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ABSTRACT

Kazakhstan's agro-industrial complex is a key sector that ensures food
security and the country's sustainable economic development. The
study aims to assess the impact of investments on agricultural
productivity and their share in gross domestic product, accounting for
lag effects. The initial data includes annual statistical indicators of the
Bureau of National Statistics of the Republic of Kazakhstan for the
period 2015-2024. The methodological basis consists of correlation
analysis, calculation of Pearson correlation coefficients, and
multidimensional analysis of variance (MANCOVA), followed by a
univariate decomposition of effects. The results showed that
investments in the non-resource sector demonstrate the strongest
positive relationship with labor productivity in agriculture (r = 0.959),
while private investments also have a high correlation (r = 0.882). On
the contrary, the agricultural investment index has no significant
impact on production indicators (r = -0.116) and output dynamics (r
= 0.120). At the same time, the share of agriculture in GDP decreased
from 4.8% to 3.8% over the study period, despite total investments
increasing by more than 2 times. MANCOVA's results confirmed a
statistically significant impact of investments in the non-resource
sector on productivity alone (p < 0.001), whereas the impact of
investments directly in agriculture and of private investment was
statistically insignificant. Thus, a gap has been identified between
investment volume and economic returns, indicating a need to improve
the effectiveness of investment policy and to focus on structural and
technological factors in agricultural sector development.
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Ka3akcTaHHbIH arpoOeHEepKICINTIK KeweHiHe
MHBECTULUMSNapAbIH SJ/1IeyMETTiK-29KOHOMUKAaNbIK TUiMAiniri

Yenek6aii A.4.2, WimaHoBa H.C.5*, Bait6bynekoBa J1.A.°

@Q University, AnmaTbl, KasakctaH

K. Caraaues aTbiHAarFbl Xanblkapanblk busHec YHusepcuteTi, AnMaTthl, KazakcraH

TYUIH

Ka3akCTaHHbIH arpoeHepKaCiNTiK KelleHi asblK-TYNiK Kayinci3giriH >xaHe
enAjiH TypakTbl 3KOHOMMUKanbIK AaMyblH KaMTaMachl3 eTeTiH Herisri cana
6onbin Tabbinagpl. 3epTTey MHBECTULMSNAPAbIH aybl/l LWapyallblbIFbIHbIH
OHiMAiNIriHe >XoHe onapAblH >annol iWKi eHiMaeri yneciHe acepiH
baranayra 6aFbiTTanFaH, NarTblk acepsiepdi eckepe OTbIpbin. bactankpi
aepektep KasakcraH Pecnybnukacbl ¥nTTblk CTaTUCTMKa BIOPOCHIHBIH
2015-2024 xbingapra apHasFaH XblablK CTaTUCTUKASBIK KOPCETKILUTEpPiH
KaMTuabl. OficTeMenik Heriz Koppensumsnblk TangayaaH, [NMpCOHHbIH
Koppenaums  Koadh@UUMEHTTEPIH eCcenTeyaeH >KoHe AWUCNEPCUSIHbIH,
kenenwemai TangaybiHaH (MANCOVA) Typaabl, cogaH KeliH acepnepain
6ip aliHbIManb! biablpaybl Xypeai. HoTvkenep WuKIi3aTTblk eMec CeKTopra
WMHBECTULUMANAP aybl/l WapyalblibiFbIHAAFbl EHOEK BHIMAININIMEH eH KYLTI
OH 6alnaHbiCTbl KkepceTeTiHiH  kepcerti (r = 0,959), an Xeke
WHBEeCcTUUMANap Aa >oFapbl koppensuusiFa ne (r = 0,882). KepiciHwe,
ayblNLapyaLlbiblK WHBECTULUMANAPbIHbIH, WHAEKCI eHzipic
kepceTkiwTepiHe (r = -0.116) xoHe eHaipic AMHamukacbiHa (r = 0.120)
aTapnbikTai acep etnengi. CoHbIMEH 6ipre, MHBECTULMANAPAbIH Xasmbl
Kenemi 2 ecegeH acraM ©ckeHiHe kapamacrtaH, XXI©-geri aybin
LIapyaLbbIFbIHBIH YNECi 3epTTey Ke3eHiHae 4,8% - aaH 3,8% - Fa aeliiH
TemeHaeni. MANCOVA HoaTwxenepi LIMKI3aTTblK €MeC CeKTopFa
WHBECTUUMANAPAbIH TeK OHIMAINIKKE CTaTUCTUKAamNbIK MaHbI3dbl SCepiH
pactagbl (p < 0,001), an Tikenen aybil LWAPYalbUIbIFbIHA XXSHE KEKE
WHBeCTUUMaNaprFa WMHBeCTUUMANapablH 9Cepi CTaTUCTUKanNblK TYPFblaaH
wamanbl 6onabl. Ocblnanwa, MHBECTULMSNAP KeeMi MEH SKOHOMMKaASbIK
KipicTep apacbiHAa anwakTblK aHblkTanabl, 6yn  WMHBECTUUMANBIK,
cadcaTTblH TUIMAIMINH apTTbIpy J>KSHE arpoeHEpKaCinTIK  KewweHdi
JaMblTyAaFbl KYPbINbIMABIK XOHE TEXHONOrUAbIK (akTopiapra Ha3ap
ay[apy KaXkeTTiniriH kepceteai.
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CouunanbHo-3kOHOMMYecKana 3(pPpeKTUBHOCTb MUHBECTULIUN
B arpornpombilIEHHOM KoMrsiekce Ka3zaxcraHa

Yenek6aii A.4.?, LLimaHoBa H.C.5*, Bai6bynexkoBa J1.A.°

@Q University, AnmaTbl, KazaxcrtaH

SYHuBepcuTeT MexayHapoaHoro 6usHeca uM. K.Caragvesa, AnMartsl, KasaxcraH

AHHOTALMA
ArponpoMmbllLNEHHbIA  KOMMNEKC KasaxcTaHa SBMSIETCA  KIIHOYEBbLIM
CceKkTopoM, obecneyMBalolMM MNpPOAOBONbCTBEHHYIO 6e30macHOCTb WU

YCTOMUMBOE 3KOHOMMYECKOe pa3BuTve CTpaHbl. Llenbio uccnepnoBaHus
SBNSIETCS OLEHKA BAWSHUA WMHBECTULMIA Ha NPOM3BOAMUTESIbHOCTb
CeNbCKOro XO35IMCTBa UM €ro AoNl0 B CTPYKTYpe BasioBOro BHYTPEHHEro
MpoAyKTa C y4yeToM naroBbix 3¢deKToB. McxoaHble AaHHbIE BKIOYAOT
CTaTUCTUYECKME MoKa3aTenn blopo HaUMoHaNbHOM CTaTUCTUKK 3a NepUoA
2015-2024 rr. MeToA0M0rMYECKYI0 OCHOBY COCTaBSAOT KOPPENALMOHHbIN
aHanus3, pacyeT koapduumeHToB TMMMPCOHA, a TakKXKe MHOrOMEPHbIN
AMCNEPCUOHHbIA aHann3 (MANCOVA) ¢ nocneaytowein YHMBapUaHTHOW
Aaekomnosuumenn acddekToB. MonyyeHHble pe3ynbTaThl MoOKasanu, 4TO
MHBECTULMM B HECHIPDbEBOWM CEKTOP AEMOHCTPUPYIOT Havbonee CUbHYIO
MONOXWTENbHYIO CBS3b C MPOU3BOAUTENIbHOCTHIO TPyAa B CENbCKOM
xo3snctee (r = 0.959), B TO BpeMs KaK YaCTHble WHBECTULMM TakxKe
UMEIOT BbICOKYIO Koppensaumio (r = 0.882). HanpoTus, MHAEKC MHBECTULIIA
B Ce/IbCKOE XO3§MCTBO HE OKa3blBaeT 3HAUMMOro B/MSHUS Ha
Npou3BOACTBEHHbIE Noka3aTtenun (r = —0.116) n aMHaMuky Bbinycka (r =
0.120). Mpw 3ToM A0S CeNbCKOro xo3sicTea B BBIM cHuaunack ¢ 4,8% ao
3,8% 3a wuccneayemblil Mepuof, HECMOTPS Ha POCT  COBOKYTMHbIX
nHBeCTMUNIA 6onee YeM B 2 pasa. Pesynbtatel MANCOVA noatsepaniu
CTAaTUCTUYECKN 3HAYMMOE B/IUSIHUE TONMBKO MHBECTULMI B HECHIPbEBOM
CeKTop Ha npousBoauTenbHocTb (p < 0.001), Torma kak BAusiHUE
MHBECTULMIA HEMOCPEACTBEHHO B CENIbCKOE XO3[MCTBO M YACTHbIX
MHBECTULMIA OKa3anocb CTAaTUCTUYECKM He3HauMMbiM. TakuMm 06pasoM,
BbISIB/IEH pa3pbiB Mexay 06beMaMu WMHBECTULMIA U MX SKOHOMMUECKOW
OT[Iauel, YTO YKa3bIBaeT Ha HEOBXOANMOCTb NOBbLILLEHUS 3PEKTUBHOCTU
MHBECTULMOHHON MOUTUKM U OpPUEHTAUMM Ha CTPYKTYpHble WU
TexHonormyeckme hakTopbl pa3BUTUS arpapHOro cekTopa.
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1. Introduction

Food security remains crucial to economic stability. Food security is linked to the state of
the agro-industrial complex, which controls production, processing, and distribution of
products to consumers. International data showed that the agricultural sector's contribution is
generated not only by agriculture but also by related industries. Thus, the combined share of
agriculture and related industries in the USA accounted for approximately 5-5.5% of GDP in
2023 (U.S. Department of Agriculture, 2024).

Kazakhstan's agro-industrial complex supports food production, rural employment, and
the country's participation in international agricultural trade. Development of the sector is
considered a priority area of state policy, according to the Concept for the Development of the
Agro-Industrial Complex of the Republic of Kazakhstan for 2021-2030, which envisages
increased labour productivity, increased investment, expanded processing, and increased self-
sufficiency in food products (Government of the Republic of Kazakhstan, 2021; Yessimkhan &
Sartanova, 2024). This Concept sets the objectives of increasing investment in agricultural
capital, modernising the material and technical base, introducing technologies, and developing
sustainable production and logistics systems (Ministry of Agriculture of the Republic of
Kazakhstan, 2024; Baiterek National Managing Holding, 2024). Furthermore, the development
of the agro-industrial complex through international cooperation focuses on increasing
productivity and the sector's long-term sustainability, as well as on developing mechanisms to
scale up successful practices at the regional level (UNDP, 2024).

Despite the measures implemented, the development of the agro-industrial complex faces
several limitations stemming from the gap between investment volumes and their outcomes.
With growing investment activity, it is necessary to determine the nature of the relationships
among investment, productivity, and agriculture's position in the economic structure, which
requires quantitative analysis and an assessment of the effectiveness of investment processes.

The agro-industrial complex is essential because it powers the entire economy. First, when
agriculture is functioning normally, prices are stable, and people have access to food. Second,
agriculture employs a large number of people, especially in developing countries. The sector's
growth means increased income for the population. Third, increased productivity in the agro-
industrial complex leads to a portion of the workforce shifting to other sectors, such as
manufacturing and services. This changes the structure of the economy. Fourth, the agro-
industrial complex includes processing, logistics, and trade, which generate a significant portion
of added value. Thus, the agro-industrial complex serves as the foundational system through
which employment, income, and economic development are generated.

Therefore, the study aims to assess the impact of investments on agricultural productivity
and their share in gross domestic product, accounting for lag effects.

2. Literature review

Agriculture is the fundamental mechanism for initiating industrialisation through labour
release, reduced food costs, and expansion of the production base outside the agricultural sector.
The agro-industrial complex forms the foundation of economic development through production
volumes and inclusion in global value chains. Increased efficiency and industrialisation of the
agricultural sector ensure increased output and expanded markets.
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Increased agricultural productivity reduces the share of agricultural employment, freeing up
labour that was previously viewed as resulting from expanding employment, income, and
intersectoral linkages in the rural economy (Irz et al., 2001). In contrast, Gollin et al. (2002)
showed that labour release becomes a key factor in structural transformation, as this labour is
reallocated to industry and services, where additional economic growth is generated. Moreover,
agricultural productivity growth in developing countries is the largest contributor to growth in
GDP per worker (approximately 54%). In comparison, labour reallocation between sectors
accounts for 29%, reflecting the crucial importance of agricultural productivity in the initial phase
of economic structural transformation (Gollin et al,, 2002). Moreover, Moon and Lee (2013) link
agricultural productivity to the transformation of demand and agrifood markets, which, in turn,
lead to changes in other sectors of the economy.

Existing studies focus on the mechanisms by which investments affect the agricultural
economy. The influx of financing into the agricultural sector increases regional output by
approximately €300 million, with approximately 14% of this effect being distributed to related
industries (Loizou et al., 2019). The authors showed that investments increase agricultural
production volumes and further boost production in related industries. On the contrary, El Bilali
et al. (2021) showed that changes in agricultural policy, including subsidy mechanisms, are
transmitted throughout the economy via production linkages, generating direct and indirect
effects on employment, income, and access to food. The authors showed that investments are
implemented through subsidy mechanisms that redistribute resources and alter employment and
income.

The importance of the agricultural sector in the global economy is determined by its
contribution to added value, food security, and environmental impacts. The further development
of the agricultural sector depends on the sector's ability to adapt to resource constraints and
changes in demand (Webb & Buratini, 2018). As economic development increases, the share of
farmers in the final value of food declines. The bulk of added value is concentrated in the
processing, logistics, and marketing segments. However, the formation of added value at different
stages of agro-food chains shows the importance of the agro-industrial complex in the global
economy (Santeramo et al., 2024).

The agricultural sector, as a driver of employment and poverty reduction, has a greater
impact than other sectors, especially in low-income countries. Agricultural growth engages
households through employment and self-employment and affects food prices. As the economy
undergoes structural transformation, this effect weakens, and the contribution of non-
agricultural sectors increases (Christiaensen et al,, 2011). Thus, agriculture influences poverty
reduction at different stages of structural transformation. As a result, persistent income and
efficiency gaps develop, and institutional and market constraints hinder labour reallocation.
However, McCullough (2017) showed that productivity growth cannot be achieved solely through
labour reallocation. There is a need to simultaneously improve efficiency within agriculture itself,
since agricultural growth is, on average, 2-3 times more effective in reducing poverty than non-
agricultural sectors, especially in low-income countries with high agricultural employment. In
contrast, Felipe et al. (2014) show that similar poverty reductions are also generated in non-
agricultural sectors, where trade, transport and processing act through inter-sectoral linkages
and cost reductions, and Christiaensen and Martin (2018) showed that such an outcome depends
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not only on the sectoral structure but also on the employment patterns through which the labor
force moves from agriculture to other sectors.

Thus, a high level of employment in the agricultural sector does not, in itself, indicate
efficiency. In contrast, an increase in employment outside the agricultural sector indicates that
the economy is becoming more productive. High employment in agriculture reflects the
concentration of labour in a lower-productivity sector, creating a gap between employment and
the value added generated. In Asian countries, agriculture accounts for approximately 9.8% of
value added, employs 24.4% of the labour force, and has productivity approximately 0.4 times the
economic average (Awaliyyah et al., 2020). There is a mismatch between the share of employment
and its contribution to output, with a significant portion of the labour force concentrated in a
sector that is inefficient. In EU countries, although employment in agriculture is high, its
contribution to gross value added is only 1.8% (Kotodziejczak, 2025). A decrease in contribution
to value added, while maintaining employment, indicates structural limitations on productivity.
Thus, as development levels increase, the share of employment in the agricultural sector declines.
The decline in employment is accompanied by a reallocation of labour to more productive
activities and an increase in the overall efficiency of the economy.

Investments in the agro-industrial complex drive productivity growth and reduce labour
requirements. While direct investment is focused on productivity issues, investments in
technology or R&D in agriculture have a stronger impact. Therefore, Fugile (2018) stated that
technological development, land use, and investment in agricultural research are the main factors.
Thus, developed countries demonstrate higher productivity than developing countries
(Megyesiova, 2021). Consequently, direct investments have the effect of direct investment short-
term support (Mogues et al., 2015; Stads et al.,, 2023). Additionally, uneven access to capital
among private entities increases the gap. Therefore, investing in farms strengthens their positions
while others exit the market (Czubak & Pawtowski, 2024).

The investment flows into the agricultural sector do not yield the expected results. Clapp
(2017) demonstrated that the key problem lies in the very nature of modern agricultural
investment: financial flows are separated from actual production and function through complex
instruments (funds, derivatives, indices). As a result, process control is reduced, and
requirements are unclear. Clapp (2017) explained the lack of expected results by the fact that
investments function as financial instruments, separated from the production process, which
reduces control over project implementation. In contrast, Antwi-Bediako et al. (2019) showed
that inefficiencies arise at the investment decision-making stage, where expectations, rather than
production conditions, drive investment.

Consequently, projects are implemented with a mismatch between financial inputs and
actual utilisation capacity, resulting in land degradation, reduced food security, and loss of
household income. Nolte (2020) stated that the likelihood of a project's failure increases with
increasing project scale and the use of agrofuel crops. Thus, confirming that expanding
investment does not eliminate but rather amplifies the risk of inefficiency. According to Cochrane
etal. (2024), a mismatch between investor expectations and local conditions, along with problems
with market access, logistics, and labour, contributes to the failure of foreign investments. As a
result, projects prove financially unsustainable.

Methodological approaches to analysing the agricultural sector vary depending on the type
of data and the identification mechanisms used. Analysis of the impact of contract farming and
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the income structure is based on regression models using household data, which allow for
accounting for information asymmetries, imperfect monitoring, and selection into participation,
as well as for assessing the redistribution of income between agricultural and non-agricultural
activities (Bellemare, 2010; Bellemare, 2018). The use of lagged variables allows for accounting
for time dynamics and delayed effects in economic processes (Bellemare et al., 2017). The analysis
uses panel and regression models to identify robust relationships and account for differences
between short- and long-term effects (Zafeiriou et al., 2023; Yaqoob etal., 2023; Larik et al., 2024).

Kazakhstan's experience shows that investment in the agricultural sector faces the same
constraints as in other countries. Significant resource potential does not necessarily lead to the
expected economic results, and the effectiveness of investments depends on the conditions under
which they are formed and used. It is expected that the availability of resources provides the basis
for economic development and, therefore, is attractive to investment, especially in Kazakhstan's
agriculture sector (Zhanaltay, 2023). However, Alibekova et al. (2023) found that the agricultural
sector relies primarily on its own funds and has limited access to credit mechanisms. Therefore,
resource availability does not provide investment. According to Bekbossinova and Doszhan
(2025), fixed capital investments have a statistically significant impact on economic indicators.
Nevertheless, the effect is heterogeneous and depends on the regional structure and resource
distribution.

Existing studies examine the impact of investments through resource availability and access
to finance, as well as through institutional constraints in the agricultural sector. This study shows
how investment inputs affect output volume and production results. An analysis of empirical
studies in agricultural economics identified key indicator groups used to assess the sector's
quantitative development. The first group includes investment parameters reflecting the volume
and dynamics of investment. The second group comprises indicators characterising productivity
and resource efficiency. The third group includes macroeconomic indicators that reflect
agriculture's position in the economy. The identification of these groups determined the structure
of the methodological approach, in which indicators are grouped by functional characteristics and
used to assess the relationships among investment, productivity, and the sector's structural
characteristics.

3. Research methods

The analysis is based on annual data from the Bureau of National Statistics (2025). The data
covered 10 years, from 2015 to 2024. The indicators include investment activity, economic
structure, and productivity in the agro-industrial complex. The analysis is based on three groups
of indicators: investment activity, economic structure, and productivity. The variables were coded
to ensure consistency in subsequent statistical analysis.

Table 1. Variables and their coding.

Variable Description Unit of measurement
INV_NS Investment in fixed capital of the non-resource sector billion tenge

o .
INV_AGR_IND Index of physical volume of investment in agriculture % compare(i]Z(;l’fhe previous
INV_PRIV Private investment in fixed capital billion tenge
INV_AGR Investment in agriculture, forestry, and fisheries million tenge.
INV_TOTAL Total investment in fixed capital billion tenge
GDP_AGR_SH Share of agriculture in GDP %
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GDP_SH GDP (production method) %
% compared to the previous

GDP_IND GDP volume index year
GDP_AGR_IND Agricultural output index % compare(i]Z(;l’fhe previous
GVA_EMP Gross value added per employee (total economy) inhal;[iligrl::s/npderson
GVA_AGR_EMP Gross value added per employee in agriculture inhal;[iligrl::s/npderson

Note: compiled by the authors.

In the first stage, pairwise correlation analysis was conducted using Jamovi software. The
Pearson correlation coefficient was applied to assess the strength and direction of relationships

between variables by formula (1):
2 x-x) ;)

—t €Y}
S0 v’

r=

where:

X,y - observed values of variables;

X,y - mean values;

r - Pearson correlation coefficient.

Based on the correlation analysis, relationships of varying strength (weak, moderate, and
strong) were identified, enabling the selection of key variables for subsequent analysis. To account
for temporal delays in the impact of investment, a one-year lag structure was applied, comparing
investment indicators at time t with performance indicators at time t+1. The lagged relationship
can be formally represented as follows (2):

Y1 =f (Xo) (2)

where:
X, - investment indicator in year t;
Y.+ - resulting indicator in year t+ 1.

The lagged relationship analysis showed that the effect of investments is not immediate and
may appear in subsequent periods. Lagged correlation estimation was conducted for each selected
pair, and Pearson correlation coefficients were calculated using lagged variables by formula (3):

_ 2 XeX)(Yer1-Y)

Mag=F—————— (3)
4/2 X X) (Ve -1)*

The analysis allowed assessing whether relationships become stronger, weaker, or remain
unchanged when time delay is considered.

Multivariate analysis (MANCOVA). To assess the combined effect of explanatory variables on
multiple dependent variables, a multivariate analysis of covariance (MANCOVA) was applied. The
general form of the model is given by equation (4):

13
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Y=XB+E 4)
where:
Y - matrix of dependent variables;
X - matrix of independent variables;
B - matrix of coefficients;
E - matrix of residuals.

At the first stage, multivariate test statistics (Pillai's Trace, Wilks’ Lambda, Hotelling’s Trace,
Roy’s Largest Root) were used to determine whether the set of independent variables has a
statistically significant effect on the group of dependent variables. At the second stage, univariate
tests were conducted to assess the effect of each explanatory variable on each outcome indicator.
To assess the model's validity, the assumption of normality of the residuals was evaluated using a

Q-Q plot.

4. Results

The development of Kazakhstan's agro-industrial sector is accompanied by increased
investment activity and growth in certain economic indicators. Resources are directed into the
sector, productivity is increasing, and macroeconomic indicators are changing. However, existing
data do not allow for a definitive determination of how investments are linked to agricultural
performance and the extent to which they influence the sector's position in the economy. To assess
the current state, an analysis of investment, structural, and production indicators was conducted.
The results demonstrate growth across several parameters, but reveal a discrepancy between
investment volumes, the rate of change, and the resulting economic indicators.

Figure 1 presents the dynamics of investment indicators in Kazakhstan's agricultural sector.
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Figure 1. Dynamics of investment indicators in the agricultural sector of Kazakhstan for 2015-2024.
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Investment in the non-resource sector and private investment increased throughout the
period, both demonstrating a steady upward trend. Over 2015-2024, INV_NS grew more than
threefold (from 3.26 to 10.87 trillion tenge), while INV_PRIV increased approximately 2.7 times
(from 0.72 to 1.98 trillion tenge), indicating a sustained expansion of investment activity outside
the agricultural sector. In contrast, investment in agriculture exhibited less stable dynamics. It
increased significantly until 2023 (from 163,000 to 904,000), then declined to 694,000 in 2024,
reflecting the volatility and sensitivity of investment flows in the agricultural sector. Similarly,
total investment rose from 7.02 to 17.65 trillion tenge over the period but decreased to 13.61
trillion tenge in 2024, suggesting a general slowdown in investment activity in the final year.

The investment index for agriculture does not align with the observed dynamics of
investment volumes. Its values fluctuate irregularly, alternating between periods of growth and
decline. Over the study period, the index ranges from 147.1 to 79.4, indicating high volatility in
investment growth rates. While absolute investment volumes generally increase, their growth
rates remain unstable. The simultaneous increase in investment volumes and decline in the index
in 2024 indicates a deceleration in investment dynamics.

Investment trends showed that the bulk of investment is concentrated outside the
agricultural sector and is more stable. Investments in agriculture remain less significant and more
sensitive to change. Consequently, the agricultural sector is perceived as less stable. A general
slowdown in investment activity is expected in 2024, with agricultural investment becoming
dependent on external conditions and exhibiting limited sustainability.

Figure 2 shows changes in the structure of GDP and agricultural output.
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Figure 2. Dynamics of GDP structure and agricultural output in Kazakhstan for 2015-2024.

The share of agriculture in GDP declines from 4.8% to 3.8%, with a temporary increase to
5.4-5.2% in 2020-2022. The share of GDP by production method (GDP_SH, %) rises from 35.5%
to 40.0% by 2022, then falls to 35.9% in 2024. The GDP volume index increases from 100.1 to
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106.3. The agricultural output index ranges from 92.6 to 113.7. The dynamics of the GDP
structure and agricultural output showed that agriculture is sensitive to external factors,
including climatic conditions, production costs, and market conditions. Moreover, the growth of
agricultural output is not associated with its share of GDP. Despite overall economic growth, with
the GDP index rising from 100.1 to 106.3, agriculture did not recover in 2024; its share of GDP
remained at 3.8%.

Figure 3 illustrates the dynamics of labor productivity in the overall economy and in
agriculture.
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Figure 3. Dynamics of labor productivity in Kazakhstan and the agricultural sector for 2015-2024.

The gross value added per employed person in the economy and agriculture increases over
the period. However, for agriculture, the dynamics are less uniform. A decline is observed in 2023,
followed by an increase in 2024. The gap between GVA_EMP and GVA_AGR_EMP remains constant
throughout the period and widens. Agricultural productivity growth is lagging the overall
economy. Therefore, it is necessary to determine the nature of the relationship between
investments and sector performance. To this end, a correlation analysis between key indicators
was conducted to determine the presence and direction of statistical relationships (Figure 4).

The first block examined investment. Investment in the non-resource sector, private, total,
and agricultural investments exhibit highly synchronized dynamics, with increases in the non-
resource sector accompanied by simultaneous growth across all other investment categories.
Correlation coefficients between the indicators range from 0.67 to 0.73, while those between
INV_NS and INV_PRIV reach 0.95, indicating a synchronous change in investment flows. These
funding sources are interconnected and respond to the same economic conditions. Investment
growth occurs simultaneously across all sectors, without identifying the agricultural sector as a
separate investment area.
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Figure 4. Correlation matrix of investment indicators, economic dynamics and productivity of the agro-
industrial complex of Kazakhstan.

In contrast, the agricultural investment index exhibits weak or negative correlations with
other investment indicators, indicating a divergence between investment growth rates and
overall investment dynamics. Coefficient values range from -0.49 to -0.56, indicating an inverse
or weak relationship with investment volumes. The growth rate of investment in agriculture does
not correspond to actual investment volumes. Investment rates do not match investment
dynamics. Consequently, increased investment is not accompanied by a stable expansion of real
activity. Increased investment does not ensure uniform production growth.

The second block examined economic indicators. As overall GDP increases, the share of
agriculture decreases. The coefficient is -0.54, reflecting a decline in the sector's share as the
economy grows. This means that industry and services are growing faster than agriculture.
Economic growth is accompanied by faster development of other sectors.

The third block examined productivity and shows an increase in the GVA_AGR_EMP
indicator. The relationship between investment and productivity is moderate (0.55-0.87),
indicating a partial impact of investment on productivity. However, the increase in output per
worker does not occur simultaneously across all farms. Productivity growth is not uniform.
Similarly, productivity growth does notlead to a significant increase in agriculture's share of GDP.
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The coefficient of the relationship with GDP_AGR_SH is negative (-0.23), indicating the absence of
a structural effect.

After constructing the correlation matrix, a time-lag analysis was performed to verify
whether the impact of investments manifests itself in the current period or with a time lag. Pairs
of variables for which weak, ambiguous, or absent relationships have previously been identified
were used. The investment indicator values in year t were compared with the performance
indicators in year t+1. Table 2 presents a comparison of the agricultural investment index and
gross value added per employee with a 1-year lag.

Table 2. Lagged investment-productivity relationship in agriculture.

Year (t - t+1) Agricultural Investment Index, t Labor Productivity in Agriculture (t+1)
2015 - 2016 91.9 1401.9
2016 - 2017 147.1 1735.9
2017 - 2018 127.8 2076.6
2018 —» 2019 105.4 2466.0
2019 - 2020 139.2 3004.8
2020 - 2021 113.4 3350.7
2021 - 2022 133.2 4608.2
2022 — 2023 106.3 4235.3
2023 - 2024 101.7 5074.1

Note: compiled by the authors.

INV_AGR_IND values fluctuate widely (91.9-147.1), while GVA_AGR_EMP increases almost
throughout its entire trajectory, with a distinct decline in 2023. There is no direct correlation
between changes in the investment index and subsequent changes in productivity. High index
values (2016, 2019, 2021) are not accompanied by proportionally higher growth in
GVA_AGR_EMP the following year. Changes in the investment rate do not lead to a comparable
change in output per employee. For example, after a sharp rise in the index in 2016 (147.1), an
increase in GVA_AGR_EMP in 2017 does occur, but it continues the general trend and is not
attributable to an investment impulse. This pattern indicates the absence of a consistent
relationship between investment dynamics and labour productivity in agriculture.

Table 3 presents a comparison of private investment (INV_PRIV) and gross value added
per employee (GVA_AGR_EMP) with a 1-year lag.

Table 3. Lagged relationship between private investment and labor productivity in agriculture.

Year (t - t+1) Private Investment, t Labor Productivity in Agriculture (t+1)
2015 - 2016 7,25E+08 1401.9
2016 - 2017 7,52E+08 1735.9
2017 - 2018 7,77E+08 2076.6
2018 —» 2019 8,08E+08 2466.0
2019 - 2020 1,2E+09 3004.8
2020 - 2021 1,02E+09 3350.7
2021 - 2022 1,12E+09 4608.2
2022 - 2023 1,15E+09 4235.3
2023 - 2024 1,66E+09 5074.1

Note: compiled by the authors.

INV_PRIV shows a general increase with a temporary decline in 2020, while GVA_AGR_EMP
increases almost linearly until 2022. The relationship between the indicators is evident, but not
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straightforward. Increased private investment in 2019 is accompanied by an increase in
GVA_AGR_EMP in 2020, but the decline in investment in 2020 does not lead to a decline in the
indicator in 2021. The impact of private investment on productivity is indirect and not in every
period. Coincidence in the directions of change can be observed in certain areas, but there is no
clear correlation. Consequently, private investment is associated with productivity growth, but
this relationship is not consistent.

Table 4 presents a comparison of non-resource-sector investment and gross value added
per employee with a 1-year time shift.

Table 4. Lagged relationship between the non-resource investment and labor productivity in agriculture.

Year (t - t+1) Non-Resource Investment, t Labor Productivity in Agriculture (t+1)
2015 - 2016 3,26E+09 1401.9
2016 - 2017 3,45E+09 1735.9
2017 - 2018 4,03E+09 2076.6
2018 - 2019 4,9E+09 2466.0
2019 - 2020 5E+09 3004.8
2020 - 2021 5,4E+09 3350.7
2021 - 2022 6,69E+09 4608.2
2022 - 2023 7,57E+09 4235.3
2023 - 2024 9,33E+09 5074.1

Note: compiled by the authors.

INV_NS, variable, the investment in the non-resource sector increases throughout the
period. GVA_AGR_EMP also shows growth, except for a brief decline in 2023. This is where the
direction of change in the indicators most closely coincides. The increase in investment in 2018-
2021 is accompanied by an increase in GVA_AGR_EMP in 2019-2022. However, even in this case,
a strict correlation cannot be concluded, as productivity growth continues even during periods
of slowing investment. Investment in the non-resource sector is associated with productivity
growth in agriculture, but does not fully determine it.

Table 5 presents a comparison of the agricultural investment index and the physical
agricultural production index, with a 1-year lag.

Table 5. Lagged relationship between the agricultural investment index and agricultural output growth.

Year (t - t+1) Agricultural Investment Index, t Agricultural Output Growth (t+1)
2015 - 2016 91.9 105.4
2016 - 2017 147.1 103.2
2017 - 2018 127.8 103.8
2018 - 2019 105.4 99.9
2019 - 2020 139.2 105.9
2020 - 2021 113.4 97.8
2021 - 2022 133.2 109.1
2022 - 2023 106.3 92.6
2023 - 2024 101.7 113.7

Note: compiled by the authors.

INV_AGR_IND and GDP_AGR_IND variables change unevenly, without a consistent
direction. There is no consistent pattern between the indicators. A high investment index in
2016 does not lead to an increase in GDP_AGR_IND in 2017, while in 2021, despite a high index
value, a decrease in GDP_AGR_IND is observed in 2022. A change in the rate of investment does
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not lead to a corresponding change in the rate of agricultural output. There is no clear link
between investment and output in the short term.

Table 6 presents a comparison of the agricultural investment index and the share of
agriculture in GDP, with a 1-year time lag.

Table 6. Lagged relationship between the agricultural investment index and the share of agriculture in GDP.

Year (t - t+1) Agricultural Investment Index, t Share of Agriculture in GDP (t+1)
2015 - 2016 91.9 105.4
2016 —» 2017 147.1 103.2
2017 - 2018 127.8 103.8
2018 — 2019 105.4 99.9
2019 - 2020 139.2 105.9
2020 —» 2021 113.4 97.8
2021 - 2022 133.2 109.1
2022 - 2023 106.3 92.6
2023 - 2024 101.7 113.7

Note: compiled by the authors.

The results showed no consistency between INV_AGR_IND and GDP_AGR_SH. GDP_AGR_SH
declined from 5.4 to 3.8 after 2020. An increase in the investment index in 2019 did not lead to
an increase in agriculture's share in 2020. Investments do not have a noticeable impact on
agriculture's position in the economic development structure.

To assess the strength of the identified lagged relationships between investment and
performance indicators, Pearson correlation coefficients were calculated, and the results of
which are presented in the table (Table 7).

Table 7. Lagged Pearson Correlation between investment indicators and agricultural performance.

Lag pair variables r

INV_AGR_IND - GVA_AGR_EMP -0.116
INV_PRIV - GVA_AGR_EMP 0.882
INV_NS - GVA_AGR_EMP 0.959
INV_AGR_IND - GDP_AGR_IND 0.120
INV_AGR_IND —» GDP_AGR_SH 0.539

Note: compiled by the authors.

The results revealed differences in the strength and direction of the relationship between
investment and agricultural indicators. The INV_NS indicator showed the strongest positive
correlation with GVA_AGR_EMP (0.959), which indicated that increased investment in the non-
resource sector is associated with higher output per person employed in agriculture the
following year. The result for INV_PRIV (0.882) indicated that a 1-unit increase in private
investment is associated with an increase in output per person employed in agriculture the
following year. The INV_AGR_IND indicator showed no significant correlation with productivity
(-0.116) or output dynamics (0.120). However, the correlation with the share of agriculture in
GDP (0.539) is moderate, indicating that investment has only a partial influence on the sector's
position in the economic structure.

To clarify the nature of the identified relationships, an analysis is then conducted of the
dependence of investment indicators on the structure of agriculture in the economy and the
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level of productivity, to assess how investments are reflected not only in dynamics, but also in
the position of the sector in GDP and the efficiency of resource use.

Table 8. Correlation of investment indicators with agricultural structure and productivity.

Investment indicators GDP_AGR_SH GVA_AGR_EMP
INV_NS -0.474 0.957***
INV_AGR_IND 0.322 -0.482
INV_PRIV -0.597 0.871**
INV_AGR -0.525 0.554
INV_TOTAL -0.525 0.554
Investment indicators GDP_AGR_SH GVA_AGR_EMP
INV_NS -0.474 0.957***

Note: compiled by the authors.

The obtained values demonstrate differences in the impact of investment on the structure
of the economy and agricultural productivity. Negative coefficients between investment
indicators and GDP_AGR_SH (from -0.474 to -0.597) indicate that as investment increases,
agriculture's share of GDP decreases. Increased investment is accompanied by faster output
growth in other sectors of the economy. As a result, even with investment, agriculture accounts
for a smaller share of overall GDP.

The GVA_AGR_EMP indicator shows a different picture. The correlations with INV_NS
(0.957) and INV_PRIV (0.871) are high and positive; greater investment is associated with
higher output per person employed in agriculture. Labour productivity has increased. The
correlation with INV_AGR and INV_TOTAL (0.554) is moderate, indicating an effect, but it is not
consistently evident across periods. The INV_AGR_IND indicator demonstrates a weak positive
correlation with the share of agriculture (0.322) and a negative correlation with productivity (-
0.482). Changes in investment rates do not strengthen the sector's position in the economy.

In Table 9, there are results for multivariate tests.

Table 9. Multivariate Tests

Indfap endent Test value F df1l df2 p-value
variable

INV_NS Pillai's Trace 0.9828 143.173 2 5 <.001
Wilks' Lambda 0.0172 143.173 2 5 <.001
Hotelling's Trace 57.2692 143.173 2 5 <.001
Roy's Largest Root 57.2692 143.173 2 5 <.001
INV_AGR_IND Pillai's Trace 0.0636 0.170 2 5 0.849
Wilks' Lambda 0.9364 0.170 2 5 0.849
Hotelling's Trace 0.0679 0.170 2 5 0.849
Roy's Largest Root 0.0679 0.170 2 5 0.849
INV_PRIV Pillai's Trace 0.3093 1.120 2 5 0.396
Wilks' Lambda 0.6907 1.120 2 5 0.396
Hotelling's Trace 0.4479 1.120 2 5 0.396
Roy's Largest Root 0.4479 1.120 2 5 0.396

Note: compiled by the authors.

The conducted correlation analysis revealed the presence and direction of relationships
between investment indicators, productivity, and structural characteristics of the agro-
industrial complex. However, correlation only reflects the degree of joint change in variables
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and does not allow for assessing their impact when multiple factors are taken into account
simultaneously. Therefore, to clarify the identified relationships, a regression analysis was
conducted to assess the impact of investment indicators on agricultural productivity and its
share of the economy.

A multivariate analysis of variance (MANOVA) revealed that the impact of investment
indicators on the dependent variables is heterogeneous. The most pronounced effect is
demonstrated by the INV_NS indicator, for which all multivariate criteria are statistically
significant (p < 0.001). The relationship between investment in the non-resource sector and the
set of productivity and economic structure indicators is stable. The INV_AGR_IND (p = 0.849)
and INV_PRIV (p = 0.396) indicators showed a statistically insignificant effect.

In Figure 5, a Q-Q plot for the MANCOVA model is illustrated.

Squared Mahalanobis Distance
N

0 2 4
Chi-Square Quantiles

Figure 5. Q-Q Plot for Residual Normality in MANCOVA Model.

The Q-Q plot showed that the residuals are normally distributed, and the model
assumptions are met. This confirms the validity of the hypotheses tested regarding the impact
of investment indicators on agricultural productivity (GVA_AGR_EMP) and its share of GDP
(GDP_AGR_SH). Therefore, the results of testing the hypotheses that investment in the non-
resource sector impacts productivity, while investment in agriculture and private investment
show no significant effect, are statistically valid.

In Table 10, the results for univariate tests are presented.

Table 10. Univariate Tests

Independent Dependent Sum of df Mean F p-value

variable Variable Squares Square

INV_NS GVA_AGR_EMP 1.54e+7 1 1.54e+7 86.2728 <.001
GDP_AGR_SH 0.5955 1 0.5955 2.55 0.162

INV_AGR_IND GVA_AGR_EMP 51672.0133 1 51672.0133 0.2891 0.610
GDP_AGR_SH 0.0139 1 0.0139 0.0591 0.816

INV_PRIV GVA_AGR_EMP 308388.5172 1 308388.5172 1.55 0.237
GDP_AGR_SH 0.6305 1 0.6305 2.48 0.152

Residuals GVA_AGR_EMP 1.07e+6 6 178727.1323 - -
GDP_AGR_SH 1.41 6 0.2349 - -

Note: compiled by the authors.
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The results of the univariate analysis clarify the nature of the identified relationships. A
significant effect remains only for the INV_NS variable on agricultural labour productivity
(GVA_AGR_EMP, p < 0.001), while the effect on the share of agriculture in GDP (GDP_AGR_SH) is
not statistically significant (p = 0.162). The INV_AGR_IND and INV_PRIV indicators do not have
a statistically significant effect on any of the dependent indicators. The observed effect of
investment is limited to productivity growth and does not extend to agriculture's structural
position in the economy.

6. Conclusion

The study aimed to determine the nature of the relationships among investment in the agro-
industrial complex, productivity indicators, and agriculture's position in the structure of the Kazakh
economy, while accounting for possible lagged effects of investment.

The analysis revealed that increased investment volumes are not accompanied by sustained
improvements in agricultural production indicators or their share of GDP. The correlation matrix
revealed strong relationships within the investment cluster, whereas the index of physical
investment in agriculture shows weak, negative relationships with other investment indicators.
There is a discrepancy between the volume of investments and their actual results. It was revealed
that the strengthening of agriculture's position does not accompany economic growth. The
indicator for agricultural production dynamics does not form a stable relationship with investment.

Alagged relationship analysis revealed that investment has an uneven impact on performance
indicators. A significant positive correlation was found between total investment and labour
productivity in agriculture, while the agricultural investment index showed no significant impact
on output. This confirms that the impact of investment is partial and does not translate into
sustainable production growth.

The situation in Kazakhstan's agro-industrial complex doesn't appear critical, but it's also far
from sustainable. Investment volumes are growing, and output and productivity indicators are
generally improving, but there is no direct, stable link between investment and results.

Investments must be tied to specific production results. It is important to improve access to
financing for producers themselves, not just for large projects. Next, it is important to develop
processing, logistics, and marketing to ensure added value remains within the sector. Technological
upgrading and a stable environment for producers are more effective than large, one-time
investments. Reducing dependence on external factors through more sustainable production
solutions and diversifying activities within the agricultural sector remains key.
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