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FORECASTING THE LEVEL OF INVESTMENT ENSURE OF
AGRICULTURAL DEVELOPMENT

Abstract. Assessment of the formation of the level of investment ensure and
its impact on the indicators of agricultural development requires the use of
mathematical methods of parametric forecasting. The methodological approaches
have been substantiated and methodical approach to forecasting the level of
investment ensuring of agricultural development has been developed in the paper.
Investment ensure for agriculture has been proposed to be considered simultaneously
as a result of the influence of internal and external factors, as well as a factor
affecting the parameters of the industry’s development. The use of gross value added
in agriculture as an indicator of the efficiency of investment ensuring and the
parameter of agricultural development has been substantiated. The methodical
approach to the analysis of investment ensure based on time factor has been
improved. Multi-factor econometric model has been developed for assessing the
influence of factors (profitability level, volume of lending, state support, foreign
direct investment) on the level of investment ensure for agriculture. Indicators of
investment ensure of agricultural development have been forecast on the basis of
econometric model using data extrapolation method by linear, logarithmic,
polynomial and exponential mathematical functions for each factor. An econometric
model for assessing the impact of the level of investment ensure on gross value added
in agriculture has been developed and used to predict the level of agricultural
development. The projected values of investment and gross value added in



agriculture in Ukraine have been calculated in an optimistic, realistic and pessimistic
scenario. The need to increase the efficiency of agricultural producers, the volume of
lending and state support to achieve the appropriate parameters of investment ensure
for agricultural development has been substantiated.

Keywords: investment, investment ensure, development, gross value added,
forecasting, econometric model, agriculture.
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MMPOTHO3YBAHHSA PIBHSA IHBECTULIMHOT O 3ABE3ITEYEHHS
PO3BUTKY CIJIBCBKOI'O TOCITIOJAAPCTBA

Anoranisi. Otinka ¢popMyBaHHS PiBHS 1HBECTUIIIHHOTO 3a0€3MeUeHHs Ta HOro
BIUTUBY Ha MOKAa3HUKU PO3BUTKY CLIBCHKOTO IOCIOAAPCTBA MOTPEeOye BUKOPUCTAHHS
MaTeMaTUYHUX METOJIB MapaMETPUYHOTO MPOTHO3YBAaHHS. Y CTAaTTI OOIPYHTOBAHO
METOJIOJIOTIYH1 3acaii Ta PO3POOJIECHO METOAUYHUM MiJAX1J] A0 MTPOTHO3YBAHHS PIBHS
1HBECTULIIMHOTO 3a0€3MeYeHHs] PO3BUTKY CUIBCHKOTO TOCMOAAPCTBA. 3aPOIIOHOBAHO
1HBECTHIIIHE 3a0e3MeUYeHHsI CUIbCHKOrO0 TOCIOAapCTBa PO3IIISAATH OAHOYACHO SIK
pe3yNbTaT BIUIMBY BHYTPILIHIX Ta 30BHIMIHIX ()aKTOPIB Ta K (aKTOp, 1110 BITUBAE HA
nmapaMeTpu poO3BUTKY Tany3i. OOIpyHTOBaHO y SKOCTI TOKa3HHUKA €(PEKTUBHOCTI
1HBECTHUIIMHOTO 3a0e3MNedeHHs] Ta IMapaMeTpy PO3BUTKY CLIBCHKOTO TOCIOJAapCTBA
BUKOPUCTOBYBaTH BA&JOBY JIOJJaHy BapTICTh B CUIBCBKOMY TOCHOJAPCTBI.
VY A0CKOHANIEHO METONWYHHUM MiAXiJ 10 aHali3y 1HBECTHLIMHOrOo 3abe3leueHHs Ha
OCHOBI1 ypaxyBaHHs (akTopy yacy. Po3poOieno OGaratoakTopHy €KOHOMETPUUHY
MOJETh ISl  OIIIHKKM BIUIMBY (akTopiB (piBHSI pEHTA0ENIbHOCTI, OOCHTIB
KpEAUTYBaHHS, JACPXKABHOI MIATPUMKHU, MPSIMUX 1HO3EMHHUX IHBECTHII) Ha pIBEHb
IHBECTUIIIMHOTO ~ 3a0€3MEUEHHs]  CUTbChKOro  rocmojapctBa.  CIporHO30BaHO



MOKAa3HUKNA 1HBECTUINIHOTO 3a0€3MeYeHHS] PO3BUTKY CUIBCHKOTO TOCIIOIApCTBA Ha

OCHOB1 €KOHOMETPUYHOT MOJIENl 3 BUKOPUCTAHHSIM METOJy €KCTPamoJislii JaHuX 3a

JHINHOIO, JIOTapu(pMIUYHOI, IOJIHOMIAIBLHOI Ta CTEINEHEBOI MaTEeMaTHYHUMHU

GyHKIIAMH U151 KoskHOTO (hakTopa. Ha ocHOB1 po3po0iieH0T eKOHOMETPUIHOT MOEI

OIIIHKM BIUIMBY PiBHS 1HBECTHIIIMHOTO 3a0€3MEUCHHS Ha BAJIOBY JIOJIaHY BapTiCTh B

CIJTLCBKOMY TOCIIOJIAPCTBI PO3paxOBaHO MPOTHO3H1 3HAYCHHS 1HBECTHUIIIM Ta BajOBO1

JI0JIaHOT BapTOCTI B CUIBCBKOMY TOCHOAAPCTBI YKpaiHM 3a ONTHUMICTUYHHM,

pEaiCTUYHUM Ta MECUMICTUYHHUM clieHapisiMu. OOTpyHTOBaHO MOTPeOy MiABUIICHHS

e(eKTUBHOCTI MISUTBHOCTI BHUPOOHMKIB, HApOIIyBaHHS OOCATIB KpPEAUTYBaHHS Ta

JepKaBHOI MIATPUMKH JUIsl JOCATHEHHS BIAMOBITHUX MapaMeTpiB 1HBECTHIIIHOTO

3a0€3MeUYeHHS PO3BUTKY CUIBCHKOTO TOCIIOAAPCTBA.

KurouoBi ciioBa: iHBecTHINi, 1HBECTUIlIIIHE 3a0€3ME€UEHHS, PO3BUTOK, BAJIOBA

JI0JTaHa BapTiCTh, MIPOTHO3yBaHHS, EKOHOMETPUYHA MOJIEIb, CIJIbChKE TOCTIOIAPCTRO.
®dopmyi: 3; puc.: 1, rabm: 4, 61611.: 9.
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HNPOT'HO3UPOBAHUE YPOBHS UHBECTULIMOHHOI'O

OBECIIEYEHUS PA3BUTHS CEJIBCKOI'O XO3AMCTBA
AnHoTamusi. B cratee 000CHOBaHbI METOJOJOTMYECKUE OCHOBBI H
pa3paboTaH METOAUYECKUI MOAXO0J K MPOTHO3UPOBAHUIO YPOBHS MHBECTULIMOHHOTO
oOecrieueHus: pa3BUTHUS CEIIbCKOTO X03sicTBa. OOOCHOBAHO B KauyeCTBE IMOKA3aTeIs
3¢ (PEKTUBHOCTH MHBECTUIIMOHHOTO OOECTIEUEeHHs] U MapaMeTpa pa3BUTHUSL CETBCKOIO
Xa3sHUCTBA UCIOJIb30BATh BAJIOBYIO TOOABIEHHYIO CTOMMOCTh B CEJILCKOM XO3SHCTBE.
Ha ocHoBe pa3paGoTanHOi MHOTO(GAKTOPHOM HKOHOMETPUYECKOW MOJETH JIs
OIICHKW BIHSIHUS (PAKTOpOB (YpOBHS pPEHTAOETHLHOCTH, OOBEMOB KPEIMTOBAHMSI,
roCyAapCTBEHHOW MOAJEPKKH, NPSIMBIX HWHOCTPAHHBIX HMHBECTHUIMII) HAa YpPOBEHb
WHBECTUIIMOHHOTO  OOECHEYeHHs  CEJIbCKOTO  XO3sIiiCTBAa  CIPOTHO3UPOBAHBI
MOKa3aTel HMHBECTULMOHHOTO OOECTIeYeHHs] Pa3BUTHs CEIIbCKOTO XassiicTBa C



MCIOJIb30BaHNEM METOJIa IKCTPAIONALNUN JaHHBIX. PazpaboTrana skoHOMeETpHUecKas
MOJIeNIb OLIEHKU BIHMSHHUS YpPOBHS HHBECTHUIIMOHHOTO OOECIeuYeHHs] Ha BaJIOBYIO
N00aBIIEHHYI0O CTOMMOCTh B CEIIbCKOM  XO3SiCTBE M  HCIOJNIb30BaHa  JUIs
MPOTHO3UPOBAHUS YPOBHS Pa3BUTHSI CEIbCKOTO XO35HCTBA.,

KiroueBble c10Ba. MHBECTUIIMH, MHBECTUIIMOHHOE OOecredeHue, pa3BHUTHE,
BaJIOBasi J0OaBJIEHHAs CTOMMOCTb, NMPOTHO3UPOBAHUE, IKOHOMETpPUUYECKass MOJEIb,
CeNIbCKOE X03SHCTBO.

®opmyn: 3; puc.: 1, Tabn: 4, 6ubsn.: 9.

Introdaction. There is a thesis in scientific literature that investment ensure of
agriculture is an important prerequisite for the efficient functioning of the industry.
The amount and directions of investment largely determine the technological level of
production; provide conditions for economic, social and environmental efficiency in
the agricultural sector. In this, investment ensure should be considered as a tool for
the achievement of agricultural development. The determination of trends and
prospects for agricultural development should be based on a scientifically grounded
level of investment ensure. Assessment of the formation of the level of investment
ensure and its impact on the indicators of agricultural development requires the use of
mathematical methods of parametric forecasting.

Analysis of research and problem statement. The conceptual foundations of
the assessment and tendencies in the formation of investment ensure for agriculture
have been studied by domestic and foreign scientists. In particular, Y. Lupenko, A.
Gutorov, O. Gutorov carried out a comprehensive scientifically grounded monitoring
of investment ensure for the development of integration relations in the agricultural
sector of Ukrainian economy [1]. Y. Lupenko, O. Zakharchuk substantiated the need
to increase the rate of innovation and investment development for the provision of
material and technical base of agriculture in the country [2], calculated three options
of investment ensure and identified the need for investments by 2025 based on the
value of fixed assets in agriculture [3]. M. Kisil studied the strategic directions of
investment for the development of agriculture [4]. At the same time, the issues of the
forecast assessment of investment ensure for agriculture in the context of achieving
the agricultural sector’s development is the subject of scientific discussion and need
further study.

The purpose of the research is to substantiate the methodological approaches
and develop methodical principles for forecasting the level of investment ensure of
agricultural development.

Research results. An important stage in the research of investment ensure is
forecasting its level to meet the needs of agricultural development. The main
dominant here is the thesis that the development of agriculture is the goal, while the
investment ensure of the industry — one of the tools to achieve it [5]. In the context of
forecasting, investment ensure for agriculture is proposed to be considered
simultaneously as: 1) the result of many internal (sectoral structure and efficiency)
and external factors (market conditions, lending, state support, foreign investments);
2) the factor providing one of the most important conditions for industry development
— the possibility of reproduction of all factors of production.



In order to assess the effectiveness of investment ensure for agriculture it is
expedient to use gross value added (GVA), rather than the output of agricultural
products [6]. According to the System of National Accounts (CHC’93) [7] and the
European system of national and regional accounts (ESA95) [8], gross value added
for each economic sector is calculated as the difference between gross output and
intermediate consumption at basic prices. The GVA in agricultural sector reflects the
additional value created in the production process and provides the opportunity to
reproduction of land, labor and capital. The use of GVA as an indicator of the
effectiveness of investment ensure is an important methodological tool for
forecasting agricultural development.

The methodological approach to analysis of investment ensure has to be
improved. In the research of the influence of factors on investment ensure
(investment as a result), it has been proposed to evaluate the investment amount for
the year (t,), and the value of factors (independent variables), respectively, for the
previous year (t,.;). In turn, investment ensure as a factor (independent variable) to
determine for the year (t,) and the gross value added in agriculture as a dependent
variable should be evaluated by the results of next year (t,+1) (Figure 1).

Gross value
added in
i agriculture as
_ aCtorSI Investment Xy an indicator of
(mterdna ensure of the
-_ ; _— .
an agricultural effectiveness of
external) As a result development As a factor investment
of the influencing ensure and
influence development industr
of factors parameters y
development
__________ —_—— ., —_——_—— e —»
: | t
tq th th+1

Fig. 1. Stages of the forecasting of the level of investment ensure and modeling

its influence on the parameters of agricultural development
Source: built on the basis of [5, p. 89].

Researchers from different countries widely use econometric modeling for
forecasting [9, 10, 11]. Extrapolation has been chosen among other methods for
practical application, which is connected with the analysis of the trends of the studied
objects development with the subsequent forecasting.

The correlation and regression analysis has been applied to determine the
existence and to define the type of functional dependency of the level of investment
ensure of agriculture on the factors influence. According to A.M. Novikov, regression
analysis allows not only to describe quantitatively the dependence between variables,
but also allows to do forecasting [12].



To analyze the impact of factors on the level of investment ensure of
agriculture, 4 factors have been included in the model.
These factors have causal relation with dependent variable; the model has the
necessary attributes of adequacy with these factors:
YX;.n=QtarXg+axXp+ a3 Xz +ay Xq (1)
ne Yx;. ., —investment per 1 hectare of arable land, UAH;
X1 — profitability level, %;
X, — lending per 1 hectare of arable land, UAH;
X3 — state support per 1 hectare of arable land, UAH;
X4 — foreign direct investment in agriculture per 1 hectare of arable land, USD.
As a result of the correlation and regression analysis using the software
packages of “Microsoft Office Excel” and “STATISTICA”, a multi-factor
econometric model of dependency of the level of investment ensure for agriculture
from the selected factors has been derived:
Yx;.n=-3059,829 + 18,760x; + 0,604x, + 2,624x3 + 58,855x, (2)
The coefficient of multiple correlation R=0,993 indicates a very close relation
between the level of investment ensure of the industry and the selected factors. The
coefficient of determination R?=0,986 indicates that the selected factors determine the
change in the investment per 1 hectare of agricultural land by 98.6%. Since the value
of F=34.51 exceeds Ft=4.12 (for m = 4, n = 7 for a = 0.05), the determination
coefficient is statistically significant, and the regression equation is statistically
reliable.
On the basis of the determined beta coefficients and the correlation matrix, the
coefficient of determination has been decomposed into separate factors and their
significant impact on the level of investment ensure has been determined (Table 1).

1. Indicators of the relationship sthrength and ranking results of the certain factors
influence on the investment ensure of agriculture in Ukraine

Beta Coefficients | Share of
Factors e of certain Ranking
coefficients .
correlation | factors, %
X1 - profitability level, % 0,46717 0,860326 24,766 2
X2 - lending per 1 hectare of arable
landarable land, UAH 0,409547 0,785789 19,830 3
X3 - State support per 1 hectare of arable
land. % 0,605809 0,958334 35,774 1
X4 - Toreign direct investment in agriculture i
per 1 hectare of arable land, USD 0,373757 0,85239 19,631 4
Total X x 100,000 X

Source: calculated by the authors themselves.

State support has the greatest impact on the size of investments per unit area of
land, the value of foreign investment — the lowest. The developed econometric model
Is adequate and can be used to predict the level of investment ensure of agriculture.

The forecast has been made on the basis of the study of trend models of
factors’ time series by constructing a mathematical function of aligning the time

series for each factor.




For this purpose, linear, logarithmic, polynomial and exponential mathematical
functions have been used.
The selection of a certain mathematical function for extrapolation and selection
of the most adequate of them have been carried out, firstly, on the economic sense of
the factor in dynamics, and secondly, on the accuracy of the approximation (Table 2).

2. Forecast of the level of investment ensure of agriculture in Ukraine according to
the extrapolation of factors for 2020-2024

Desianati Predictive values of the studied
Indicators 0?] Mathematical function indicators
2019 | 2020 | 2021 |2022 | 2023

Profitabilit X," | y=3254x + 13,914 46,45 | 49,70 | 52,96 | 56,21 | 59,46
level. % y X9 |y=8,17498In(x) + 16,973 | 35,80 | 36,58 | 37,29 | 37,94 | 38,55

’ X% | y=18,279x"** 32,50 | 33,28 | 34,01 | 34,70 | 35,35
Lending ber 1 X," | y=134,14x + 613,14 1955 | 2089 | 2223 | 2360 | 2491
hectarego‘f) arable X9 | y=417,16In(x) + 641,67 | 1602 | 1642 | 1678 | 1712 | 1743

— 2
land, UAH X, 35’1‘2'58%381)‘ *20LI9+ | 1686 | 1712 | 1745 | 1711 | 1687
State support X7 |y =474,31007 883 | 939 | 999 | 1063 | 1131
per 1 hectare of X3" y = 40,036x + 455 855 895 935 975 | 1015
Erzb;e land, X39 |y=10411In(x)+48835 | 728 | 738 | 747 | 755 | 763
Foreign direct X49 |y=-24811In(x) + 21,193 | 1548 | 15,24 | 15,03 | 14,83 | 14,65
investment in X7 [ y=22367¢ PO 12,93 | 12,24 | 11,59 | 10,97 | 10,39
agriculture
per L hectare of | x|y =-0,9420x + 21,943 11,76 | 10,82 | 9,88 | 8,94 | 7,99
USD
2020 | 2021 | 2022 | 2023 | 2024

Investment per 1 YXx; . n Yx;. n=-3059,829 + 2219 | 2496 | 2783 | 3081 | 3391
hectare of arable Yx; n 18,760x, + 0,604x, + 1585 | 1688 | 1790 | 1891 | 1992
land, UAH Yx;.n | 2,624xs+ 58,855x, 1171 | 1172 | 1174 | 1133 | 1095

Source: calculated by the authors themselves.

According to a realistic scenario, the growth of investment ensure for

agriculture in 2020-2024 could be 25.7%. This requires an annual increase in the
profitability rate by 0.7 p.p., lending per 1 hectare of arable land by 35 UAH, state
support by 40 UAH. According to the pessimistic scenario, investment ensure may
decline by 6.5% if the level of lending and state support of the industry remains at
2017 level.

A model with the necessary attributes of adequacy has been developed to
determine the impact of the level of investment ensure on the parameters of
agricultural development:

Yx;. n=2278,375 + 4,292x (3)
where Yx; ,— GVA in agriculture per 1 hectare of arable land, UAH,;

X — Investment per 1 hectare of arable land, UAH.

The coefficient of multiple correlation R=0.757 indicates a tight relationship
between the dependent variable and the factors. The coefficient of determination



R?=0.573 indicates that investment ensure determines the change of GVA in
agriculture per 1 ha of arable land by 57.3%. Since the value of F=6.70 exceeds
Ft=5.59 (for m=1, n=7 for a=0.05), the coefficient of determination is statistically
significant, and the regression equation is statistically reliable. The developed
econometric model has been used to predict the level of agricultural development.
The forecasting results are shown in the Table 3.

3. Forecast of gross value added in agriculture of Ukraine per 1 hectare of arable land

for 2021-2025

Scenarios Predictive values of GVA in agriculture per 1 hectare of arable land, UAH
2021 2022 2023 2024 2025
Optimistic 11803 12990 14222 15503 16834
Realistic 9081 9523 9961 10395 10827
Pessimistic 7305 7307 7317 7141 6977

Source: calculated by the authors themselves.

It has been determined that according to the optimistic scenario the GVA in
agriculture per 1 hectare of arable land for 2021-2025 will increase by 42.6%, in
realistic scenario — by 19.2%. According to a pessimistic forecast, the reduction of
the GV in agriculture per unit area is 4.5%.

Based on the data of Tables 2 and 3 the predictive value of investment and
gross value added in agriculture of Ukraine have been calculated (Table 4).

4. The forecast of investment and gross value added in agriculture in Ukraine
for 2020-2025

Predictive values of investment in agriculture, billions UAH

2020 2021 2022 2023 2024

Optimistic 92,1 103,5 115,5 1278 140,7

Realistic 65,8 70,0 74,3 78,5 82,6

Pessimistic 48,6 48,6 48,7 47,0 45,4
Predictive values of GVA in agriculture, billions UAH

2021 2022 2023 2024 2025

Optimistic 487,9 538,9 590,1 643,2 698,4

Realistic 376,8 395,1 413,3 431,3 449,2

Pessimistic 303,1 303,2 303,6 296,3 289,5

Source: calculated by the authors themselves.

It has been determined that investments in agriculture at the level of 66-83
billion UAH per year will provide an annual increase in the GVA in agriculture by
0.78%; investments at the level of 92-140 billion UAH — by 1.61% respectively.

The results of the conducted research confirm the results obtained by the The
Institute of Agrarian Economics NSC. According to scientists, the need for
investments in the fixed assets renewal at the level of 10% of their value (the level of
reproduction) is 73-75 billion UAH; at the level of 15% (technical modernization) —
110 billion UAH, at the level of innovative modernization — 150 billion UAH [3].

Consequently, the developed methodological principles for forecasting the
level of investment ensure can be considered sufficiently justified and can be used in
forecasting indicators of investment ensure of agriculture, taking into account the
parameters of its development.




Conclusion. When forecasting, the investment ensure of agriculture should be
considered simultaneously as a result of the internal (sectoral structure and
efficiency) and external factors (market conditions, lending, state support, foreign
investment), and as a factor which enable reproduction of land, labor and capital. In
order to assess the effectiveness of investment ensure, it is expedient to use gross
value added in agriculture as a development indicator.

Using the method of forecasting on the basis of the extrapolation allowed
predicting the indicators of investment ensure for agricultural development. In an
optimistic scenario for the development of agriculture, investments are needed at the
level of 92-140 billion UAH per year. This will ensure an increase in gross value
added in agriculture by 1.61% annually. According to a realistic scenario,
investments amount of 66-83 billion UAH per year will contribute to an increase in
gross value added in agriculture by 0.78% annually. It has been determined that
increase of the state support, profitability level and lending needed for the formation
of investment ensure of agriculture. It has been substantiated (pessimistic scenario)
that if the level of lending and state support of the industry is maintained at the level
of 2017, the investment ensure may decrease by 6.5% and the gross value added in
agriculture may decrease by 4.5%.

The developed methodic for forecasting investment ensure is sufficiently
substantiated and can be used to predict the parameters of investment ensure of
agricultural development.
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