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Abstract

This paper aims to understand the state of adjudtprecess and dynamic structure in Polish
agriculture. A dynamic cost frontier model using tthadow cost approach is formulated to
decompose cost efficiency into allocative and temdinefficiencies. The dynamic cost
efficiency model is developed into a more geneaaitext with a multiple quasi-fixed factor
case. The model is implemented empirically usipg@el data set of 1,143 Polish farms over
the period 2004 to 2007. Due to the regional disparand a wide variety of farm
specialization, farms are categorized into two argiand five types of farm production
specialization. The estimation results confirm aloservation that adjustment is rather
sluggish implying that adjustment cost are considigr high. It takes up to 30 years until
Polish farmers reach their optimal level of capaad land input. Allocative and technical
efficiency differ widely across regions. Moreovefficiency is rather stable over time and
among farm specialisations. However, their resultiscate that the regions characterized by
the larger farms perform slightly better.

Keywords: Polish agriculture, dynamic efficiency, adjustrneost, shadow cost approach
JEL codes D21, D61, Q12

1. INTRODUCTION

The main purpose of the paper is to understandnfheences of technical change on Polish
Agriculture after the accession to the EU in 20@J membership offered several
opportunities for Polish farmers. First the bemefistronger from monetary transfers provided
by EU agricultural market and rural policies. Tregeased probably existing credit constraints
und increased investment possibilities of farmErgthermore, more intense integration into
the EU market fostered competition with other EUnmbers on the domestic as well the
internal market. In turn, a higher competitive #ireequires a restructuring of production and
factor inputs. Moreover, since 2000 Polish econexperienced significant economic growth
leading to higher pull factors regarding structuchbnge. In sum, all these developments
imply structural adjustment process including iremnt and changes in the production
program to meet the requirements set by the chgngioonomic and institutional
environment. Moreover, it can expected that thesstructuring processes will be
accompanied by significant technical change, sitehnical improvement are usually
implemented in new inputs, especially investmennh@w machinery and other equipment
which in turn also require the use of appropriate @nproved material inputs.

However, structural adjustment requires significantdifications of the production programs.
This process usually occurs over several produgignods. This implies that the estimation
of a comparative static production frontier is ipegpriate, instead, the representation of the
technology has to take account of multiperiod dens making processes. This feature is
explicitly considered in the dynamic duality modélintertemporal decision making (Epstein
and Denny 1983). The paper extends the adjustnesig mmodel with allocative and technical
efficiency of Rungsuriyawiboon and Stefanou (200Mp a more general context with a
multiple quasi-fixed factor case. The model is iempénted empirically using a panel data set
of 1,143 Polish farms over the period 2004 to 20 study period allows examining the
post-accession performance of Polish farms. Dua large difference across regions and a
wide variety of farm specializations, the studyuses on two regions (i.e. North and South)



and five types of farm production specializatiore.(ifield crops, dairy cattle, grazing
livestock, granivores and mixed farms). The producttechnology of Polish farm is
presented by one output variable (the aggregatgapf and livestock), four variable inputs
(labour, overhead, fertilizer, livestock) and twaeagi-fixed factors (land and capital).

Rungsuriyawiboon and Stefanou (2007) built on thekwof Epstein and Denny (1983);
Vasavada and Chambers (1986); Howard and Shumv@88)1Luh and Stefanou (1991,
1993); Fernandez-Cornejo et al. (1992); Manera 41%hd Pietola and Myers (2000) and
formalize the theoretical and econometric modelslyfamic efficiency in the presence of
intertemporal cost minimizing firm behaviour. Thgndmic efficiency model is developed by
integrating the static production efficiency modehd the dynamic duality model of
intertemporal decision making. Basically, technicahd allocative inefficiencies are
considered following by the shadow coast approasteldped by Kumbhakar and Lovel
(2000). The dynamic efficiency model defines théatrenship between the actual and
behavioural value function of the dynamic programgniequation (DPE) for a firm’'s

intertemporal cost minimization behaviour. Therefahe dynamic efficiency model provides
the system of equations which allows measuring bethnical and allocative inefficiency of
firms. Recently, Huettel, Narayana and Odening {208xtend the Rungsuriyawiboon and
Stefanou (2007) model by developing a theoreticaméwork of a dynamic efficiency

measurement and optimal investment under unceytaint

The remainder of the paper is organized as follovir& next section presents the theoretical
framework and mathematical derivations of the dyicaeificiency model for the multiple
guasi-fixed factor case. The following section dsses the data set and the definitions of the
variables used in this study. The next section cektes the econometric model of the
dynamic efficiency model with the two-quasi-fixedctor case. The results of empirical
analysis are presented and discussed in the netxors@nd the final section concludes and
summarizes.

2. THEORETICAL FRAMEWORK AND MODEL SPECIFICATION
2.1. Dynamic Intertemporal Cost Minimizing Firm

Dynamic economic problem facing a cost minimizimgnfbehaviour can be addressed by
characterizing firm investment behaviour as the faeeking to minimize the present value of
production costs over an infinite horizon. Thistiwork allows one to analyze the transition
path of quasi-fixed factors to their desired long-devels. The underlying idea is that the
adjustment process of quasi-fixed factors genemddgional transition costs and the optimal
intertemporal behaviour of the firm can be solvgdibing the notion of adjustment costs as a
means to solve the firm’s optimization problem. M\ite presence of adjustment costs for the
quasi-fixed factors, a firm faces additional tréiosi costs of quasi-fixed factors beyond
acquisition costs in the decision making processs @lynamic intertemporal cost minimizing
firm model is dealt with two sets of control varedy variable input and dynamic factors (i.e.
net investment of quasi-fixed factors), and it da@ solved by the appropriate static
optimization problem as expressed in the DPE or ilamJacobi-Bellman equatiaiiEpstein
and Denny 1983). The dynamic duality model of iemporal cost minimizing firm
behaviour provides readily implemental systems yfaghic factor demands consisting of
optimal net investment demand for quasi-fixed fesctnd optimal variable input demand.

Let x and g denote a nonnegative vector of variaigats and quasi-fixed factorsJ 0" and
qO0O9, respectively, where w and p denote a strictlynegrative vector of variable input

price and quasi-fixed factor price,00" andpO0O9, respectively.



The value function of the DPE for the intertemparast minimizing firm behaviour can be
expressed as

(1) (wpa.yt) =mifw x+pq+0.3g+Y(y-F(xX.d ¢ 1)+ 0J}

wherer is the constant discount ratg;is a sequence of production targets over the plgnn
horizon;t is time trend variablef J is a (Qx1) strictly nonnegative vector of the marginal

valuation of the quasi-fixed factors} is a (Qx1) nonnegative vector of net investment in
quasi-fixed factors;y is the Lagrangian multiplier associated with threduoiction target;
F(x',q',q',t) is the single output production function;J is the shift of the value function
due to technical change.

Equation (1) can be viewed as the dynamic interegaipmodel of firm’s cost minimization
problem in the presence of the perfect efficiendren a firm does not minimize its variable
and dynamic factors given its output and does et the variable and dynamic factors in
optimal proportions given their respective pricesl ahe production technology, the firm is
operating both technically and allocatively inetiat. Measure of firm’s inefficiency can be
done by adopting a shadow price approach as desdntkKumbhakar and Lovell (2000).

Figure 1: The dynamic intertemporal cost modehm presence of the inefficiency
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Figure 1 shows the bundle of variable and dynamatoks (x,¢) . The curveXX represents
the isoquant. All curves to the southeasxof represent higher output levels. SifdeF >0
and 0,F <0, it is downward sloping, moreover], F <0 and 0 F < Oimplies that the

function is concave. The lin&¥Y represents the isocost curve derived from the-tong
shadow cost function in equation (1). Accordindhe definition of costs, they are increasing
in variable inputs and higher net investments. P&rrepresents the point that the firm will
choose to minimum long-run costs occurred at theam point of the isoquant and isocost
curves such thatl,q=-(w/0,J)=-(0,F/0,F); 0,J<0.

Consider PointA in Figure 1 where a firm uses the bundle of inpi$,q”) available at
price (w,0,J) to produce output y measured using tk& curve. Given the input price



(w,0,J), @ minimum cost will occur at poire with the cost of(w'xE,DqJ'q ). The firm

is technically inefficient, because the operatisnnot on theXX curve. Thus both, the
variable input use as well as dynamic factor carrdakiced, and thus, costs can be saved
without an adjustment of production (e.g. movingnir point A to point B in figure 1). Let

" and 1;1 denote an input-oriented measure of the techeit@iency of the producer for
variable and dynamic factors, respectively. Thenfwill be technically efficient at poinB
under the input uses ¢t 'x*,7,'g") with the cost of(w't'x*,0,J'7;'q") . At point B the
firm is still allocatively inefficient, because timearginal rate of substitution &t ,'x",t.'q")
diverges from the actual input priqev,0J,J . However, the firm is allocatively efficient

relative to the shadow input pric(evb,Dqu). The shadow prices (internal to the firm) are

defined as input prices forcing the technicallyaint input vector to be the cost minimizing
solution for producing a given output. Shadow ied! differ from market (actual) prices in
the presence of inefficienciigure 1 illustrates the presence of the techracal allocative
inefficiency in the dynamic intertemporal modeltloifs cost minimizing firm behaviour.

2.2. Derivation of Dynamic Efficiency Model

In the presence of inefficiency, the dynamic effirty model with intertemporal cost
minimizing firm behaviour can be formulated usihg shadow price approach. A basic idea
underlying the construction of the dynamic effiagnmodel is to define the relationship
between actual and shadow (behavioural) value iumetof the DPE for the firms’
intertemporal cost minimization behaviour. The hebtaral value function of the DPE is
expressed in terms of shadow input prices, quasdfifactor and output whereas the actual
value function can be viewed as the perfectly &fficcondition. The shadow input prices are
constructed to guarantee optimality relationship #mey will differ from market (actual)
prices in the presence of inefficiendye inefficiency of firm can be measured and evaidia
as a deviation between the behavioural and actalaévunction.

Let x" and g° denote a nonnegative vector of behavioural vagiambuts and behavioural
dynamic factorsx” 00" and ® 009, respectively. Following the shadow price apprgach
x" and (" can be expressed in terms of actual variable gndrdic factors as” =, 'x and

qb:rq‘lq, respectively wherer, and T, are the inverse of producer-specific scalars

providing input-oriented measures of the techniefiiciency in variable input use and
dynamic factor use, respectively. Let® and Dqu denote a strictly nonnegative vector of

behavioural variable input price and behaviouralaiyic factorsw® 00Y and 0,J° 00,
respectively. Similarlyw® and Dqu can be expressed in terms of actual price of bkmia
and dynamic factors asw®=Aw (n=1..N) and 0,J°=%5,0.,J%(q=1..Q),
respectively whereA and £, are allocative inefficiency parameters for the mtriable
input and the gth dynamic factor, respectively.

Consider the behavioural input prices and quantity, DPE for the firms’ intertemporal cost
minimization behaviour can be expressed as

() WL Y =W g+ 0,37+ P (Y- F (0,67 D) +0,°



where )* is the behavioural Lagrangian multiplier definesl the short-run, instantaneous
marginal cost{],J" is the shift of the behavioural value function.

Differentiating (2) with respect tp and w® yields the behavioural conditional demand for
1

the dynamic and variable factors, respectively. ngsi)® = rq‘lq and x" =1 "X, the
optimized demand for the dynamic and variable fscyoeld

@) a=19"=7,0,3")"Qr0,3°-q-0,J")

4 x=tx°=1tA}r0,3°-0,3"¢"-0,3")

whered ,J°=A,0,J°

The value function in actual prices and quantiéigshe optimal level can be defined as
(5) rJ*(=w'x"+p'q+0,J*q" +0,J°

Differentiating (5) with respect tqo and w, and applying the same step as for the
behavioural value function yield

6) ¢ =(05,3") 7 (r0,3% -q-0,J%)

(7))  x=(0,3*-0,J3"q-0,J%)

Using the behavioural demand function in (6) and tfre value function in actual prices and

guantities (5) can be written as
@) Ay = wrAN(r0,3°-0,3" (0,3 (r0,3° -q-0,3") -0,3")
+p'q+g, 0,37, (0,3°) (r0,3° —q -0,3°) +0,3°

where 0,J* =[0,J° implying a shift in the behavioural value functisnthe same proportion
as that in the actual value function.

Differentiating (8) with respect tp, g andt (neglecting third derivative) and substituting
into (6) yields
[/ r+,EA(0,3° + 0,3 (0,37 )0, 3° -1/ 1) -£0,,3°] =
[, A7(0,,9° - 0,37 (0,9% )*0,,3°) +

(9) -1 b br -1 b b br -1 b
rr 0, 0% (0,97 )*0,,3° - 0,3% (0, 3% )0, 3]

-1 b
+(1-1,20)0,9°)

Similarly, differentiating (8) with respect tv, g andt (neglecting third derivatives) and
substituting into (7) yields



rw(@,,3°-0,,3°(0,,9°)70,,3%) +r0, 3°
"m0 d° + 0,370, 3°) M0, 0°
(10) +r 2 i, 3% (0, 3% M0, 3° ~ 0,3 (0, 3%) 0,97
~ 4 T A (O d° =gy 37 (04 3°) H(0gp 3° =1 /1) +7,0,,3°)
~ 4T B (043" (0,370, 3%)

= T,A

The dynamic efficiency model in the presence offficencies consists of the actual
conditional demands for dynamic factors in equaf)rand variable inputs in equation (10).

3. DATA DISCUSSIONS
3.1. Definition of Variables

The empirical analysis focuses on agricultural patidn in Poland using a balanced subpanel
of the Polish FADN dataset for the period 2004-200# our analysis, the production
technology of Polish farm is presented by one dut@riable, four variable inputs (i.e.
labour, overhead, crop input, livestock input) ame quasi-fixed factors (i.e. land and
capital). Labour and land were given in physicauts, e.g. total labour input expressed in
annual work units (= full-time person equivalent)datotal utilized agricultural area in
hectare, respectively. All other inputs and outpugse provided in nominal monetary values.
Capital input comprises land improvement, permareops, farm buildings, machinery,
equipment and the breeding livestock. Material tnpucrop production is the aggregate of
fertilizer, seed, pesticide and other inputs expanel for crop production. Material input in
livestock production comprises feed and other ingxpenditure for livestock production.
Overheads include expenditures for energy, mainmapurchased services and other not
assignable inputs.

The volume of capital input was captured by dividthe capital input by the price index of
fixed assets. This index was only available for tla¢ional level. Rental prices for capital
were derived by calculating the product of the giitdex of fixed assets times the sum of the
nominal interest rate and the depreciation rategélson 1963). The latter two variables were
calculated from the data $ePrice indices for variable inputs were only aablié at the
national level. Farm specific prices indices were derived usirgfollowing procedure: First
we calculated the volume of the individual inpuysdividing the data in current prices by the
corresponding price index at the national levetddd, for each of the three categories the
corresponding inputs were aggregated. Third, thetioas of input in current and constant
prices constitute the farm specific price indices.

No reliable price information for land and laboure aavailable from Polish statistics.
However, the data set contains information on lams and wages paid for some firms. Farm
specific prices were calculated in the followingrmar. First the available information was
regressed on several farm specific indicafoi#e used this information in a stepwise
procedure to find the best fit between prices agtassors. The estimation results were then
used to determine the factor prices for each farm.

! The Farm Accountancy Data Network (FADN), Soutttp://ec.europa.eu/agriculture/rica/

2 Depreciation rate was by the relation of deprémiaand fixed assets. The interest rate was thaioel of interest paid and the amount of
proportion of interest paid and long and mediurmtérans.

3 All price indices were taken form national statisand the EUROSTAT website.

“ These includes dummy variables on specialisatam size in European Size Units, location by Wajsloip (e.g. region), altitude of the
farm, the existence of environmental limitatiot® &vailability of structural funds and the edumaievel of the farmer.



Table 1: Descriptive statistics of the variableg)2-2007
Pomorze and Mazury Malopolska and Pogérze

Variable Mean Std.. Min Max Mean Std Min Max
Pe P_CROP 1.003 0.200 0.749 1.477 1.037 0.200 0.731 1.488
Pa P_ANIM 1.026 0.039 0.910 1.457 0.971 0.044 0.378 1.072
py P_OUT 1.017 0.102 0.767 1.408 0.999 0.101 0.771 1.357
Ye X_CROP 80,498 137,764 341 3,555,780 44,965 75,273 739 1,289,640
Ya X_ANIM 123,552 274,984 40 5,539,070 68,915 129,130 521 2,256,540
y X_OuT 204,050 339,487 10792 6,063,050 113,880 176,891 2,727 2,529,410
Share on crop production 42.2% 22.7%  0.2% 100.0%| 43.3% 21.8% 0.4% 99.1%
w P_LAB 13,966 813 12,010 17,739] 14,195 937 12,010 19,140
W, P_CRP_I 1.002 0.056 0.927 1.173 1.002 0.061 0.929 1.186
W3 P_ANLI 1.003 0.074 0.925 1.083 1.003 0.074 0.925 1.083
A P_OVER 0.988 0.035 0.915 1.082 0.987 0.036 0.916 1.242
P P_LAN 225 41 116 340 227 51 113 374
Pk P_CAP 0.924 0.521 0.006 4.370 1.093 0.611 0.033 3.607
X1 X_LAB 2.075 1.148 0.510 16.900 1.916 1.048 0.250 18.420
Xo X_CRP_I 31,279 50,165 228 1,080,980 15,130 27,013 105 442,185
X3 X_ANIL_I 69,638 183,282 88 3,450,370 33,569 66,487 264 823,026
X4 X_OVER 21,217 29,872 849 733,522 11,395 17,707 647 316,292
| X_LAN 48.9 58.3 2.0 699.1 21.2 25.2 0.4.2 253
k X_CAP 764,458 745,718 28,719 1,0948,30Q 458,427 529,251 49,035 8,947,220

Total of 5,480 observations; 3,012 for the Northioa and 2,468 for the South region

For output we could resort to regional price infaton on farm products. We used this
information to constructs multilateral consistefrriquist Theil Indices for crop, animal and
total output using the approach developed by Catved. (1982). The output volumes were
given the relation of data in current prices areldhtput price indices.

Figure 2: Polish FADN regions

L8]

785Pomorze and Mazury

790Wielkopolska and Slask
795Mazowsze and Podlasie
800Malopolska and Pogorze

Source: http://ec.europa.eu/agriculture/rica/regiaies_en.cfm?CodeCountry=POL

3.2. Selection of Regions

The data set covers all Polish FADN regions, howegdlee to the disparity across regions,
this paper focuses on farms located in 2 regioos)d?Pze and Mazury (785) in the northwest
and Malopolska and Pogorze (800) in the southdd3bland. A total number of 1,470 farms
were extracted from the data, 763 in Pomorze andukaand 617 in Malopolska and
Pogorze. Figure 2 illustrates the location of farmeach region. These regions were selected



because of the pronounced differences in produdtarctures (Table 1). Compared to the
Malopolska and Pogorze, the Pomorze and Mazury béxhiigher levels of labour
productivity (by 40%) and capital productivity (896). They, however, have lower levels of
land productivity (by 23%), crop productivity (by8%), animal productivity (by 14%) and
overhead productivity (by 4%). Moreover, the nordistern region is characterized by
comparatively large enterprises, while the Southisadominated by rather small farms.

This structure finds its expression in the amounproduction as well as in the intensity of
input use. Farms in Pomorze and Mazury operateetwis much land as farms in the
Southeast. The other inputs per farm are also deratble higher in the Northwest. However,
since labour input is about the same in both regjiagriculture in Malopolska and Pogorze is
more labour intensive than in Pomorze and Mazumg fegional diversity in input use results
in corresponding differences in the amount of pobidm. However, there is no pronounced
regional specialization of production. In both @, about 40% of total production results
from crop production (table 1). Given the diversifyinput use among the regions we expect
pronounced regional differences in the exploitatmnproduction possibilities (technical
efficiency). In addition, we assume that considirabifferences regarding allocative
efficiencies exist.

Table 2:  Farm specialization in each region, 200872(Percentage share)

Year
2004 2005 2006 2007
Malo- Po- Malo- Po- Malo- Po- Malo-

Pomorze/| polska/ | morze/ | polska/ | morze/ | polska/ | morze/ | polska/
Specialization Mazury Pogérze| Mazury | Pog6rze| Mazury | Pog6rze| Mazury | Pogorze
Field crops 18.5 21.8 17.7 19.4 17.p 17(8 11.0 21.5
Dairy cattle 20.3 8.9 211 9.7 21.4 11p 21y7 120
Grazing livestock 2.8 4.9 2.5 5.8 3.2 6.B 513 618
Granivores 8.8 7.6 10.2 8.3 10.6 D 109 9.1
Mixed farms 49.6 56.8 48.4 56.9 47.1 560 451 50.6

Table 2 shows types of farm production specialmatiarying in each region over the study
period. Farms in both regions tend to specializeising dairy cattle, other grazing livestock,
granivores, a variety of field crops, or mixed farr@ver the study period, mixed farms are a
common specialization in these regions accountorgniearly 50% in thdPomorze and
Mazury and more than 50% in thilalopolska and PogorzeThe dairy cattle farms are
another specialization in tfBomorze and Mazurgiccounting for 20% followed by the field
crop farms, granivroes and grazing livestock faringhe Malopolska and Pogorzéhe field
crop farms are another specialization accountin?@% followed by the dairy cattle farms,
granivores and grazing livestock farms. In bothioeg, the mixed farms tend to decrease
over the year while the dairy cattle farms and iy@es tend to increase. It has been observed
that 243 farms in thBomorze and Mazurgnd 210 farms in thielalopolska and Pogorzead
switched the specializations over the study period.

4. ECONOMETRICMODEL

Equations (9) and (10) constitute a system of gfiestl and variable factor demands that can
be estimated using appropriate econometric appesacHowever, before presenting our
estimation strategy, a few more ideas regarding eh®irical implementation will be

presented. Our empirical model distinguished betw#dee two quasi-fixed factors, net
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investment and land. In order to ease the derinaintd the empirical setup we assume that
both net investment and land are independent. Utidsrsimplifying assumptionﬂqub,

0,Jd° and 0,,3° are diagonal matrices, e. g. the off-diagonal eletsiJ;, , Jo , J; and
Jﬁkpl are each equal to zero. Therefore, the demandiequy8) becomes:

K(Yr +1, 3300, )30, + 30, —Yr)-5130, )

(11) =1t AW (30, —Je (36 )M 300 )
+qu;1( r‘]IE( ‘JIEpK )_1‘J|;kpk - Jtlh;(‘]fn( )_1‘Jgkpk )

PYr+1,87 (3 (I ) 95, + I ~Yr)-5730)
(12) =T AW (3, — I (35 )1 0p,)
+1, 2703 )30, =30 3p )30 ,)
In addition, the demand for variable inputs (10diien by:

) AlW(rDWWJb—rDMJb(DmJb)lDkaJb—rD,WJb(D,pr)1DWHJ”)]
X =1,A,

+r0,J°-0,,3°+0,,3°(0,, 3°)*0, 3° +0,,3°(0,3°) 0, 3°
T E (1336 ) up, ~ (T ) Jup, )
(13) T8 (137 (35 ) Jup — 3 (Jp ) dup ) +
. TXA,E(JEW = 3036, ) (3, —Yr)+ 13, )}
_ko

T8 (Ja( i ) )

—|.° TxA;l( ‘]ﬁv - Jﬁv(‘]@' )_l( ‘]Ilr)m _]/r )+T;l‘]|sv )
F B (305 )05, )

Equations (11) to (13) form the system equatiorthef dynamic efficiency model in the
presence of inefficiencies. To estimate the dynaefiiciency model, one must specify a
functional form to the behavioural value functidn. addition, all inefficiencies must be
specified to implement the estimation of all cogéfint parameters of the behavioural value
function. A quadratic behavioural value functiosw@sing symmetry of the parameters can be
expressed as

(14) JI°(=B,+w'p +%W'BW ,

where w' = (Wb P P Kl yt); p and B are a vector and a symmetric matrix of parameters,
respectively.
The system (11) to (13) is recursive with the emshmgyis variables of net investment and land,

serving as an explanatory variable in the variabput demand equations. Because of this
structure, estimation can be accomplished in tages. In the first stage, the optimized actual

® The behavioral value function in equation (25) masatisfy the following regularity conditionsl’() is nonincreasing ink( I);
nondecreasing im{, pi, P, y); convex ink, I) ; concave in®, pi, p)) and linearly homogenous iwf, py, p)).
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investment demands in capital and land are estdnbte using the maximum likelihood
estimation (MLE). In the second stage, since thenoped actual variable input demand
equations are overidentified, the system of vaeiabput demand equations is estimated by
using a generalized method of moments (GMM) estonagiving all parameter values that
were obtained in the first stage. The consisterfichesystem GMM estimator relies upon the
assumption of no serial correlation in the idiogwtic error terms. Following the Newey and
West (1994) procedure, a lag of two periods (oméogg of autocorrelation terms is used to
compute the covariance matrix of the orthogonaldgditions for the GMM estimation in the
northwest (southwest) model. Another essentialraption for the consistency of the system
GMM estimator crucially depends on the assumptibexmgeneity of the instruments. The
validity of the instrument variables is tested bgrfprming the Hansen’s (1982) J-test of
overidentifying restrictions. Under the null hypesits of orthgonality of the instruments, the
test statistic is asymptotically distributed as-stuarewith as many degrees of freedom as
overidentifying restrictions. The null hypothesald to reject implying that the additional
instrumental variables are valid, given a subsé¢hefinstrument variables in valid and exactly
identifies the coefficient.

5. EMPIRICAL RESULTS

The dynamic efficiency model defined in sectionath be viewed as the perfectly inefficient
model. When all inefficiency parameters in dynaamcl variable factors are equal to one, the
model is reduced to the dynamic intertemporal caisimizing firm as presented in Epstein
and Denny (1983). In this section, the analysisirizeqy estimating two models; (a) a full
model is based on the assumption that firms aregér inefficient in dynamic and variable
factor demands. This model allows capturing allffioient parameters in the dynamic
efficiency model. Following Cornwell, Schmidt andcl8es (1990), all allocative and
technical efficiencies of dynamic and variable dastare specified to vary across production
specializatiof and through time, and (b) a restricted model seHaon the assumption that
firms are perfectly efficient in dynamic and vatalfactor demands. The restricted model is
estimated by setting all inefficient parametershef full model equal to one.

A hypothesis test regarding the presence of thiegteefficiency in production is conducted
using the likelihood ratio (LR) test. The LR testapproximately chi-square distributed with
the degrees of freedom equal to the number oficastrs. Table 3 presents the estimated
coefficients and standard errors for the structpembmeters of the dynamic efficiency model
in both model<. The estimation results from both models are similed provide the same
sign for all parameter estimates except for theneged parameter$usws, Bwowa, Pwal, Pwat
andp;. Most coefficient estimates particularly the fisstler coefficient are significant at the
95% confidence interval using a two-tailed testegtdor the estimated paramet@is and
Bws In the restricted model. The LR test of the nyjpdithesis that firms are perfectly efficient
in dynamic and variable factor demands is rejeatatie 95% confidence level.

® Types of production specialization are classified 5 categories: field crops, dairy cattle, gnagiivestock, granivores and mixed farms as
described in section 3.
" The full set of estimated coefficients includitg tdummy variables used to calculate all inefficieparameters of dynamic and variable
inputs are not reported.
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Table 3: Estimated parameters of the dynamic efiicy for the full and restricted models
Full Model Restricted Model Full Model Restricted Model
Estimates Std Err Estimate Std Er Estimafes Std Er Estimate Std Err
Bo -0.152" 0.022 -0.614 0.082 Bwaws 5.757" 2.864 2.883 1.780
By 0.015" 0.005 0.009 0.003 Bwows | -3.059 2.615 3.361 1.449
Bu 0.018 0.04 0.055 0.033 | Bwzpk 0.056 0.403 0.464 0.236
Bwz 0.320° 0.212 0.248 0.209 | Buzpl 1.993 1.107 0.480 0.539
Bus 0.289" 0.025 0.197 0.142 Buwak 0.131 0.436 0.789 0.234
Bua 0.086™ 0.021 0.187 0.023 Bwai 0.187 0.375 -0.704 0.200
Bok 0.209" 0.002 0.381" 0.002 Buay -0.294 0.427 -0.169 0.222
B 0.011" | 0.004 0081 | 0014 B | 1013 | 0599 | - 4772 | 6817
B -0.800™ 0.002 -0.180° 0.002 Buapk -1.936 1.826 -0.989 1.337
B -0.027" 0.001 -0.267" 0.015 Buapl 7.213 4.624 0.683 2.846
By 0.128" 0.002 0.430° 0.017 Buak -8.368" 1.769 -4.940° 1.214
Buat 0.748 1.116 1.663 0.475 | Bua 4.776” 1.502 1.503 1.009
Buat -1.151 3.835 -2.399 3.528 | Buay 1.072 1.702 1.755 1.125
Bust | -0.346 0.262 0.086 0219 |Buspc | -0961° | 0185 | 1188 | 0171
Bokt 0.335 0.493 0.514 0.443 | Buapl -0.888 0.528 -1.094 0.534
Bot 1.895* 1.149 0.997 0.932 | Buax -1.347" 0.218 -1.317 0.22
Bre 0.642 0.49 1.377 0.402 Bual 0.139 0.201 0.091 0.202
B 0.605 0.406 -0.02 0.331 | Buay 0.709™ 0.223 0.647" 0.224
By -0.853 0.453 -0.73% 0368 By« | 83897 | 2011 | 43628 | 0313
Buzwz | 23.002" 3.296 13.90% 3.236 Boky -9.681" 0.319 9.71% 0.292
Busws | 1.280 14.762 -7.647 10102 By | 36.798" | 7115 | 20036 | 078
Buawa | 0.7647 0.185 0.728 0.186 | Byy -1.499 0.866 -2.050 0.858
Buok | 0.153" | 0.004 0152 | 0.003 |[py, | - 9524 | 0379 | 9475 | 0379
Boipl 0.047 0.032 0.040 0.032 [Py -1.791" 0.249 -1.908 0.247
Brx -0.131" 0.005 -0.12% 0.005
Bu -0.021™ 0.003 -0.027" 0.003
Byy 0.120" 0.004 0.120° 0.004

Note: Full model refers to the dynamic model in pinesence of the perfect inefficiency while thenieted
model refers to the dynamic model with assumingnalfficiency parameters equal to one.
& Price of labour (W) was normalized. Subscripts g, coefficients refer to price of nth inputs: 2 =gr8 =
livestock; 4 = overhead; 5 = capital; 6 = land. &nthe assumption that the quasi-fixed factor, dklaare
independent, the estimated paramef&§spipi, Bipk andPpip are assumed to be zero.
* significant at 10%; ** significant at 5%; *** sigificant at 1%. The regressions that also includi@mhy
variables used to calculate all efficiency paramseté dynamic and variable inputs are not reported.
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Table 4: Estimated parameters of the dynamic efiicy for the North and South models

Northwest Model Southwest Model Northwest Model Southwest Model
(Pomorze and Mazury (MaIIDoOp;(;?IZ%and (Pomorze and Mazury) (MaIIDoOp;(;?IZ%and
Estimates Std Err Estimatg Std Enr Estimales Std Br Estimate Std Err

Bo -0.202" | 0.034 -0.108" |  0.032 | Buzws 0.444 0.143 9.059 4.398
By 0.065 0.726 0.011 0.008| Buzws | -0.682 0.385 0.477 0.422
By 0.052 0.062 -0.030 0.06 | Buzok 0.074 0.058 -0.113 0.063
Buz 0.154 0.329 0.243 0.319] Buzpl 0.269 0.165 0.098 0.177
Bus 0.521" | 0.213 0.410" | 0.224 | Buax 0.068 0.066 -0.134 0.069
Bua 0.069" | 0.017 0.085 [ 0.017 |Pua 0.195" 0.062 0.18% 0.053
Bok 0.179" | 0.003 0.20T" | 0.003 |PBuay -0.1727 0.064 0.23%4 0.061
Bol 0.103 0.224 0.016 | 0.007 |PBuswa 2.891 1.580 0.600 1.714
B -0.579" | 0.002 -0.789" |  0.003 | Buspk -0.027 0.228 -0.788 0.274
By -0.1257 | 0.011 -0.326" | 0.028 | Bugpi 0.331 0.703 1.063 0.738
By 0.136" | 0.003 0.137" | 0.002 | Buasx -0.597" 0.261 1.137 0.268
Buzt 0.099 0.168 0.026 0.174( Bua 0.716" 0.251 -0.066 0.213
Puwat -0.069 0.572 -0.099 0.584 Buay 0.120 0.024 0.67% 0.241
Puwat -0.056 0.039 -0.011 0.043 [ Buapk -0.087" 0.026 -0.148" 0.031
Bokt 0.001 0.007 -0.002 0.008 Buapi -0.153 0.076 -0.110 0.093
Bot 0.034" 0.017 -0.013 0.019 | Buax -0.146" 0.032 -0.117 0.036
i 0.009 0.007 -0.010 0.008| Buai -0.013 0.030 -0.008 0.031
Bic 0.021" | 0.006 -0.009 0.006 | Buay 0.093"” 0.033 0.046 0.036
Byt -0.021" | 0.006 0.02I" | 0.007 |Bo 97.651" 2.256 75.465% 2.137
Buawz | 31.4287 | 5.152 10493 | 5.143 |PBoky -0.114" 0.004 -0.128 0.004
Busws| 4.591 4.136 5.259 7.622| B 71.547 17.382 61.018 | 13.256
Buswa| 0.808" | 0.275 1.284° [ 0.301 |Byy -0.031" 0.013 -0.038' 0.014
Bk | 0.1637 [ 0.004 0.170" | 0.005 |[By -0.098" 0.005 -0.123 0.005
Bup | 0080 | 0.047 0.033 0053 |p, | 0.036° | 0004 | 0.025 | 0003
B -0.137" | 0.007 -0.158" |  0.006

By -0.039" | 0.005 -0.020° | 0.004

Byy 0.138" [ 0.006 0.157° |  0.006

Note: The northwest model refers to the full dymagfficiency model using the data in the Pomorz an
Mazury while the southwest model refers to the dythamic efficiency model using the data in the dpallska
and Pogorze.

2 Price of labour (W) was normalized. Subscripts g, coefficients refer to price of nth inputs: 2 =gr8 =
livestock; 4 = overhead; 5 = capital; 6 = land. &nthe assumption that the quasi-fixed factor, dk laare
independent, the estimated paramef@sPipi, Pipk andPywpiare assumed to be zero

* significant at 10%; ** significant at 5%; *** sigificant at 1%. The regressions that also includi@mhy
variables used to calculate all efficiency paramseté dynamic and variable inputs are not reported.

We conduct another hypothesis test to investigiether farms operated in different regions
have identical production technologies. Thereftie, estimation of the full model using the
data of all farms (table 3) is compared with thénegtes using the data in each region
separately. The estimated coefficients for each ehaging the data in the northwest
(Pomorze and Mazury) and southwest (Malopolska Rogdorze) regions are presented in
table 4. The estimation results from each model alhdirst-order coefficients have the
similar sign except for the estimated paramet@isva, PBwzpk Bwaks Pwzys Pwaks Pwals Bpkt Pplts

Bke, P andPy. Most coefficient estimates particularly the ficstler coefficient are significant
at the 99% confidence interval except for the estist parametef,, andpp. The LR test of
the null hypothesis that the group-specific techg@s are identical is rejected at the 95%
confidence level, implying the group-specific teclugies are not the same. Therefore, the
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following empirical results will be discussed usthg estimates obtained from the northwest
and southwest models. Consequently, the paramgtienages in table 4 are used for further
discussion of results.

The partial adjustment coefficient of quasi-fixeactbrs is defined av =(r—(,8qpq)‘1 )

whereq=k,| (Epstein and Denny 1983). Assuming a discountabb, the findings show

that the estimated adjustment rate of the quasdfiactor to its long-run equilibrium level is
relatively low in both regions. In the northwestnfes, the estimated adjustment rate is 4.0%
per annum by capital and 3.6% per annum by land, miay take capital approximately 25
years and labour approximately 28 years to adjkt fo its long-run equilibrium level. The
southeast farms, however, takes much longer timadjost both capital and land to their
long-run equilibrium. The results indicate thathe southeast farms the estimated adjustment
rate of capital and land is 3.7% and 3.4% per anmaspectively, or it may take capital and
labour approximately 27 and 30 years respectiveldjust fully to their optimal level. These
results imply that the sluggish adjustment processeést in Polish agriculture. The findings
are consistent with former analysis of farm sizeetigoment in Poland (Goraj and Hockmann
2010).

Table 5: Technical and allocative efficiency ovard and by specialization

Efficiency Northwest region Southwest region
scores (Pomorze and Mazury) (Malopolska and Pogérze)
By year
2004 2005 2006 2007 2004 2005 2006 2007
TE(q) 0.582 0.534 0.532 0.622 0.491 0.468 0.491 4®.5
TE(X) 0.601 0.571 0.552 0.615 0.623 0.590 0.475 73.5
AE(K) 0.627 0.654 0.64 0.581 0.393 0.409 0.422 ®.43
AE(l) 0.785 0.811 0.813 0.797 0.676 0.695 0.703 06.7
AE(w5) 0.752 0.746 0.736 0.723 0.900 0.895 0.895 0.891
AE(ws) 0.600 0.599 0.587 0.563 0.691 0.695 0.675 0.651
AE(Wy) 1.398 1.322 1.292 1.300 3.156 2.513 2.074 2.15]
By specialisation
Field Dairy | Grazing| Grani- Mixed Field Dairy | Grazing| Grani- Mixed
crops cattle | livestock| vores farms crops cattle [ livestock| vores farms
TE(q) 0.555 0.563 0.568 0.61p 0.544 0.4f0 0.459 40.4 0.443 0.508
TE(X) 0.572 0.583 0.603 0.63¢ 0.540 0.606 0.978 63.5 0.548 0.540
AE(K) 0.633 0.636 0.649 0.57¢ 0.626 0.392 0.401 940.3 0.413 0.423
AE(l) 0.817 0.803 0.778 0.78] 0.801L 0.684 0.6B4 8D.¢ 0.700 0.703
AE(W2) 0.721 0.761 0.755 0.728 0.741 0.908 0.908 90%9. 0.922 0.891
AE(W3) 0.624 0.602 0.623 0.51p 0.591 0.723 0.7135 7660. 0.714 0.667
AE(w4) 1.306 1.344 1.405 1.26 1.339 3.103 238  92.3 2.192 2.125

" TE(q) = technical efficiency of dynamic factor€E(k) = technical efficiency of variable inputs; A E
allocative efficiency of net investment in capitak(l) = allocative efficiency of net investmentlamd; AE(w)
= allocative efficiency of crop input; AE@v= allocative efficiency of livestock input; AEgv= allocative
efficiency of overhead input.

Table 5 presents average the estimated efficiemoyes. An estimate of the technical
efficiency of dynamic and variable factors is boeddetween zero and unity. The value of
technical efficiency scores equal to one impliest ttarm can minimize both dynamic and
variable factors to produce a given level of outfine estimated technical efficiencies of net
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investment in quasi-fixed factors over time rangenf 0.468 to 0.622 with an average of
0.536 whereas those of variable inputs range fraf8 @0 to 0.623 with an average of 0.576.
These findings imply that the Polish farms in ttisdy, on average, could have been reduced
the dynamic and variable factors by 46% and 42%peetively and still produce the same
level of output. The average value of the northwash technical efficiency is 56.7% (for
dynamic factors) and 58.5% (for variable inputsprthwest farms achieved higher technical
efficiencies than southeast farms (approximatel§o Iigher by dynamic factors and 3.5%
higher by variable inputs). The estimates furtheovs that technical efficiency is slightly
improving over times. This holds for both regioNkreover, the average differences between
the specialisation within the regions are pronodn¥éhat matters is the regional effect while
the specialisation effect appears to be marginal.

In general, allocative efficiency scores are bounetween zero and unity. The value of one
implies that farm can use the dynamic factors itinogl proportions given their respective
prices and the production technology. Average fallocative efficiencies of net investments
in capital and land are 0.529 and 0.753, respdygtiVdese results suggest that Polish farms
could potentially reduce the net investment in s@nd land demands by 47% and 25% to
their cost-minimizing level of factors. The averagdue of the northwest farm allocative
efficiencies of net investments in capital and laad0.625 and 0.802, respectively. The
findings indicate that the northwest farms haverage farm allocative efficiency of dynamic
factors both capital land higher than the southfeasts.

Following the shadow price approach, the priceabblr input is arbitrarily specified as the
numeraire. The value of allocative efficiency ofrighle input demands represents price
distortions of the nth variable input relative twetlabour input. An estimate of allocative
efficiency of variable input demands less (gredtesh one means that the ratio of the shadow
price of the nth variable input relative to thedabinput is considerably less (greater) that the
corresponding ratio of actual prices. This imptiest the firms are overusing (underusing) the
nth variable input relative to the labour input.eTaAverage farm allocative efficiencies of
crop, livestock and overhead input demands are00.85629 and 1.848, respectively. These
results imply that Polish farms are over-utiliziogpps and livestock relative to the labour
input while they are under-utilizing overhead refatto the labour input. The average value
of the northwest farm allocative efficiencies oy livestock and overhead input demands is
0.739, 0.587 and 1.328, respectively. Comparedth¢osbutheast farms, the northwest farms
show a higher degree of over-utilization in crops éivestock relative to labour while they
indicate a lower degree of under-utilization in dhead relative to labour.

Table 6 gives information about the impact of tacAhchange on total cost and individual
input use. The figures are calculated using tharpater estimates of the behavioural value
function (2) and the input demand equations gidratd (4):

ag°

(15) 5 r0,J3°(0,J3%)™"
b
(16) aaLt =r[0,.9°-0,,9°(0,,3%)*0,,3°]

These expression provide the impact of technicaingh in absolute terms. The relative
changes ae estimated by dividing (15) and (16)3a6d (4), respectively. Besides the bias
we are interested in the effect of technical chaogeotal cost of production (in relative

terms). This is estimated Byn J°/ot whereJ® is given by (14).
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Table 6: Impact of technical change

Northwest Model Southwest Mode

(Pomorze and (Malopolska and
Mazury) Pogorze)
7 c 2004 0.01% -0.07%
8% 2005 0.03% -0.12%
£5 2006 0.05% 0.17%
=T 2007 0.07% 0.22%
Crop input 0.29% 0.08%
5 E @ Animal input -0.22% -0.28%
% £ 8 Overheads -0.17% -0.03%
DES Capital 0.01% -0.02%
Land 0.02% -0.02%

The impact of technical change on production, therall effect as well as its bias, are rather
low in both regions. It appears that only the Saetst could benefit from technical change in
the period under investigation. Farms in the Nogsinexperienced a (marginal) reduction of
the production possibilities. The impact on vamgbinputs had a similar structure between
the two regions: crop input using and animal andrlegad input saving. However, the sign
for the quasifixed inputs are opposite for the oegi In the northwest technical change was
factor using while in the Southeast is had a faséwming characteristics.

On the one hand these results are consistent hatlparameter estimates shown in Table 4
and the technical change indicators follow the peter differences. Moreover, the estimates
also provide that almost none of the parametersefdinical change is significant, implying
that that the impact of technical change on thedpebon structures in the period under
investigation can be disregarded. However, thigltés rather astonishing, since other studies
investigating a similar period report significamtsitive influences of technical change (Goraj
and Hockmann 2010).

6. CONCLUSIONS

Over the past two decades, Polish agriculture In@engone profound transformations. This
paper deals with the astonishing observation that frestructuring in Poland is rather
sluggish and there is no indication that this wefiange in the next few years. Contrarily, farm
size appears to be rather small, even the agrralilsectors is facing significant internal and
external threats like increasing competition ini@gture with other EU countries or
increasing the demand for labour from other seaibtbe overall economy.

This paper analyses this phenomenon by developidgeatimating a dynamic frontier model
using the shadow cost approach. The dynamic ctisteeicy model allows considering the
impact of allocative and technical efficiency, aslivas adjustment costs resulting from the
change of quasi-fixed input use. The model presemtethis paper extends the theoretical
literature insofar as not only one but multiple sjtiaxed factors are considered. In this paper,
the model is analysed using two quasi-fixed injgués land and capital). The data set used for
estimation was provided by the Polish FADN agerityncludes detailed information on
production and input use. However, the data habetosupplemented by information on
product and factors prices. These were provideddiipnal statistics and EUROSTAT. We
estimated the dynamic cost efficiency model for trabher distinct FADN regions (i.e.
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Northwest and Southeast). The first is charactdring for the Polish situation, larger farms,
while in the Southeast smaller farms are dominated.

The shadow cost approach does not given informéioimdividual firms, however, it allows

a detailed information of average technical andcallive efficiencies of the variable and
quasi-fixed inputs. The results show that adjustneasts are a relevant phenomenon in
Polish agriculture. Moreover, they have confirmbé bbservation already made from the
data that adjustment processes are very slugdishkds up to 30 years until Polish farms
moved to the optimal level of capital and land pturthermore, the estimates provide that
technical efficiency is a relevant phenomenon ithbegions for all inputs. Moreover, the
efficiency scores for both variable and quasi-fixeduts were rather similar, with slightly
higher figures in the Northwest. In general, batputs could possibly be reduced by about
50% while still producing the same level of outpMoreover, there is neither significant
indication that technical efficiency varies ovemd& nor largely differs among farm
specialisations. The last two conclusions also hiold allocative efficiency. However,
allocative efficiencies for land and capital arghar in the Northwest than in the Southeast,
implying that those farms replying more intensiviign the smaller farms in the Southeast.
Furthermore, the estimates provide that labourvierused in relation to overheads, but
underused in relation of crop and animal inputsisTholds for both regions, however,
overuse is more pronounced in the Northwest, whikruse is prominent in the Southeast.

We estimate a rather low impact of technical chaMygeover, the effects differ between the
regions not by size but only by direction. Givemest studies on Polish agriculture, these
results appear quite suspicious. This suggests weathave to improve the estimate

procedures, probably by using different estimatieohniques. This strategy is inevitable
since the present estimates provide rather unexgentsults the regarding allocative

efficiencies. Since Polish agriculture belongs lte most labour intensive in the EU, an
overuse instead of an underuse of labour is exgeSiace allocative inefficiency is inter alia

determined by the shape of the isoquants it ha®etochecked whether the curvature
conditions regarding the behavioural value funcaos satisfied and whether restrictions have
to be applied that guarantee that the value fndigdmaves well.
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