CDC 338.43: 519.8
Yana V. Dolgikh,
Ph.D., Associate Professor of Cybernetics and Informatics

Sumy National Agrarian University

DEA METHOD FOR ESTIMATING THE KEY RESOURCE
INDICATORS OF AGRICULTURAL ENTERPRISES
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Formulation of the problem. Recently a foreign practice widely used
methods of evaluating the performance based on the concept of the effective
frontiers for production capacity. Evaluation of efficacy based on the concept of
effective frontiers performed parametric and nonparametric methods. By
parametric methods, the effective frontier is constructed as the marginal
regression function. Nonparametric methods carry out a piecewise-linear
approximation of the effective frontier by methods of mathematical
programming. An advantage of using a non-parametric DEA method is the
ability to determine the optimal values of input and output data that allow the
company to achieve 100 % efficiency. Therefore, the use of DEA method for
estimating the key resource indicators of the agricultural enterprises of the Sumy

region that provide their 100 % efficiency is of great importance.

Analysis of recent research and publications. There are many scientific
papers devoted to the theory and practice of DEA method application in the
various sectors of the economy. The paper [11] provides an overview of 4015
scientific publications on the application of DEA during last 30 years. Analysis
of national scientific papers [2, 3, 5 and others] on the application of DEA
method in agriculture highlighted the need for further research on improving the

practical use of the method.



The purpose of the article is to determine, by DEA method, key resource
indicators for the agricultural enterprises of the Sumy region to make inefficient

enterprises 100 % effective when producing cereals and legumes.

Statement of the material. The idea of evaluating the efficiency based on
the concept of the effective frontiers for production capacity belongs to an
American scientist M. James Farrell [12]. In case a point in the input/output
space which corresponds to the analyzed company is situated on the effective
frontier, its activity appears 100 % effective. If the point is not on the effective
frontier, the activity of the company is ineffective. To assess the cost-
effectiveness, M. George Farrell offered to fix one of the input or output vectors,
and to change another vector in proportion to a certain ratio (performance
indicator) to achieve effective frontiers. Later this idea was developed by
A. Charnes, W. Cooper, and E. Rhodes [10], who have reduced the problem of
assessing the efficiency to the problem of mathematical programming. The
proposed method is called Data Envelope Analysis (DEA).

DEA models can be divided according to the following criteria: 1) returns
to scale: with constant returns to scale (CRS-model), and with variable returns to
scale (VRS-model); 2) focus: focus on input (input-model), the output (output-
model) or without orientation. In CRS-models, output parameters are changed in
proportion to the input. The variable return to scale in VRS-models is
characterized by disproportionate change of output parameters when changing
the input. Taking into account the variable returns to scale brings to the
definition of the greater number of companies as being efficient than at the
constant returns to scale. The effectiveness of that model is defined by CRS
called technical efficiency, and the model of VRS - pure technical efficiency. In
the input-oriented models, the set of input parameters for fixed output is
minimized, when in the output-oriented models, output vector is maximized

with fixed input vector.



Listed DEA models allow you to use various options for measuring
performance, therefore, one of the objectives of the study is the choice of the
model. Let us choose a model to assess the relative efficiency of agricultural
enterprises and identify the key resource indicators that allow inefficient
companies to become 100 % effective. In agriculture the increase in the use of
resources leads to decreasing rates of crop production. Therefore, VRS-model
should be used when assessing the effectiveness of crop production.

Efficiency measurement using a VRS-input model is based on the solution

of a linear programming problem [7]:
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where E - input-oriented net technical efficiency;

2, - coefficients of linear combination to be defined;
Xy =(X105Xag0%,0) s Yo = (Vio» Vaors Vo) —iNput and output vectors of the

enterprise that is evaluated;
X, = (XX s X,0)s Yo = (Vs Vogses¥y) — — Input and output vectors of the
k-th enterprise;
K — the number of enterprises to be compared;
d~, d* - additional variables that characterize the resources spent
inefficiently and insufficient productions respectively.
The nonsingularity condition for solution of problem (1)-(4) i1s [11]:

K > max{mx n; 3(n+m)}. ®))



The Malmquist productivity index is used to analyze the dynamics of
productivity changes for several years [8, 9].

Along with the selection of the DEA model type, important tasks for
investigators are the formation of the variety of objects to be compared and a set
of input and output parameters. Let us create an algorithm of statistical database
that forms input and output parameters for DEA model:

1) Formation of a variety of objects being evaluated by k =1,K . Testing them for
homogeneity (uniformity, the same level of aggregation for the analysis of
production activity, the same methods of calculating them as per time, etc.), and

the presence of heterogeneity of the modalities. If there are so-called

uncontrolled defined conditions over the system, then we classify objects k =1,K

into homogeneous groups;

2) Referring the index to input parameterx,, i=1,m, k=1,K if it relates to

resources, and its growth brings to reduced efficiency;

3) Referring the index to output parametery,, j=Ln, k=1,K if it describes the

result of production activity and its growth brings to increased efficiency;

4) Condition (5) test. If condition (5) is not satisfied, then back to the items in
the order. 1) 2) 3);

5) Elimination of mixing volume indicators and index numbers. All activities
must be expressed either in volume indicators, or in index number;

6) Taking into account inflation. If you plan to estimate relative performance for
different periods of time and there are cost parameters among™*, Y/ it is
necessary to list them adjusted for price index;

7) Testing indicatorsx, , y, for outliers and their rejection [1, 6]. The presence

of outliers leads to displacement of the efficiency frontier;

8) Testing availability of correlations between input parameters. For that we
calculate partial correlation coefficients and test them for statistical significance.
If there is a correlation between parameters, it is necessary to return to 2) and

adjust the set of input parameters. The easiest way to eliminate possible



correlation between indicators is to reject one of the indicators of the correlated
pair. However, the exclusion of the correlated indicators without more detailed
analysis is undesirable. Elimination of an important variable from the model
suggests error specification. Thus, it is desirable not to exclude the input

parameters x, until colinearity becomes a serious problem. To eliminate the

correlation, input parameters can be converted as follows: 1) take the deviation
from the average; 2) take relative values instead of absolute; 3) standardize
indicators, etc.

On the basis of statistical information for 2015 [4], the method of DEA
and the VRS-input model, the proposed research offers an estimate of pure
technical efficiency of agricultural enterprises of the Sumy region in production
of grain and leguminous crops and suggests such calculated input values
according to which the Sumy region economy will be 100 % effective.

Evaluation of the productive efficiency of the agricultural enterprises is
carried out for 13 districts of Sumy region (K =13), belonging to the same
natural-climatic zone - woodland. Thus the companies under consideration

belong to a homogenous group (the same climatic conditions and soil structure).

linput parameters of the model: 1) " - the area from which grain and

Xok

leguminous crops were harvested per 1 worker, hectare; 2) “2¢- the amount of

X3k

mineral and organic fertilizers on 1 hectare, quintal; 3) - the number of

tractors, units. Output parameter of the model: 1) Y- the production of grain
and leguminous crops, quintal. Table 1 shows input and output parameters of the
model for estimating net technical efficiency of grain and leguminous crops

production by district agricultural enterprises of the Sumy region [4].



Table 1 — Model input and output parameters for estimating net technical
efficiency of grain and leguminous crops production by district agricultural

enterprises of the Sumy region in 2015

Input Output
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1 | Bilopilsky 69,25 128 276 3322944
2 | Burynsky 139,71 106 207 2699540
3 | Velykopysarivsky 39,15 106 232 1280322
4 | Konotopsky 47,61 110 339 2345788
5 | Krasnopilsky 30,77 89 332 1456610
6 | Krolevetsky 35,94 141 221 1125531
7 | Lebedynsky 49,93 76 247 2751500
8 | Lypovodolynsky 22,45 74 425 1548971
9 | Nedryhailivsky 57,24 109 85 2068885
10 | Okhtyrsky 19,46 102 358 1465406
11 | Romensky 44,83 128 363 4567523
12 | Sumsky 27,72 112 480 2997482
13 | Trostyanetsky 37,20 114 125 1463806

Source: Department of Statistics in the Sumy Region [4]

Thus the number of objects under consideration: K =13; the number of
input parameters: 7 =3, and the number f output parameters: ”=1. Condition
(5) is performed.

Testing for availability of outliers was carried out by means of Dixon’s

ratio test [1]. Table 2 shows the calculated Dixon ratios to determine the least
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outliers in the sample values of input parameters and major outliers

in the sample output parameter »

Table 2 - Estimated Dixon ratios

Estimated values for Dixon ratio ("2) to determine the following:

least outliers in the samples of the input | major "outliesr" in the samples of the
parameters output parameter
X, Xy Xy Vi
0,166 0,278 -0,216 0,478

Source: Own calculations

Tabular Dixon ratio for K =13 is of significance level @ =0.05;

Fnazr = 0521 Qince 721 < masn , there are no outliers .in the studied samples.

a1 =

Foy =005 1y, ==039 0,18

Partial correlation coefficients: , and
were designed for correlation analysis of samples that form the input parameters
of the study. Low values of partial correlation coefficients show no linear

relationship between input parameters. The !- statistics: ‘2 =017 1 :_1’04,

fy = =051 gpe designed to test partial correlation coefficients for statistical

tl(

significance. The critical value “» ~2,23 was found for the significance level

@ =0,054nd degrees of freedom 7 ~m =10 in accordance with the table of critical

values of the Student’s t distribution for two-sided tests. Since ‘2, |t'3| , |t23| <l ,
there is no linear correlation between input parameters.

According to calculations, in 2015 agricultural enterprises of Lebedinsky,
Lypovodolynsky, Nedryhailivsky, Akhtyrsky, Romensky, Sumsky, and
Trostyanetky regions had net technical efficiency equal to 1. Estimates of net

technical efficiency of other districts of the Sumy region one can see in the

Table 3.




Table 3 - Recommended values of key resource indicators for the agricultural

enterprises of the Sumy region in the production of grain and leguminous crops

No Input Recommended
input
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1  Bilopilsky 0,871 69,25 | 128 | 276 50,29 | 111,49 | 240
2 Burynsky 0,92 | 139,71 | 106 | 207 |52,47| 97,85 | 191
3 |[Velykopysarivsky | 0,93 | 39,15 106 232 136,22 | 98,07 | 215
4 [Konotopsky 0,82 | 47,61 110 | 339 |39,06| 90,25 | 278
5  [Krasnopilsky 0,96 | 30,77 89 332 129,64 | 85,71 | 320
6  Krolevetsky 0,89 | 35,94 141 221 31,82 | 110,36 | 196

Source: Department of Statistics in the Sumy Region [4] and own calculations

DEA method allows finding the target values of input and output
variables that helps inefficient economy to become effective. Table 3 shows the
calculated recommended values of the input parameters by which the
agricultural enterprises of the Sumy region will be
100 % effective.

Findings from the study and the prospects for further research in this
area. DEA method allows finding the target values of input and output variables
that helps inefficient company to become 100 % effective. The paper
investigates the practical use of DEA method in order to determine such input
parameters that improve the efficiency of the company and raise it up to 100 %.
Further studies are planned for analyzing allocative efficiency of crop

production among agricultural enterprises of the Sumy region.



Hoarix 51.B.
Meron DEA npm owiHmi  OCHOBHHX  PeCypCHHMX  IOKAa3HHUKIB
ciIbchbKOrocnogapcbKux mianpuemMcTs Cymcebkoi 001acTi

i1 cTaTTi — BU3HaYuTH 32 MeTo1oM DEA 0CHOBHI pecypcHI MOKa3HUKHU
cuTbChKOTOCTIOAapChkuX mianpueMctB CyMcbKkoi 00y1acTi, IO JIO3BOJISITH
HeeekTuBHUM mignpueMcTBam ctatd 100 BiACOTKIB €(EKTUBHUMHU B Taly3i
BUPOOHHUIITBA 3€PHOBHUX Ta 36pHOOOOOBUX KYJIBTYP.

JlocnmipkeHHsT ~ BUKOHAHO  METOJaMHU  €KOHOMIKO-MaTeMaTUYHOTO
MO/ICJIIOBaHHSI.

[IpoananizoBaHO TEOPETHUYHI Ta METOJOJIOTIYHI acnekTu Mmetony DEA.
OOrpyHTOBaHO JOULUIBHICTh BUKOpUCTaHHA Mojeni VRS — input metony DEA
JUTSL OLIHKY €(heKTUBHOCTI CUTBCHKOTOCTIONAPCHKOTO BUPOOHUIITBA. PO3pobieHo
QIrOPUTM CTBOPEHHSA 0a3uW CTATHCTHUYHUX JAHUX, 0 (OPMYIOTh BXIAHI Ta
BuxigHi mnapametpu wmoaeiai DEA. Ha ocHoBi cratucTuuHOi iHQOpMalii
3MIHCHEHO OOYHMCIEHHS PIBHSA YUCTOI TEXHIYHOT €(EeKTHUBHOCTI BHUPOOHHUIITBA
36pHOBUX Ta 3€pHOOO0OBUX KYJIBTYpP CUIBCHKOTOCHOJAPCHKUX MIANPUEMCTB
paiioniB Cymcbkoi oOnacti 3a 2015 p. Po3paxoBaHi 3Ha4Ye€HHS PECYpPCHUX
MOKa3HUKIB, 110 J03BOJIATh HeePeKTUBHUM MianpueMcTBaMm ctatu 100 BiICOTKIB
e(eKTUBHUMU B Tajly31 BAPOOHUIITBA 3€pHA Ta 36pHOO0O0BUX KYIBTYP.

bibmiorp.: 12.

KitouoBi cnoBa: OCHOBHI pecypcHI IOKa3HUKI, BXIIHI Ta BHUXIAHI
MOKa3HUKI, YMUCTa TeXHIYHA epeKTUBHICTh, MeToa DEA, cinbchkorocrnogapchke

BUPOOHHUIITBO.

Hoarux 51.B.
Meron DEA jaas omnpeaejneHusi OCHOBHBIX PeCypPCHBIX MNOKa3areJei
CeJIbCKOXO03MCTBeHHbIX npeanpusaTuii Cymckoi o0actu

Lenp cratem — wmetonom DEA omnpenenuTs 3Ha4Y€HHS OCHOBHBIX

PECYPCHBIX TIOKa3aTeledl CENbCKOXO3AUCTBEHHBIX Mnpeanpuatuii  CymMcKoi



oOnactu, mno3BoJsAIONIME HEIPDEKTUBHBIM mpeanpuatusMm ctatb  100%
3¢ PeKTUBHBIMU B 00J1ACTH TIPOU3BOJICTBA 3€PHOBBIX U 36pPHOOO0OBBIX KYIBTYP.

HccnenoBanue MpoBeAEHO METOAAaMU HKOHOMHUKO - MaTeMaTH4eCKOTO
MO/ICJIUPOBAHUS.

[IpoaHanu3upoBaHbl TEOPETUYECKHE M METOAOJOTUYECKUE ACTEKThI
Meroga DEA. O6GocHoBaHa 1enecooOpa3HOCTh NMpuUMeHeHus monaenu VRS —
input merona DEA mns oueHku 3(G(EKTUBHOCTH CEIBCKOXO035HCTBEHHOTO
npousBocTBa. Pa3zpaboran anroputm co3ganus 0a3bl CTATUCTUUECKUX JaHHBIX,
dbopMupyIOUIMX BXOJHBIE U BbIXOJAHBIE MapameTpbl moaenu DEA. Ha ochoBe
CTaTUCTHUYECKOW WH(pOpMAIMU OllEHEHA 4ucTas TexHuuyeckas 3()PeKTUBHOCTH
MIPOU3BOJICTBA 3€PHOBBIX M 3€pHOOO0OOBBIX KYJIBTYpP CEIbCKOXO3WCTBEHHBIMU
npeanpusatusaMu paionoB Cymckoit obnactu 3a 2015 r. Paccuntanbl 3HaueHuUs
PECYPCHBIX MOKa3aTelel, mo3BoJisiomue HedHEKTUBHBIM MPEANPUSTUSIM CTATh
100% 3¢ dexTuBHBIMU B 00JaCTH POU3BOICTBA 3€PHOBBIX KYJIBTYD.

bubnuorp.: 12.

KitoueBble clioBa: OCHOBHBIE pECYpCHBbIE TIOKa3aTeld, BXOAHBIE U
BBIXOJIHbIE TOKa3aTelld, 4ucTas TexHudeckas s¢pdexktuBHOCTh, MeToq DEA,

CEJIBbCKOXO03IHCTBEHHOE IMpOU3BOACTBO.

Dolgikh, Yana V.
DEA Method for Estimating the Key Resource Indicators of Agricultural
Enterprises of the Sumy Region

The purpose of the article is to work out values of the key resource
indicators for agricultural enterprises of the Sumy region by DEA, allowing
inefficient enterprises be 100% effective in the production of grain and grain
legumes.

The study was conducted by methods of economic and mathematical
modeling.

The author has analyzed theoretical and methodological aspects of DEA
method, and substantiated the expediency of using the VRS-input model of DEA



to evaluate relative efficiency of the agricultural production. The algorithm for
creating a statistical database that forms inputs and outputs of the DEA model
has been developed. On the basis of statistical information for 2015, the author
has estimated net technical efficiency of grain and leguminous crops production
by agricultural enterprises of the Sumy region for 2015.

The author has calculated the resource indicators that allow inefficient
enterprises be 100% effective in the field of grain and grain legumes production.

Bibliography: 12.

Keywords: key resource indicators, inputs and outputs, net technical

efficiency, DEA, agricultural production.
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