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Abstract

Research background:One of the issues considered by economists sudhinagrgen (1939),
Klein (1946), May, (1946), Theil (1965), Pawtowgkio69), Bottet al. (1985) was to determine
the mechanism of transition between the resulimiofoeconomics and the theory of macroeco-
nomics. As part of this research, Pawtowski (19@83ed the problem of establishing the rela-
tionship between microparameters and a macropaganiatthe presented article, Pawtowski's
problem was expanded to include spatial econonseareh, where micro-dependencies and
spatial macro-dependencies were analysed.

Purpose of the article: The purpose of the article is to establish theticiahip between the
microparameters set for SGM agricultural macronegiand the macroparameter referring to the
whole area of Poland, where the parameters desttrdbeconomic dependencies regarding the
impact of the size of farms in established regiartteeir technical equipment. In the study, the
economic relationships analysed in the case oWiddal SGM agricultural macroregions were
defined as spatial micro-dependencies, and in #se of the entire area of Poland as spatial
macro-dependencies.

Methods: The methodological part of the article describesdbncepts of Modifiable Areal Unit
Problem, causal homogeneity of spatial data, homeges system of sets of areal units, area and
sub-areas of conclusions. The concepts of micremnidgncies and spatial macro-dependencies
are presented. Basic equations allowing to detexittia evaluation of the spatial macroparameter
as a linear combination of spatial microparameten® also presented.
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Findings & Value added: In the first stage of the study, spatial micro-defencies were identi-
fied for subsequent SGM agricultural macroregidnshe second stage of the study, the relation-
ship between spatial microparameters for singleranagions and the spatial macroparameter for
Poland was determined. Establishing the relatignsliowed to determine the macroparameter
estimate for the whole area of Poland.

Introduction

The article focuses on the problem of determinimg telationships that
occur between microeconomic and macroeconomic digpenes within
the framework of spatial economic research. Thélpro of establishing
the relationship between microparameters and macaometer was raised
by Pawtowski when analysing time series (see Paskgwi969). In the
article, this problem was considered in the contéxtlentifying economic
dependencies based on spatial data analysis.drcdlse, solving the prob-
lem boils down to establishing economic dependsraidaifferent levels of
aggregation, and then attempting to assess therelhip between them.

In the case of spatial economic research on theeis¥ micro-
dependencies and macro-dependencies, it is negdesselect appropriate
sets of areal units and perform the process ofadmita aggregation. This
means that research of this type fits into theexilypf the Modifiable Areal
Unit Problem (MAUP, see Anselin, 1989; Tobler, 1988ining, 2005;
Suchecka (Ed.), 2014; Pietrzak, 2014a, 2014b, 2Riétrzak, 2017; Pie-
trzak, 2018a, 2018b; Pietrzak & Ziemkiewicz, 201\R)ithin the MAUP,
the following two issues are considered separathly:Aggregation Prob-
lem and the Scale Problem, both in the contexhefpossibility of receiv-
ing different research results (see Openshaw & drayl979; Openshaw,
1984; Suchecka (Ed.), 2014; Pietrzak, 2018b). Thereit is necessary to
take into account the research methodology, whdeseassumed that both
the Aggregation Problem and the Scale Problem ncayrpwhich should
ensure the correctness of the procedure for datergithe relationship
between spatial microparameters and a spatial pa@meter (see Pie-
trzak, 2018b).

The research objective of the article is to idgntife economic depend-
encies regarding the impact of the size of farma gelected region on the
level of their technical infrastructure, and therestablish the relationship
between the microparameters for SGM agriculturalcnor@gions and
a macroparameter for the whole of Poland. The oeterd economic de-
pendencies for individual SGM agricultural macréoeg were defined as
spatial micro-dependencies. Spatial macro-depemneiema@s identified for
the entire territory of Poland. The implementatafrthe objective allowed
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to determine the macroparameter estimate for tha af Poland on the
basis of a combination of a linear estimate of oparameters related to
individual macroregions.

The spatial economic study was carried out in tteges. In the first
stage, the spatial autocorrelation properties kdcsed processes were ex-
amined and the parameters of four spatial econ@mneindels describing
the economic dependencies adopted in the study estimated. Further
model specifications were referred to SGM agricaltumacroregions. The
results obtained allowed performing the initialritlécation of spatial de-
pendencies for subsequent macroregions. In thendestage of the study,
the relationship between the spatial micropararaeted the spatial macro-
parameter was established, where the micropararastanates for indi-
vidual SGM agricultural macroregions were used. Thplementation of
the second stage of the study allowed determinireg relationships be-
tween economic micro-dependencies and the econanzcro-depen-
dencies for selected spatial processes, which éxamsion of Pawtowski's
problem by spatial aspects.

Literature review

Over the past fifty years, a systematic developroéstatistical and spatial
econometrics methods in economic research methggdias been ob-
served (see Tobler, 1970; Cliff & Ord, 1973, 198&glinck & Klaassen,
1979; Bivand, 1984; Anselin, 1988; Arbia, 1988, @0@eliss, 1991; Pae-
linck, 2000; Haining, 2005; Szulc, 2007; Bivartdal., 2008; LeSage &
Pace, 2009, Suchecki (Ed.), 2010, 2012; SuchecHg, (B014; Pietrzak,
2018b). In addition, the availability and advancabw computer software
that allows the use of this type of methods is dyically expanding (Bi-
vandet al., 2008), which has led to an increase in the nurabd quality of
spatial economic research (Tobler, 1989; Hainir@i)52 LeSage & Pace,
2009; Kiselitsaet al., 2018; Raszkowski & Bartniczak, 2018; Shuyan &
Fabu§, 2019; Markhaichuk & Zhuckovskaya, 2019).réfuee, there are
more scientific works, where the dimension of spaceken into account
for the studied economic phenomena. The subjexhtiire presents anal-
yses of the spatial diversity of the phenomenaistudsee Balcerzak,
2016a; 2016b; 2017; Nowak, 2018; Semedial ., 2019), the results of the
use of taxonomic methods for region analysis (Jaék@lovéet al., 2015;
Simionescu, 2016; Reift al., 2016; Kuc, 2017a; Balcerzak & Pietrzak,
2017; Pietrzalet al., 2017; Tvaronavien¢ & Razminiere, 2017; Hlavéek

& Sivicek, 2017; Rollnik-Sadowska &dbrowska, 2018; Kljucnikoet al.,
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2018; Rogalska, 2018; Horskfal., 2019), the results of the use of spatial
statistics methods allowing the identification gfatal dependencies and
measurement of spatial autocorrelation (see Furko@hocholata, 2017)
and the results of the use of spatial econometniodels (see Pietrzak,
2012; Bal-Domaska, 2016; Kuc, 2017b).

It should be emphasized that in the case of ecaneptial research,
the key problem is the choice of a set of aredisuai the selected level of
aggregation. The Modifiable Areal Unit Problem issaciated with the
need to choose a set of areal units (see AnsélB9,1p. 26; Tobler, 1989,
p. 115; Haining, 2005, p. 150; Suchecka (Ed.), 2@p4 56—64) , within
which separate issues are considered — the AggoegBtoblem and the
Scale Problem (see Openshaw, 1984, p. 8; Suchécky 014, pp. 56—
57). In both issues, the literature emphasizesptiesibility of obtaining
various results (see Anselin, 1989, p. 26; ArbR89, pp. 1-4). The issue
of obtaining different research outcomes as a redud change in a set of
areal units was referred to in the literature as Alggregation Problem
(Openshaw, 1984, p. 8, Suchecka, 2014 (Ed.), p.I6#urn, aggregation
of spatial data and the related change in the adoletvel of aggregation
may also lead to different research outcomes, whiah described in the
literature as the Scale Problem (see Openshaw, P984 Suchecka, 2014,
p. 56).

The process of choosing a set of areal units agdeggtion of spatial
data can be considered much broader in the senaebnfige that allows
the transition between microeconomics and macrago@s (see Thell,
1965, pp. 1-9). It should be emphasized that @ffemethodological ap-
proaches were proposed in the literature regartiagransition from mi-
croeconomics to macroeconomics (see Tinbergen,, J239%; Klein 1946,
pp. 93-108; May, 1946, pp. 285-298; Batal., 1985, pp. 8-9). The data
aggregation procedure should allow the transitimmfacceptable micro-
dependencies within the theory of microeconomic&adoeptable macro-
dependencies within the theory of macroeconomios.tke problem un-
derstood in this way, Pawtowski posed a researobl@m in the form of
determining the relationships that occur betwegmeddencies for lower-
order entities, and relationships for higher-orgatities. Pawtowski defines
this issue as a problem of establishing the relahgp between micro-
parameters and a macroparameter (see Pawlowsld, pO@35; see also
Bott et al., 1985, pp. 33-34). Pawlowski's considerationsceomed the
analysis of time series and were conducted basetthem®xample of the
analysis of the dependencies between the demamddatper capita rela-
tive to the average real price of meat (see Pawipw969, pp. 239-244).
It should be emphasized, however, that Pawtowsksdmt limit the con-
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siderations to the approach presented by Theil reviiee essence of the
problem was to determine the relationship betwesarmpeters determining
microeconomic relationships and parameters det@mimacroeconomic

relationships (see Theil, 1956). Pawtowski propdeetetermine the nature
of the parameters based on the relationship betlegar and higher order

objects. This approach means the possibility ofnghmay the nature of

a parameter from a macroparameter into a micropgteEandue to a change
in the level of aggregation (see Pawtowski, 19¢0,339—240).

In the context of economic research, Pawtowski dattgntion to the
fact that it is customary to use the term ‘macroeooic’ in the analysis of
higher-order entities, and the term ‘microeconomiben analysing lower-
order entities (Pawtowski, 1969, p. 239). Pawlowalsio emphasizes that
the terms ‘macroeconomic’ and ‘microeconomic’ asedionly within the
framework of object-type aggregation (Pawtowski699p. 239). This
remark is important in the context of spatial daggregation, since it is an
aggregation of the object type, where the geogcaplariterion is taken as
the hierarchical criterion of economic objects.Fietrzak’s work (2018b,
pp. 121-141), the Pawtowski's problem was presdiatespatial economic
research, where analyses are performed on the bfsigatial data. The
difference between micro-dependencies and spat@drardependencies
was determined on the basis of a criterion basdtiepossibility of chang-
ing the nature of the analysed economic depende(®ée Pietrzak, 2018Db,
pp. 62—70). Similarly to the results obtained by/avski, it was proved in
Pietrzak’s work (2018b, pp. 60-75) that the estamaft a spatial macro-
parameter is a linear combination of the estimafespatial microparame-
ters and properly defined weights.

Research methodology

The key issue in economic spatial research is kizéce of a set of areal
units, since any analysis based on spatial datairesqreferring them to

a specific set. The choice of the right set of lawedts as part of the re-
search problem determines the success of furtseareh. Pietrzak (2018b,
pp. 37-48) indicates the necessity of choosing sudet of areal units,
where the spatial data referred to it are charaetiby causal homogenei-
ty. The concept of causal homogeneity of spatitd daan extension of the
concept of causal homogeneity proposed by @&&li(see Zieliski, 1991,

pp. 7-17). Spatial data have this property if they the result of the same
combination of main causes for each of the aremwifiy a set of areal
units (see Pietrzak, 2018b, pp. 37-48). Spatial tfadt display casual ho-
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mogeneity should properly reflect the impact ofsesiwithin the adopted
set of areal units (Tobler, 1989, pp. 115-116)sTheans that the use of
data in the study that display casual homogeneisyies proper identifica-

tion of spatial economic dependencies (Tobler, 1989115-116; Anselin,

1988, p. 27; Haining, 2005, pp. 150-151).

Spatial economic research can be conducted foerdiit levels of ag-
gregation, which is associated with the need tongxa the causal homo-
geneity of spatial data for each of these leveleréfore, Pietrzak (2018Db,
pp. 42—-48) proposed the concept of a homogeneatisns\of sets of areal
units. A homogeneous system of sets of areal Ungits been defined as
collection of sets of areal units at different lisvef aggregation, where
spatial data related to these sets have the pyopedausal homogeneity.
The use of sets of areal units belonging to a h@amegus system of sets of
areal units should ensure the correctness of redsgarformed.

Another important element of spatial economic reges determining
the area or sub-areas of conclusions (see Piete@d8b, pp. 42-48),
which consists in determining the boundaries of #inea in relation to
which conclusions will be drawn on the basis of #malysis performed.
The boundaries of the area of conclusions shoulsebén such a way that
there are no changes in the properties of the exavgpatial process with
shifts in space. The selection of the area of amiehs is significant, since
the applications related to it are formulated oe Hasis of the research
tools used. Failure to ensure the required prageedf the examined spatial
process within the adopted area of conclusionsesatisat the cognitive
value of the research tool is reduced.

Pawtowski points to the need to divide the econodaipendencies and
structural parameters analysed from the macroecimnama microeconom-
ic perspectives. The regularities regarding higheler entities were de-
fined by him as macro-dependencies, and the camelipg parameters as
macroparameters (see Pawlowski, 1969, pp. 239-2@)ever, micro-
dependencies and microparameters were determineglation to lower-
order objects. In the context of economic resedpelwytowski drew atten-
tion to the fact that it is customary to use theadnoweconomic’ term when
analysing higher-order entities, and the ‘microexoit’ term in the case of
the analysis of lower-order entities (see Pawlows869, p. 239).

Pietrzak (2018b, pp. 62—75) made a distinction betwspatial macro-
dependencies and micro-dependencies, where aamiteased on the pos-
sibility of changing the nature of the economic @wgencies was used.
A change in the nature of the dependencies betwearesses is under-
stood as a significant change in their strength ohange in the functional
form of the dependencies examined at the transhitmveen established
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areal units. Therefore, spatial micro-dependengig® defined as depend-
encies occurring between the processes analyséch Wwhve a permanent
character for all areal units forming the area@idausions. Spatial macro-
dependencies, in turn, were defined as dependeincigsich their charac-
ter changes within the adopted area of conclugieess Pietrzak, 2018b, pp.
62—65). In the case of determining spatial micrpeshelencies, it is possi-
ble to set the boundaries of the area of conclssiorsuch a way that the
spatial dependencies between the analysed procassesd a permanent
nature for all areal units forming this area. listhituation, the identified
micro-dependencies can be generalized for the wdrelg of conclusions.

Spatial autocorrelation property of the processedyaed is identified
in most spatial economic research. Then, in susbs;dahe specification of
a spatial autoregression model should be adoptethéoanalysis of eco-
nomic dependencies (see Arbia, 2006, p. 110; Skcligéd.), 2010, pp.
241-254, Pietrzak, 2013, pp. 131-133), whose foras wecorded by
means of the following equation:

Y= ﬁo +pWY+ﬁ1X+€, (1)

whereY, X are the vectors of spatial process valyigsp, are structural
parametersp is a spatial autoregression parame¥€ris a neighbourhood
matrix, where matrix elements reflect the existsgatial structure fon
areal units (see Pietrzak, 2010a, 2010b; Bivend., 2008 ),e is white
spatial noise.

In the case of the spatial autoregression modshaduld be noted that
the significant impact of the spatial lag of theleined proces¥ enforces
a different interpretation of regression parametkes in the case of the
linear regression model. Appropriate transformatidnthe spatial auto-
regression model allows deriving 8W) matrix with then? number of
elements(see Pietrzak, 2013, pp. 131-133):

Y=£—‘;+S(W)X+s, )

S(W) = (I - pW)™ 'y, 3)

wherel is a unit matrix an@(W) is a matrix of detailed interpretation of
the regression parameter, and the other symbdls the case of equation
(1). Individual elements of th&(W);; matrix illustrate the strength of in-
teraction from the explanatory processThe selected elemeSt{WW);; is

interpreted as the average impact of the changieeirexplanatory process
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X, which occurred in the regiof) on the value of the process explaited
in regionj.

Therefore, when determining the relationship betwspatial micro-
parameters and the spatial macroparameter, théispgon of the spatial
autoregression model should be adopted and thédtingseonsequences
taken into account. A detailed derivation of theuagpn for the spatial
macroparameter as a linear combination of micraopaters was described
in Pietrzak (2018b, pp. 121-141). In the methodeklgoart, however, the
basic steps and equations will be presented tardite this relationship,
where four sub-areas of conclusibeemprising the whole of Poland (the
macroparameter) were adopted. The adopted sub-aireasiclusions cor-
respond to four microparameters and the macropaeameas referenced
for the area of Poland. By means of equations (4483cifications of SAR
spatial autoregression models for subsequent dignialmacroregions R1,
R2, R3, R4 and the whole of PolaR@:

YR = Bot ot 4+ qraWri YRY F + By iXRY O+ &gy, (4)
YRy ot = By ot 4 qraWra YRy ot + Bl tXRy O + &ga, (5)
YRy T2 = Bos ot + qusWrsYRs ot + Bl OUXRS St + ggs,  (6)
YRe ot = Bon Ot + qraWra YRy ot + BLE UXRE T + &g, (7)

VAT = VIS4 g, Wag VRIS 4 GNUTSXITS? 4 e (8)
whereYNUTS* is a vector of the value of the explained proc¥gs,>* is

a vector of the value of the explained process,

TSt plUTSa pRUTS® pNUTS denote structural parametegs,; andq,

are spatial autoregression paramet®s; denotes neighbourhood matri-
ces,gp; is white spatial noise, whilRi is i-th agricultural macroregion or
area of Poland.

The application of the obtained empirical econoioetnodels can be
extended to analyse changes in the entire studesd (an the adopted sub-
area of conclusions). However, determining the wat&n of the micro-
parameter and the interpretation of the spatiatorilependencies for the

1t was assumed that each sub-area of conclusi@ssoreated on the basis of the
boundaries of successive SGM agricultural macroregji which results from the spatial
economic study presented in the empirical part.
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entire area requires averaging the impact of cramgthe proces¥ on the
change in the process Pietrzak (2013, pp. 133-138) proposed a set of
four measures of spatial impact allowing intergietaof the average im-
pact of the explanatory proce¥dn econometric models with spatial auto-
regression. This set consists of the measure aitbeage direct impadt;,,
the measure of the average indirect impgctthe measure of the average
residual impactd; and the measure of the average total imgactWith
the knowledge of the final form of the economeimniodel (equations 4-7),
the interpretation of the micro-dependencies ferehtire sub-area of con-
clusions Ri macroregion) can be approximated by measuringatleeage
total impactd (zob. Pietrzak, 2018b, pp. 121-141).

The measurd is the sum of the measure of the average dirguadin
Ap, the measure of the average indirect impgcand the measure of the
average residual impadt,, which can be determined by the equation (see
Pietrzak, 2013, pp. 133-138):

Ar = n71tr(S(W)) + n~ter(W = S(W)T) + n=ltr(G * S(W)T),  (9)

where the symbol tr means the trace of the maBirepresents the matrix
standardized by rowE =1 —1—- Wjg, 1 is the one matrix| is the unit

matrix, Wy is the binary neighbourhood matrix, and the otltesignations
are the same as for equations (1-8).

Substitution of the measure of the average totphirt4%! to the speci-
fication of spatial autoregression models deterchioy means of equations
(4-7) can be used to formulate models expressingtiatp micro-
dependencies for the entire macroregRinThe value of the measusg!
expresses the average strength of the micro-depeiedeand can be equat-
ed with the microparameter estima® ; determining the micro-
dependencies at the level of the entire macroreRioiTherefore, the esti-
mates of the microparametexs; can be expressed by measuring the aver-
age total impact ofi§l. Specifications of micro-dependencies models for

subsequent agricultural macroregidtisare presented by means of equa-
tions:

YRI = (X\O,i + (,X\l'iXRl, (10)
TS Ri
~ — ’l ~ — l
Qo =7 @i = AT, (11)
q1,i
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whereY® and x®! stand for the values of the explained and exptapat
process for the entire area of the macrore@onz,; is estimate of con-

stant, andt, ; is estimate of the microparameta;.

Micro-dependencies models for agricultural macrimmegRi (equation
10) can be used to determine macro-dependencidbdoarea of Poland.
The macro-dependencies will be a weighted averagermined on the
basis of established micro-dependencies, wherevéight values will be
determined on the basis of the spatial differeiotmadf the processes and

Y. The values of the proce¥$° for the entire area of Poland can be ex-
pressed as a weighted average of the values girtitesse¥ *! related to
four agricultural macroregiori:

YR = Y w; ¥, = w YR 4+ w,YRZ 4w YRS 4w, YR, (12)

where the weights; were determined on the basis of the share of-the
agricultural macroregion in the total value of frecess’ in Poland (area
R0), and the other determinations are the same d®icdse of equations
(10-11).

Then, the equations of micro-dependencies modelRifonacroregions
(equation 10) were substituted for equation (13)ictv allowed to derive

the equation for th#®° process, related to the whole of Poland:

YRO - ((X\O,l + &1’1XR1) W1 + (&0’2 + &1’2XR2) WZ + (&0’3 + 13
81 5X7) Wy + (Bg.q + 814X Wy (13)
In addition, in equation (13)X®° was introduced in place of the
X® processes, resulting in the equation expresséuifotm:

YRO = ((X\O,l + &1’1'Y1XR0) Wq + (&0’2 + (,X\l'Z'YZXRO) Wy + (&0’3 + (14)
&1,3Y3XR0) w3 + (@4 + &1,4Y4XR0) Wy,

wherex® =y x*°.
In the last step, the appropriate transformatiorqfation (14) allowed
the determination of equations (15-16) defining theatial macro-

dependencies and the macroparameter estirfiatg for the whole of Po-
land:
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RO _ (& ~ ~ ~ ~
Y™ = (050,1 Wi+ &g, Wy + Ap3 W3 + A4 w4) + (“1,1 wyy, +

(12 WoY, + Q13 Way; + &4 W4Y4)XRO1 (15)

YR = a, + @&, X®°, (16)

Ay = gy W1+ Ao W + B3 W3 + Qg Wy, (17)

Ay = Qyq Wiy, + @15 WoY, + 0y 3 WaY, + Oy 4 WaY,. (18)

Equation (15) expresses the relationship betweemibroparameter es-
timates (&, ;) for agricultural macroregion®i and the macroparameter

estimate(@, ) for the entire area of Poland. According to thaagipn pre-
sented, the macroparameter estimate védye) depends on the values of
the microparameter estimat@, ;) as well as on the weight set andy,.

Results

In accordance with the research objective assuitiexd article presents
a spatial economic study on the development ofcalyure in Poland. In
the first step, a homogeneous system of sets af argts was determined.
In Pietrzak’s work (2018b, pp. 107-121), it waswhdhat spatial data on
agriculture in Poland related to the NUTS 4, NUT&n8l NUTS 2 systems
are characterized by causal homogeneity. This miéetsa homogeneous
system of sets of areal units should be createdbtitese three sets of
areal units. However, for research on the developnoé agriculture at
a higher level of aggregation (at the agriculturecroregions level), the
administrative set of SGM agricultural macroregiavass taken. This set
was included in an annex to the Treaty on Polaactession to the Euro-
pean Union, signed in 2003 (see Skéskaet al., 2005, p. 16). The need
to designate the SGM macroregions system resuibed the adjustment of
agricultural accounts in Poland before 2004 toEhksystem of collecting
accountancy data from agricultural holdings (sear&kskaet al., 2005,
pp. 7, 16). The specificity of the created agriatdt macroregions is that
they clearly differ from each other in the valué¢variables concerning the
development of agriculture and are spatially homeges due to the level
of this development (see Skgfiskaet al., 2005, pp. 12-19). This means
that an set SGM agricultural macroregions can lieddo a homogeneous
system of sets of areal units as part of reseanchgoiculture in Poland.
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Both spatial economic analyses and regional staidtased on SGM
macroregions should lead to the obtainment of coresults.

Assuming a constant nature of regularities betweetesses within
a defined sub-area of conclusions, the analysiscainicern spatial micro-
dependencies. In the case of accepting a sub-&@@nolusions that goes
well beyond the borders of the macroregion, onailshbe aware that the
identified economic regularity is a spatial macepdndencies (see Pie-
trzak, 2018b, pp. 60-75). Therefore, the sub-amfasonclusions were
determined on the basis of the borders of four S&gj¥cultural macrore-
gions. It should be emphasized, however, that egijigls between process-
es concerning the development of agriculture shdnddof a permanent
nature within the borders of individual agriculturaacroregions. There-
fore, the determined economic dependencies fowithal SGM agricul-
tural macroregions can be defined as spatial mdeendencies. In the
case of analysis for an area significantly excegdie borders of a single
SGM macroregion, a change in the nature of the @oandependencies
should be expected. In the case of accepting asiof conclusions that
goes well beyond the borders of the macroregioa,ahrould be aware that
the identified economic regularity is a spatial madependencies. This
means that the regularities established for thea afePoland should be
treated as spatial macro-dependencies.

A characteristic feature of Poland’s agriculturaghe fragmentation of
farms and the spatial diversity of agriculturaltatg and the level of its
development (Michna, 2007, pp. 5-21). It can be¢edtdhat the spatial
diversity of the agrarian structure in Poland isnpenent, which results
from economic, social and historical factors (seetrPak & Walczak,
2014, pp. 1036-1038; Walczak & Pietrzak, 2016,4§8-470). The con-
sequence of the significant fragmentation of Polighiculture is the low
average area of farms. In Poland, the size of aicuyral holding is one
of the most important variables determining itselesf development, be-
cause small-scale farms are unable to generatdeguate level of income
to function efficiently (see Michna, 2007, pp. 5}1Too large fragmenta-
tion of farms means no possibility of progressyéasing technical equip-
ment of labour through the purchase of new machamesa high level of
unit production costs. This means that the fautfyagan structure is be-
coming a strong destimulant of proper changes andldpment of agricul-
ture (see Michna, 2007, pp. 5-13).

The article formulates a research problem in thenfof a hypothesis
that in Polish agriculture, the average size ofmfain the studied region
determines their level of technical equipment. Theel of technical
equipment of farms within a selected region is ustd®d as the average
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number of tractors per farm. The hypothesis aldweistgnificant impact of
the size of a farm in agriculture on the levelaifttnical equipment is justi-
fied by the fact that the size of a farm is an int@at element of generating
income by the farm. Given the importance of thenfaize factor in obtain-
ing agricultural income, the positive nature ostdependencies should be
assumed for all agricultural macroregions. Thidue to the fact that farms
with a small area are not able to generate an adedgvel of income ena-
bling the purchase of specialized agricultural nnaety and increasing the
level of technical equipment (see Michna, 2007, pp—21, Malaga-
Tobota, 2010, pp. 143-147). The study used spddia at the district level
(NUTS 4) made available by the Central Statistioffice in connection
with the publication of the results of the 2002 isghtural Census.

In accordance with the assumed objective of thelertisubsequent ac-
tions were carried out to determine the relatigmdtetween the macro-
parameter and the microparameters describing tbeted dependencies
between selected processes in agriculture. Thexdfothe first stage of the
study, an attempt was made to identify the econa@®pendencies assumed
in the research hypothesis for the designated sdsaf conclusions (suc-
cessive SGM agricultural macroregions). PietrzaB1@b, pp. 121-141)
indicates the concentration of high data values samhrately low values
into clusters in the case of average size of farhimerefore, in the first
stage, the property of spatial autocorrelation exemined for the average
size of farms and the level of their technicalastructure. Identification of
the occurrence of spatial autocorrelation was edraut using the Moran
test (see Moran, 1948, pp. 243-251; Zel{gd.), 1991, pp. 102-107,
Suchecki (Ed.), 2010, pp. 112-114). The obtainddegaof Moran statis-
tics andp-values of the test are presented in Table 1. llofathe cases
examined, strong positive spatial autocorrelatias iound for both pro-
cesses.

Due to the identification of spatial autocorrelatioroperties for the se-
lected processes, in the next step of the studpdh@meters of four spatial
autoregression models for subsequent SGM agrieliltoacroregions were
estimated. The adopted model specifications arsistemt with the specifi-
cations recorded in the methodological part of drhi&cle using equations
(4-7). The use of selected forms of econometricetsoshould allow iden-
tification of economic dependencies assumed insthdy for each of the
agricultural macroregions.

The obtained results of parameter estimation faalfmodels are shown
in Table 2. For all models, a significant impacttloé explanatory process
and the spatial lag of the explained process weued. In addition, the
spatial autocorrelation property for the residualcess was checked using
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the Moran test and this property was not foundefeh of the models. The
results obtained allowed the identification of #@nomic dependencies
assumed in the study for all SGM agricultural meegions. The lowest
regression parameter estimates were obtained fpirieal models related
to the macroregio1 ( 5, = 0.017) and the macroregioR2 ( B;, =
0.021), which are characterized by a high level of cotregion agrarian
structure. Much higher values of the regressiorameater estimates were
obtained for the model related to the agricultumalcroregionk4 (31,4 =
0.049) and to the agricultural macroregi®3 ( 5, ; = 0.041), which are
characterized by a low concentration of arable |diné obtained estimates
of the autoregression parametgr; for subsequent macroregions form
a similar scheme as in the case of regression p&eanestimates. The
highest estimates of the autoregression parametey btained in empiri-
cal models for the macroregioR4 (G, , = 0.585) andR3 (G, 3 = 0.544)
and significantly lower estimates in the case opiical models related to
the macroregion®?2 (§,, = 0.438) andR1 (§,; = 0.321). This means
that agricultural processes within regions charatd by a low concentra-
tion of arable land are marked by stronger poskpatial dependencies in
comparison with regions with a high level of aradlled concentration.

In the second stage of the study, spatial micreeddencies were de-
termined for subsequent SGM agricultural macromegid-or this purpose,
the estimates of the parametets; for individual macroregions calculated
in the first stage were used. Based on the pararestinateq 3, ;), the
values of the measure of the total interactigh were determined in ac-
cordance with equation (9). This allowed deterngniihe estimates of mi-
croparametersy, ; for subsequent SGM agricultural macro-regions thase
on equations (10-11). For subsequent measuree airage total impact
ARl p-value was also determined, which allowed the sizgissignificance
of the microparameters, ; to be determined (see LeSage & Pace, 2009,
pp. 34-43; Pietrzak, 2013, p. 149).

The obtained results allowed the interpretation spiatial micro-
dependencies for subsequent SGM agricultural megians. All micro-
parameters, ; proved to be statistically significant. The eststi#d micro-
dependencies for the areas of single SGM agri@lltaacroregions should
correctly reflect the dependencies between the ¢gfiZarms in the region
and the level of their technical utilities. In thase of micro-dependencies
analysis, the highest estimates of the microparnset ; were obtained
for the model related to the agricultural macrovagk4 (am = 0.095)
and to the agricultural macroregi®3 (@;3 = 0.074), which are charac-
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terized by a low level of concentration of agrioudt land. In turn, the
macroregion®1 andR2 with higher level of agrarian structure concentra-
tion received lower microparameter estimates: thacroregion R1
(@, = 0.023) and the macroregiodR2 (@, , = 0.034).

In the last step of the study, the relationshipmMeen spatial micro-
parameters and the spatial macroparameter wasrdegs. This allowed
to determine the spatial macroparameter estimageritdng the economic
dependencies between the average size of farmslamdPand the level of
its technical infrastructure. Therefore, on theibagequations (15-18), the
relationship between the microparametess and the macroparametey
was determined for the economic dependencies cmesidn the study. To
determine the relation, the estimates of the m'mrmm\eter{alli) for four
SGM agricultural macroregions were used (see Tapl&hen the macro-
parameter estimat@; ), was calculated, which amounted to 0.058 for the
whole of Poland. The results obtained are preseintd@ble 4, where the
weight valuesv; andy; are also included. The designated macroparameter
estimate should be interpreted as the average tngbdarm size changes
on the level of their technical infrastructure fioe whole of Poland.

Discussion

The analysis of spatial micro-dependencies and or@ependencies is an
integral part of spatial economic research. In sacase, one should con-
sider the possibility of the occurrence of the Miadile Areal Unit Problem
and the related issue of the correctness of theemmmtation of subsequent
stages of the study, which refer to posing a reseproblem, performing
a spatial economic analysis and attempting to stileeresearch problem
based on the conclusions obtained from the anafgsis Pietrzak, 2018b,
pp. 37-60). Therefore, in the methodological path article, the follow-
ing concepts were introduced: the causal homogeoéispatial data, ho-
mogeneous system of sets of areal units and tlae(sub-areas) of conclu-
sions. Establishing a homogeneous system of sedseaf units as part of
the spatial economic analysis stage is crucial s allows us to draw
the correct conclusions that will be used to sdlve research problem.
Finally, it should be generalised that as parthefriesearch problem posed,
there is only one homogeneous system of sets al aréts that allows
identification and description of dependencies tfbe analysed socio-
economic phenomena. A homogeneous system of set®alf units deter-
mined as part of spatial economic analysis is @aepresite for obtaining
relevant results. However, one should be awarethieaset of areal units
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used at selected levels of aggregation will neesfagtly reflect the impact
of real convolutions of the main causes (see Ans&B88, pp. 27; Hainnig,
2005, pp. 150-151; Pietrzak, 2018b , pp. 37-42).

In the case of a homogeneous system of sets of améa, it can be
stated that the selection of sets of areal uniténiged from below and
from above, in terms of the causal homogeneitypatial data. This limita-
tion lies in the fact that spatial data systemsusteally not homogeneously
causally at a very low or very high level of aggregn. Therefore, a ho-
mogeneous system of sets of areal units shouldried to causal homo-
geneity of spatial data at the appropriate levélaggregation. This means
that data that display causal homogeneity at atseldevel of aggregation
may lose this property at a higher level of aggtiegalt should be empha-
sized that in the case of spatial data, estimdtieg causal homogeneity is
very difficult. In each case, the decision as te thoice of a set of areal
units and the determination of the causal homoggi¢ispatial data must
be made by the researcher in an arbitrary manmnerotdy within the re-
search problem. Therefore, the researcher shotdthlisthh a homogeneous
system of sets of areal units based on availal®eauic knowledge, re-
sults of previous research and own scientific eepee (see Pietrzak,
2018b, pp. 37-42).

The article sets out a homogeneous systems ofo$eteeal units for
spatial economic research on agriculture in Polaihe. use of set of areal
units from the adopted collection should ensurectireect analysis of phe-
nomena related to the level of development of Rdigriculture. A homo-
geneous systems of sets of areal units was createdf four set: the
NUTS 4 set of areal units at the lowest level afragation, the NUTS 3
set, the NUTS2 set and the set of SGM agricultoratroregions at the
highest level of aggregation. The regions that mgkeach of the four sets
of areal units should be internally homogeneouseims of agricultural
development and culture. In the research conduttiedpossible to adopt
other sets of areal units, where the spatial defierned to them will not
have causal homogeneity. In this situation, spaianomic analysis will
be based on spatial data that does not corredtbctehe impact of causes.
The results obtained, regarding the propertiehefprocesses and the de-
pendencies between them, will be a reflection ef various weaves of
causes. As a result of adopting a wrong set ofl aneiés, the cognitive
value of the results obtained will always be redide should be empha-
sized, however, that the occurrence of such atgtudoes not exclude the
obtained research results, since the cognitiveevafithese results depends
on the extent to which causal homogeneity doesonotir for the spatial
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data used (see Tobler, 1989, pp. 115-116; Hairt§5, pp. 150-151;
Pietrzak, 2018b, pp. 48-60).

It is worth emphasizing that the identification spatial macro-
dependencies based on the use of econometric misdte first step in
most spatial economic studies. In the research waiad, spatial macro-
dependencies are most often determined for theaeewtuntry or for
a group of countries. Despite the lower cognitiaéue, when compared to
the spatial micro-dependencies, the results oldaiegarding spatial mac-
ro-dependencies can also be the basis for scientficlusions and consti-
tute valuable material to solve the research prohladertaken. According
to the methodology presented in the article, furthmalysis of the research
problem should lead to testing for causal homodgrdadi the spatial data
and establishing a homogeneous system of setsaf anits. All this al-
lows narrowing the area of conclusions and thecsele of appropriate
research tools and, as a consequence, the idehdficof spatial micro-
dependencies. It should be emphasized that spaib-dependencies
have a higher cognitive value compared to macreadépncies, because
their interpretation guarantees the drawing ofedrconclusions, which, in
turn, translates into the quality of the solutiorthie research problem.

An economic study carried out in the article showrat the identifica-
tion of spatial micro-dependencies allows the deieation of the macro-
parameter estimate as a linear combination of #tienates of the micro-
parameters. This procedure significantly enriches performed spatial
economic research, since it creates the opportamitgompare the desig-
nated macroparameter estimate with those obtaindtieobasis of econo-
metric models. It also gives an opportunity to ustind how micro-
dependencies from individual sub-areas of conchgsinake up the macro-
dependencies image for the entire research ardeul&#&on of the macro-
parameter estimate requires the knowledge of miceopeter estimates
and determining the appropriate set of weights empeations 15-18). It
should be noted that the macroparameter estimatienitar to the micro-
parameters estimates in the case of similarityhefrtvalues and similar
weight values. However, when the microparametdimates differ signif-
icantly from each other, this may significantly edf the obtained macro-
parameter estimate. This effect can be further megdhby the difference in
weight values.
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Conclusions

The subject matter discussed in the article igedl#o the analysis of spa-
tial micro-dependencies and macro-dependencieshengrocess of estab-
lishing relationships between them. The searchafdaridge between the
results of microeconomics and the theory of maanemics is one of the
most important problems posed by economists. Thel@m of determin-
ing the relationship between micro-dependenciesmadro-dependencies
was put forward by Pawtowski in the case of redebased on time series.
In the article, this problem was extended for gpaticonomic research
based on spatial data. The inclusion of the spaspéct in the problem of
establishing the relationship between micro-depecidge and macro-
dependencies indicated the need to link it with Madifiable Areal Unit
Problem. The article reviews the literature whictaraines the issue of
linkages between the concepts of micro-dependemcidseconomic mac-
ro-dependencies. The issue of the Modifiable Atgait Problem in the
aspect of spatial economic research and the reisseg of their correct-
ness were also considered. The methodologicalopahie article describes
the concepts of causal homogeneity of spatial dategmogeneous system
of sets of areal units, the area and sub-areasmufiusions. Also, a distinc-
tion between spatial micro-dependencies and spaizairo-dependencies
was made. The research objective of the article tovaetermine the rela-
tionships between the microparameters and the mpameter as part of
the analysis of phenomena related to the developafeagriculture in Po-
land.

In accordance with the research objective assumestudy was con-
ducted on identifying economic dependencies reggrttie impact of aver-
age size of farms in a given region on the levehefr technical infrastruc-
ture. The article determines a homogeneous systaet® of areal units for
research on the development of Polish agricultwiesre the set of SGM
agricultural macroregions was used in the analyidisrefore, the econom-
ic dependencies determined for individual SGM mesgmns were defined
as spatial micro-dependencies, and the spatial avdeendencies was
determined for the whole of Poland. On the basishefobtained results
regarding the identification of micro-dependenctbs,relation between the
microparameters for agricultural macroregions dnednbacroparameter was
established. This allowed the macroparameter esintabe determined
based on a linear combination of the micropararae¢stimates and the
adopted weight sets. The article ended with a d&on in which the con-
clusions drawn from theoretical considerations adl \ws empirical re-
search were presented. The study extended the epnoldosed by
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Pawtowski by spatial aspects, where the authorssores of average spa-
tial impact were used to determine micro-dependandor the entire
macroregion.

In future empirical studies, the analyses maderdaga the develop-
ment of agriculture in Poland may be extended émtidy other economic
micro-dependencies and macro-dependencies andatgsanthe relation-
ships between them. These dependencies may cosglesequent aspects
of the farm production process, including the agrastructure of farms in
the region, animal and crop production efficienapd mineral fertilizer
consumption. It should be emphasized that the stibfethe research con-
ducted in the article may be any economic phenoptaeachoice of which
depends solely on the adopted research problens, The research meth-
odology presented should be used in subsequenalspadbnomic research
to confirm its usefulness in the field of spati@tsstics and econometrics.

However, attention should be paid to the reseanaitations of the ap-
proach presented in the article, where the maiitdiions include the lack
of data availability at a sufficiently low level @fggregation. As part of
official statistics, spatial data is not usually deapublic for all levels of
aggregation. In most cases, data is publishedifgren aggregation levels
than the ones they were actually collected at. Nbgkess, the progress
observed in recent years in the area of increasiagffectiveness of offi-
cial statistics and the decreasing cost of colkectind sharing data at low
levels of aggregation raise expectations that thesgrictions may have
lesser practical significance in the future.
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Annex

Table 1. Moran test results

SGM agricultural macroregions

Macroregion R1

Spatial process Moran | statistics p-value
Average size of farms 0.246 ~0.00
Level of technical infrastructure 0.311 ~0.00
Macroregion R2

Spatial process Moran | statistics p-value
Average size of farms 0.204 ~0.00
Level of technical infrastructure 0.390 ~0.00

Macroregion R3

Spatial process Moran | statistics p-value
Average size of farms 0421 ~0.00
Level of technical infrastructure 0.611 ~0.00

Macroregion R4

Spatial process Moran | statistics p-value
Average size of farms 0.433 ~0.00
Level of technical infrastructure 0.682 ~0.00

Poland area RO

Spatial process Moran | statistics p-value
Average size of farms 0.533 ~0.00
Level of technical infrastructure 0.522 ~0.00

Table 2. Results of estimation of the parameters of models for SGM macroregions

Mode for macroregion R1 Model for macroregion R2
Parameter Parameter
Parameter estimate p-value Parameter estimate p-value
Bo1 0.189 ~0.00 Boz 0.191 ~0.00
P11 0.017 ~0.00 P12 0.021 ~0.00

G1a 0.321 ~0.00 sz 0.438 ~0.00




Table 2. Continued

Mode for macroregion R3

Model for macroregion R4

Parameter Parameter
Parameter estimate p-value Parameter estimate p-value
Boz 0.164 ~0.00 Boa 0.144 ~0.00
P13 0.041 ~0.00 Bia 0.049 ~0.00
Q13 0.544 ~0.00 Q14 0.585 ~0.00

Table 3. Evaluation of micro-dependencies for SGM agricultural macroregions

Macroregion R1

M acroregion R2

Microparameter Estimate p-value Microparameter Estimate p-value
Qo1- 0.231 - Qo z2- 0.306 -
g 0.023 ~0.00 ay,. 0.034 ~0.00
Macroregion R3 Macroregion R4
Microparameter Estimate p-value Microparameter Estimate p-value
Qo 3- 0.277 - Qo 0.344 -
@3 0.074 ~0.00 . 0.095 ~0.00
Table 4. Macro-dependencies analysis for the area of Poland
Adopted weight values w; and y;
M acr o-dependencies for Poland
Weight w; wy w, ws A
Macroparameter M ac;ﬁ’;rgzaa Weight values  0.23 026 033 018
oy 0.058 Weight y; Y1 Y2 Y3 Va
' 0.291 Weight values 1.73 1.22 0.83 0.40






