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Short-term forecasting of agricultural raw materials resources as a basis for planning
the production of processing industries of the agro-industrial complex

The agricultural industry is among difficult economic systems. Expanded reproduction in agricultural indus-
try represents interrelation of biological, engineering, organizational and economic procedures. Branches of
agricultural industry are closely connected among themselves and with other branches of agro-industrial
complex. The main task of forecasting and planning the development of the agroindustrial complex is to max-
imize the volume of the end product of the agroindustrial complex and to approximate the volume and struc-
ture of production to the volume and structure of the needs in it. The final output of the agroindustrial com-
plex includes products used for personal consumption of the population, industrial consumption in non-
agricultural sectors, increase in reserves, stocks and exports. Products are supplied to the consumer mainly
through the sphere of circulation: state and cooperative trade, public catering, collective-farm market. A part
of production, passing the sphere of circulation, is consumed directly by the families conducting personal
subsidiary farm. Forecasting and planning of the development of agroindustrial complex is carried out on
subcomplexes which are defined proceeding from technological interrelation of production of final products.
An ultimate goal of agricultural industry - achievement of a steady rise of agricultural production, reliable
provision of food and agricultural raw materials to the country, the unification of the efforts of all sectors to
obtain high end results in accordance with the food program.

Keywords: agriculture, forecast, dynamics, growth indicators, raw materials, regional economies, asymmetry,
excess, priori distribution of the system.

Short-term forecasting resources of agricultural raw materials is the basis of current and operational
planning of production of processing branches of agro-industrial complex. At the same time, it is necessary
to estimate not only the total amount of resources for the planned year, but also the characteristics of changes
in quantitative and qualitative indicators of resources throughout the vegetative period.

Usually the expected volume, quality of raw materials and their dynamics are determined from observa-
tions of growing crops in trial plots. The indicators of the growth of agricultural crops are measured at cer-
tain points in the growing season. For example, in the sugar industry, from July 1 to September 20, annual
measurements of the mass and sugar content of the beet root are carried out. The expected rate of growth
beet in August and September is the basis for the adoption of the most important management decisions to
optimize the timing of the harvest and the start of sugar factories.

The President of the Republic of Kazakhstan N. Nazarbayev in his address to the people of Kazakhstan,
«The Third Modernization of Kazakhstan: Global Competitiveness», noted that «the agro-industrial complex
of Kazakhstan has a promising future. In many respects, we can be one of the world's largest producers of
agricultural exports. Especially, for the production of organic food. The brand made in Kazakhstan should
become the standard of such products» [1].

Usually the expected volume, quality of raw materials and their dynamics are determined from observa-
tions of growing crops in trial plots. The indicators of crop growth (ICG) are measured at some points during
the vegetation period. For example, in the sugar industry are carried out annual measurements of the mass
and sugar content of the beet root from July 1 to September 20. Information on the expected rate of growth
beet in August and September is the basis for the adoption of the most important management decisions to
optimize the timing of the harvest and the start of sugar factories.

We will call the crop growth characteristic curve showing the change ICG during the season, and the
characteristics of the sections - ICG values at discrete points corresponding to the date of the measurement.

Analysis of long-term statistical data on ICG in different sections of the growth characteristic gives
grounds to believe that ICG are random variables, and the growth characteristics themselves are random
functions of time.

We denote by Xi the value of ICG in section i of the characteristic, i = 1, ..., m. The uncertainty of Xi
is a consequence of a multitude of independent random influences (seed quality, weather conditions,
agrotechnical factors, ICG measurement errors, etc.).
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Until the first measurements of ICG are received this year, these parameters serve as the only source of
information on the characterization of growth. However, they have very little predictive value, since in most
cases the values of Xi are strongly scattered around their averages.

With short-term forecasting, the use of a posteriori data - the measurement results at the initial segment
of the growth characteristic in the current season X;=x,, ..., X;=x; allows to significantly refine the predicted

*

values of the crop growth indices for the remainder of the vegetation period: X, ,..., X [2].

The best of the predicted growth rates of crops can be found using the apparatus of the statistical deci-
sion theory (SDT) [3].

According to SDT, the best estimates X, ..., X :1(0) are determined from the condition for minimizing
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a posteriori risk
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where L(xp:p,..., Xy X¥111,..., X,*) - loss function, which expresses the damage caused by the fact that as the
predicted values of crop growth indicators taken as X;, while in reality they are equal x;, i=/+1,...,m;

WX, X, [X | =X,,....X, =X;) — conditional density of subsystem probability of random variables

X X ,, > calculated on the assumption that X, ..., X; took values of x;,...,x; respectively.
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Since X, i=1, ..., m a priori distribution system is known, and

* 0 * 0 . * *
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sought X, ..., X (© are bayesian estimation of the quantities X, ,,..., X .

Negative economic consequences from the adoption of unreasonable planned decisions (wrong deter-
mination of the outputs, resource providing, etc.) are more weightful if the greater the error in forecasting the
expected harvesting of agricultural crops is [4]. Therefore, in the role of loss function L, it is advisable to
consider the sum of absolute values of prediction errors

L(X g X X s X)) = D[ = X7 | (4)

i=[+1

With regard to (4) economic sense of posteriori risk minimization procedure R is that the fact that any admis-
sible set of numbers X, ..., X ' are minimizing (2) and represents a set of predicted values of crops
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growth parameters that meet the minimum economic losses as long as the observed values Xj,..., X; are
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Further, we introduce the notation

T T T
U=|X, . X,|", U =[X.X|, U, =X X,|
T T T
A] = ||a1,-.., al| > Az = ||a,+1,..., am| s X = ||x1,...,xl| ,
K - K,

oSN
—_
=
ISR ¢ - N
. =

nm A K ee - JS‘::II-“'KI'J?I' “““““ K _211 212
Koy o Kiy Ky - K D 2

K, K

m,l+1 mm

118 BecTHuk KaparaHguHckoro yHusepcureTa



Short-term forecasting of agricultural raw...

From the properties of the multidimensional normal distribution, it is known that if we fix the values of
some set of random variables, then the subsystem of the remaining indicators will also be distributed accord-
ing to the normal law. According to the conditional distribution of the vector U, at fixed U, (described as W
density) - is a normal distribution with a mathematical expectation vector

M= HM{X1+1|U1 =X }""’M{Xm|Ul =X }HT =4, +Zzlz:(ll _Al) (5)

and covariance matrix
-1
V= 222_221211212' (6)

The values of the components of the vector x and the elements of the matrix v completely determine the
conditional probability density /¥ in the integrand (2).

*(0) * *
Since the absolute error (3) is used as L, the point X = HX zfl)) yeees X m(O)H at which the minimum (1) is
reached is the median of the conditional distribution of the vector U, for a fixed U,. Since for a normal dis-
tribution of the median coincides with the scattering center, the choice of

X, =m{X|U, =}, i=l+1,..,m, 7)
minimizes a posteriori risk R and thus solves the problem of synthesis of optimal predicted values of the in-
dicators of crop growth Xi*(o) ,i=1+1,..,m,.

It can be shown that the cumulative mean absolute error of ICG prediction by the proposed method

S:R(X*(O) ,X;(O)) - 2 Z D Xi|Ul : (8)

RS RERLE
i=l+1
where D{X i‘U 1} are the diagonal elements of the covariance matrix (6).

The algorithm for finding the optimal predicted values of the crops growth rates is based on the
relationship (5) (Table 1).

Table 1
An example of calculating the predicted values of the beet root weight
Ne Section number
algorithm Indicators 1 ) 3 4 5 6 7 2 9
steps
Calendar date 1.vII |{10.VII |20.VIT |1.VIII |10.VIII 0.VIT| 1.IX |10.IX |20.IX
1 Asymmetry 0,992 10,643 |0,158 |-0,165 |-0,148 |-0,216 |-0,211 |-0,131 | 0,008
Kurtosis 0,412 |-0,615 |-0,734 |-1,046 |-0,768 |-1,004 |-0,995 |-0,932 |-0,845
a, e 12,6 | 36,7 | 72,8 [121,3 |172,9 |216,2 |259,3 |292,8 |317,8
2 o, =+K,.e 8,3 18,7 | 26,0 | 33,6 | 374 | 43,5 | 46,0 | 46,5 | 48,4
A priori 68 143 178 205 192 198 185 157 135

covariance matrix | 143 350 462 547 546 563 542 487 439

>y S 178 462 678 834 855 | 923 925 864 816
K=|&"&2 || 205 547 834 1127 1208 | 1351 1368 1298 1252

3 D22 || 192 546 855 1208 1398 | 1582 1612 1556 1520
198 563 923 1351 1582 | 1888 1956 1909 1885

i j=1..09.¢ | 18 542 925 1368 1612 |1956 2117 2110 2129

157 487 864 1298 1556 | 1909 2110 2165 2225
135 439 816 1252 1520 | 1885 2129 2225 2343

Note. Source — compiled by the author on the basis of the application of the mathematical apparatus of the
statistical decision theory (SDT).
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As an example, we give the results of using the algorithm in relation to statistical data on the dynamics
of beet growth in the southern regions of the republic. The initial statistical mass represents ten-day changes
in the mass of the beet root during the vegetative period (from July 1 to September 20). In this case, m= 9.
Define the forecasted values for the state of the raw materials base on August 10 (i=5) (Table 2).

Table 2
An example of calculating the predicted values of the beet root weight
No Section number
algorithm Indicators 1 ) 3 4 5 6 7 3 9
steps
-1 ) -
>, e 0,128 0,025
! - oolel - 10,020 0,014
0,076/ " "10,045/0,017 |-0,007
4 0,025 0,055}-0,034 0,010
004587505 Logna
0,020{™" " "10,034-0,022 10,015
0,014 0,007 0,010
X 216,2 0,804 ~1,016 0,058 0,288
X700 [259.3 0,945 - 1,719 0,543 0,182
Xg*(o) 2928 0,580 —-1,885 0,762 —-0,004
X;(O) 317.,8 0,612 —2,348 1,000 —-0,056
5 x, —12,6
1,133
1’205 x, —36,7
1’308 x [x; =728
’ x, —1213
1,357
x; —172,9
‘ 05 05, € 10,0 |37,0 |87,0 {139,0 [198,0
0.2,..,0,, e 248,3 [297,7|334,3| 362,8
JDlx U }e 8.1 [134|17,5| 219
O renn Oy, € 246,0 [298,0(335,0| 361,0
«0) 0,94 1-0,12|-0,20| 0,50
o, =(X,"" —x,)-100/x,,%

Note. Source — compiled by the author on the basis of the application of the mathematical apparatus of the
statistical decision theory (SDT).

1. Testing the hypothesis of the normality of the random variables distribution X;, i=1,...,9, by estimates
of the quantities of asymmetry and kurtosis. At n = 28, the mean square error in the asymmetry is g,= 0.425,
the kurtosis is 0,=0.765. Thus, the hypothesis of normality can be accepted.

2. Determination of the a priori numerical characteristics: {a;, i=1,..,9} and K. It should be noted that
the strong dispersion of the initial statistical data around the averages is explained by the significant differ-
ences in the agrometeorological and economic-organizational conditions of beet cultivation in different sea-
sons.

3. The partition of the covariance matrix K into blocks and the allocation of submatrices

Zl 1 ’le ’221 i Zzz'

4. The inversion of the submatrix Zl .
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. _1 . . .
5. Calculation Zz X ,Zl . and the formation of a decisive rule (4).

6. Determination of optimal forecast values within known 0,,..., 0s.

From (4) it is clear that the optimum predictive values consist of a priori medium and additives, which
are linear combinations of the values of parameters intentional deviation crop growth from their average. The
value of these additives in this example is approximately 15 %, which indicates that a priori means can not
be taken as predictable values. At the same time, the relative prediction error calculated with the help of (4)
is 0.2 + 1.0 %, and the predicted values determined in accordance with (4) have significantly smaller vari-
ances than the a priori means [5].
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K.Kaxkcri6aes, 3.EckepoBa

ATrpoeHEepPKICINTIK KeIIeHHIH 6HAeYIli caaJapblH 6HEPKICINTIK OHAIPiciH
JKOCIapJiay Herisi peTinae aybul IIAPyallbUIbIFbI HIHKI3ATHIH
KbICKaMep3iMaik 0okay

Makanama aysll MIapyalibUIBIFbl €H KYPAeli SKOHOMUKAIBIK JKyHenepaiH 0ipi eKeHIIri Typaisl alThUIFaH.
AybUI IIapYaIIbUIBIFBIH/IA KEHEHTIINeH JKaHFBIPTY — OUOJIOTUSIIBIK, TEXHOJIOTHSIIBIK, YHBIMIACTHIPYIIBIIBIK
JKOHE PKOHOMHUKAIIBIK TPOLECTEPIiH ©3apa OaiiaHbIChl. AybUI HIAPYaIlIbLIBIFBl canaiapsl Oip-0OipiMeH jkoHe
arpoeHepkacinTik kemeHHIH (AOK) Oacka camamapbIMeH THIFBI3 OaiiIaHBICTEL. AyBUI IIApyalIbUIBIFBI
CaJacBIHBIH JaMyBIH OoJpKay »KoHe jkocmapiaynslH Herisri Mingeri AOK eHiMuepiHiH KeJeMiH XKoHE Ol
KaXXeT KeJleMi, KYPBUIBIMBI OHAIpic KejeMi MeH KYpbUIBIMBI COHFBI KO3Kapac OapbIHIIA KaMTaMachkl3 €Ty
Gonbin Tabbutaabl. COHFBI aybUl LIAPYalIbUIBIFBl OHIMICPIHIH KYpaMbl JKEKe TYPMBICTHIK TYThIHY, AOK
CHII3IIMEreH  CEKTOPJIApbIHAA HMHAYCTPUSUIBIK TYTBIHY, KOpJApIbIH ©Cyi, KOpJapbl, 3KCHOPTKA
nmaiJamaHblIaThIH OHIMACP jKaTaapl. OHIM, HETi3iHCH, alfHaaBIM cajachl OOWBIHINA TYTHIHYIIBIFA Kipei:
MEMJICKETTIK XKOHE KOOIEPAaTUBTIK cayla, KOFaM/bIK TaMaKTaHIbIPY XyHeci, Y)KbIMABIK IIapya KOXKaJbIFbl.
AWHATBIM CcaNachlH alHaJBII OTETIH OHIMICPAiH Oip Oesiri »eke KOCAIKbl ydacKelepdi OacKapaThiH
orbacbuiapMeH Tikened TyThIHBUIaAbl. boipkay sxoHe sxocmapiay AOK apkpuibl jky3ere achIpbUiajbl,
KOPBITBIHIBI OHIMICPIH TEXHOJIOTHSUIBIK OHIIPIC HETI3IHJE aHBIKTadaabl. AYbUI IAapyallbUTBIFBIHBIH TYIIKI
MaKcaThl — a3bIK-TYJIIK OariapiamMachlHa COHKeC >XOFaphl OHIMJIUIKTI KaMTaMachl3 €Ty YIIH OapibIK
CEKTOPJIAPBIHBIH KYII-KIrepiH OIpiKTipil, aybul IIapyamlbUIBIFEI ©HIMIEPIH OPHBIKTHI OCYiH, €NIIH a3bIK-
TYJIIK ’KOHE aybUl IIapyalIbUIbIFGI IIHKI3aTHIH CEHIMII KaOBIKTayFa JKETy.

Kinm co30ep: aypun mapyalbuibIFbl, 00KaM, KapKbIH, ©6CIM KOPCETKIIITEpI, IIHKi3aT, ailMaKThIK JKOHOMHUKA,
ACHMMETPHSI, XKYile apThIKIIBLIBIFBI, XKYHEHI anpropHaabl 0emy.
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K. XKaxkcribaes, 3. EckepoBa

KpaTtkocpouHoe NpOrHO3UpPOBaHHE PECYPCOB CEJILCKOX0351iiCTBEHHOTO CHIPbS
KaK 0CHOBA IUNIAHWPOBAHMS MPOU3BOCTBA NEePepadaThIBAIOIIAX
oTpacJieil arponpoMBbIIIJIEHHOT0 KOMILJIEKCa

B craTbe 0TMEUEHO, UTO CENBCKOE X035HCTBO OTHOCUTCS K YHCITY CIIOXKHBIX SKOHOMUYECKHX cHcTeM. Pacim-
PEHHOE BOCIIPOM3BOJICTBO B CETHCKOM XO3SIMCTBE MPECTABISIET COOO0H B3aMOCBSI3b OHOJNIOTHIECKHX, TEXHO-
JIOTUYECKUX, OPTaHU3ALMOHHBIX ¥ 3KOHOMHUECKUX IpoueccoB. OTPaciu CENbCKOTO XO35HCTBA TECHO CBs3a-
HBI MEXAy c000# U ¢ IpYrMMH OTpacisiMH arponpomsiinieHHoro komiiekca (AIIK). I'maBras 3amada mpo-
THO3MpOBaHUS W IuraHupoBaHus pa3ButHsi AIIK — wMakcuMmmsanust oObeMa KOHEYHOHM IPOIYKIHU
" IpubIImKeHne o0beMa M CTPYKTYPHI IIPOHM3BOJICTBA MPOAYKIUMU K 00BEMaM H CTPYKType IOTpeOHocTel
B Hell. Yka3zaHo, uTo B cocTaB koHeuHOH npoaykiuu AIIK BXoauT npoaykius, coyib3yemasi Ha JMYHOE T10-
TpebyieHne HacesleHHs, PON3BOICTBEHHOE MoTpedneHne B oTpacisix, He Bxoasmmx B AlIK, npupocr 3ama-
COB, Pe€3epBOB, FKCIOPT. IIpoayKIus mocTynaer noTpedUTeNto TIaBHEIM 00pa3oM uepe3 chepy oOparueHus:
TOCY/IapCTBEHHYIO U KOONEPAaTUBHYIO TOPTOBIIO, CUCTEMY OOLIECTBEHHOTO MHUTAHUS, KOJIXO3HBIH DPBHIHOK.
YacTs npoayKiuy, MUHYs cepy oOpaleHus, MoTpeOIseTcsl HEMOCPEACTBEHHO CEMbSIMHU, BEAYLIUMH JIMIHOE
HOACOOHOE XO3IHCTBO. ABTOpaMH IT0Ka3aHo, YTO MPOTHO3UPOBaHKeE M ITaHupoBanue pazsutus AIIK ocyme-
CTBISIETCS MO MOJKOMILIEKCAaM, KOTOPBIE OMPEIeNIeHBl UCXO/s U3 TEXHOJIOTHIECKOH B3aUMOCBSI3H IIPOU3BO-
CTBa KOHEYHOH NpoayKnnu. KoHedHas e CenbecKoro X03aHCcTBa — JOCTHKEHHE YCTOWYMBOTO POCTa Cellb-
CKOXO3SIICTBEHHON IPOIYKIUH, HaJeXKHOE 00ECIeUeHNe CTPAHbl MPOJIYKTaMHU IUTAHUS U CEIbCKOXO3SHCT-
BEHHBIM CBIpbEM, OOBEAMHEHHE YCHIIMM BceX OTpacieil IJisl MOoNydeHHs BBICOKMX KOHEUHBIX PE3ylIbTaToB
B COOTBETCTBUHU C MPOIOBOJIBCTBEHHOM TPOrPaMMON.

Knioueswie cnoga: cenbckoe X03siCTBO, MPOTHO3, AWHAMMKA MTOKa3aTeell pocTa, ChIphE, SKOHOMHKA PETHO-
HOB, aCUMMETPHS 3KCIECCa, ATPHOPHOE PACTIPEIECIEHUE CUCTEMBI.
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