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This article examines the economic sustainability of food supply in the Republic of Tajikistan under the
combined effects of climate and demographic changes. The study extends the statistical and economic
assessment of long-term transformations in the country’s agricultural sector and shifts the focus from the
analysis of individual climatic and production indicators to evaluating the capacity of agricultural production to
meet the food needs of a growing population. The empirical basis of the study comprises data from the Agency
on Statistics under the President of the Republic of Tajikistan, FAOSTAT, the World Bank, and NASA POWER.
The sustainability of food supply is assessed through the interrelationship between population dynamics,
cereal production, crop yields, harvested areas, climatic parameters, and indicators of the economic accessi-
bility and affordability of food. Particular attention is paid to per capita grain production as an indicator reflecting
the combined effects of changes in agricultural production capacity and demographic pressure. The research
methodology includes time-series analysis, assessment of variability and interrelationships among indicators,
estimation of econometric relationships, and scenario-based calculations. The study aims to determine the
contribution of production, climatic, and demographic factors to changes in the level of food supply, as well as
to estimate the required increase in cereal yields needed to offset population growth and the potential
intensification of climate-related risks. The findings can be used to substantiate policy and strategic measures
aimed at improving agricultural productivity and strengthening the resilience of the national agri-food system.
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KIMUMATTbIK XXOHE JEMOIPA®USANbIK ©3rEPICTEP XXAFOAUbIHOAFbI
TOXIKCTAH PECNYBIIMKACBIHbIH A3bIK-TYJIIKNEH KAMTAMACHI3
ETY XYWUECIHIH S3KOHOMUKATbIK TYPAKTbINbIf bl

Acoes b5.X. — aKOHOMUKa fblribiMOapbiHbIH KaHOUGamebl, KaybiMOacmabipbliiFaH rpogheccop (doueHm),
UuGpIbIK 9KOHOMUKA XOHE Kapxbl chakynbmemiHiH 0ekaHbl, ToxikcmaHHbIH HHo8ayusinap xoHe yugprbik
mexHoroausinap yHusepcumemi.

Haypsbaesa K.b.* — «CapbiapkaAemolipom» XKLIC «Annop» 3aybimbiHbIH XaHa xobanapdbl icke Kocy
mobbiHbIH Xemekuwici, KocmaHal K., KazakcmaH Pecriybnukacsi.

A60ynno3oda X.A. — «Memnekemmik min xoHe Kasipai 3amaHrbl wemes mindepi» kaghedpacbiHbIH ara
oKkbImywnbickl, ToxikcmaHHbIH VIHHO8ayusinap XeHe yuhprbiK mexHonoausnap yHusepcumemi.

Axmed3o0a 3.[1. — nedazoauka fblibiMOapPbIHbIH KaHOuGambl, TexikcmaHHbIH VIHHosauusinap XoHe
UughpribIK mexHoroausiiap yHusepcumemi.

Makanada knumammelK xaHe demozpachusinbik e32epicmepOid Kamap Xypyi xardalibiH0a TaxikcmaH
PecniybniukacblHblH — a3blk-myrikneH Kammamachkl3 emy XyUeciHiH 3KOHOMUKarbIK — mypaKmbliibifbl
3epmmenedi. 3epmmey endiH agpapribiKk cekmopbiHOarbl y3aK Mep3imOi e3zepicmepdi cmamucmuKasibiK-3K0-
HoMuKarbiK baranayObl xanFacmbipa OmbIPbIf, XEeKene2eH KuMammblK xaHe eHOipicmik kepcemkiwmepoi
mandaydaH aybil Wapyauwbliibifbl ©HOIPICIHIH ©cin Kene XamkaH XasbiKmblH a3biK-myJikke 0e2eH Kaxem-
minieiH Kammamacbi3 emy oneyemiH baranayra 6acbiMOblK 6epedi. 3epmmeydiH aknapammabik 6a3acbiH
ToexikcmaH Pecniybnukacsi lNpesudeHmi xaHbiHOarbi Cmamucmuka azeHmmieiHiH, FAOSTAT depekkKopbi-
HbIH, dyHuexya3inik 6aHkmiH xoHe NASA POWER xyleciHiH pecmu cmamucmukarnbik 0epekmepi Kypalobil.
A3bIK-mynikneH Kammamachi3 emyQiH 9KOHOMUKasbIK mypakmblinblfblH XalblK caHbIHbIH OUHaMuKachl, 0oHOI
OaKbindap eHOIpiCiHIH Kenemi, onapObiH 6HiMAiniai, e2ic ankanmapbiHbIH MOWepI, KnuMammbIK napamemp-
1iep XoeHe asbiK-myrikmiH 3KOHOMUKarbIK KormkemimainiaiH cunammatmabiH Kepcemkiumep Xyleci HeaiziHde
baranay ycbiHbinadbl. ©HOIpicmik aneyem neH demozpachusinbiK Xykmemedeai biprieckeH eseepicmepdiH
HemMuXecCiH cunammaulmsiH MaHbI30bl UHOUKamop pemiHde xaH bacbiHa wakkaHOarbl acmblK ©HOIpiciHe
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epekwe Ha3ap aydapsbinadbl. 3epmmey adicmemeci OuHamukarsblK Kamapniapobi mandaydbl, Kepcemkiumep-
OiH eapuayusicbiH XoHe onapObiH e3apa balinaHbicbiH baranaydbl, IKOHOMempusinbiKk modensdep Kypyosi,
coHOali-aK cyeHapulinik ecenmeynep xypeisydi kKammudbl. 3epmmey 6apbicbiHOa a3blK-mysikrneH KamMmama-
cbI3 emy OeHeeliHiH e32epyiHe eHOIipicmiK, KnuMammblK xeHe demozpachusinbik chakmoprapObiH biknan emy
OspexeciH alikbiHOay, coHOal-aK XarblK caHbIHbIH 6CyiHeH mybiHOalmbiH 0emoepachusifibiK KbiCbIMObI XOHE
KnumammbiK mayekendepdiH bIKmumar KyuwetoiH meHaepy ywiH 0aHOIi Oakbindap eHimMOinigiHiH Kaxemmi ecy
KapKbIHbIH 6aranay ke3denedi. 3epmmey Homuxxenepi aybin wapyauwbiibiFbl 6HOIPICIHIH eHimOiniaiH apmmabi-
py, asbik-myriikneH Kammamachbi3 emyOiH 3KOHOMUKaslbIK mMypaKmblibIfbiH HblFalmy XeHe Y/mmblK agpo-
asblK-myriK XyUecCiHiH OPHbIKMbIMbIFbIH KaMmamacbi3 emy barbimmapbiH FbifibiMU mMypfbidaH Heezizdeyde
natiGanaHbliybl MyMKIH.

TytiH ce3dep: a3biK-mynikneH Kammamachi3 emy, SKOHOMUKaIbIK mypakKmblinblK, KuMammablH 632e-
pyi, demoepachbusinbik 6cim, acmbik eHOIpici, 0akbindapObiH eHiMOiriai, acmbiK UMIOPMAI.

3KOHOMMUYECKAA YCTOMYNBOCTb NPOOAOBONLCTBEHHOIO OBECMNEYEHMUA .
PECNYBJINKU TAIDKUKUCTAH B YCITOBUAX KNTUMATUYECKUX U OEMOIPA®UYECKUX UBMEHEHUA

Acoes B5.X. — kaHOudam 3KOHOMUYECKUX HayK, doueHm, OekaH hakyrnbmema Uyugposoli 3KOHOMUKU U
uHaHcos, YHusepcumem uHHoBauul u Uugposbix mexHomoaul TadxukucmaHa, 2. Kynsb, Pecnybnuka
TadxukucmaH.

Hayp3baesa K.bB.* — pykosodumernb epyrnbl 3arlycka HO8bIX rpoekmos, 3asod «Anmwop», TOO
«CapblapkaAsmollpom», 2. KocmaHau, Pecrniybnuka KaszaxcmaH.

A60ynno3o0a X.A. — cmapuwul npenodasamerib Kaghedpbi 20CydapCcmeeHHO20 s3biKa U CO8PEMEHHbIX
UHOCMpaHHbIX 513bIKO8, YHuUeepcumem UHHOB8auyul U uugposbix mexHonoeuli TadxukucmaHa, 2. Kynsob,
Pecnybnuka Tadxukucman.

Axmed3oda 3.[1. — kaHOudam nedaso2uyecKux Hayk, YHugepcumem UHHOB8auyull U UUPO8bIX
mexHonoeul Tadxukucmana, e. Kynsb, Pecriybnuka TadxXukucman.

B cmambe uccnedyemcsi 3KoHOMuUYeckasi ycmoudueocmb rpodo8osibcmeeHHo20 obecrieyeHus Pec-
nybnuku TadxukucmaH 8 ycrio8usix 0OHOBpPEMEHHO20 8030elicmausi KinuMamu4Yeckux u 0emoepaghudecKux
usmeHeHul. MiccnedosaHue npodomkaem cmamucmuKO-9KOHOMUYECKYI0 OUEHKY O0SI20CPOYHbIX USMEHeHUL
aspapHo20 cekmopa cmpaHbl U NepeHocum akueHm ¢ aHasnu3a omoeribHbIX KuMamu4yeckux U npou3eod-
CMBeHHbIX rokasamereli Ha OUEeHKY CriocCObBHOCMU CeflbCKOX03[UCmeeHHO20 rnpoudsodcmea obecrieyugams
pacmywyto 4ucrieHHOCMb HacesneHus. WHgopmayuoHHyrw 6a3y cocmaesnisitom OaHHble AseHmcmea o
cmamucmuke ripu lNpe3udeHme Pecriybnuku TadxukucmaH, FAOSTAT, BecemupHozo 6aHka u NASA POWER.
lMpednacaemcs oyeHusamp ycmoldueocms rpoAo8obCmMeeHHO20 obecrieyeHuUs1 Yepes coomHoweHue Ou-
HaMUKU HYUC/IeHHOCMU HacesieHUs, rpou3sodcmea 3epHO8bIX KySibmyp, ypoxalHocmu, NocesHbIx niowjaded,
KnuMamu4eckux rnapamempos U riokazameriel aKoHoMu4deckol AocmyrnHocmu rpodogornscmeus. Ocoboe
8HUMaHue ydernsemcs rpou3soocmey 3epHa 8 pacdeme Ha Oyly HacerfleHUsl KaK rokasamersio, ompa-
JKarowemy pesyrnbmam CO8MeCmHO20 USMEHEHUS npou3eodcmeeHHO20 nomeHyuana u 0emoepaghudeckol
Haepysku. Memoduka uccrnedogaHus npedycMampusaem aHanu3 OUHaMu4yeckux psi0os, OUEHKy sapuayuu u
e3aumocesizell nokasamerel, NOCMPOEHUEe 3KOHOMEMPUYECKUX 3asucumocmell U CuyeHapHble pacyemsi.
lpednonazaemcs onpedenums 8knad npou3sodCMEEHHbIX, KInuMamu4yeckux u 0emozpaguyeckux ghakmo-
po8 8 U3MeHeHuUe ypoBHSI MpoO0BOIbLCMBEHHO20 0becreyeHuUsi, a makxe OoUueHUmMb Heobxol0umbili pocm
ypoxaltiHoCcmu 3epHO8bIX Kynbmyp 0N KOMIeHcayuu yeenuyeHus YUCIeHHOCMU HaceeHusi U 803MOXHO20
ycuneHus Knumamuyeckux puckos. NosyqyeHHbie pe3ynsmambsl Mo2ym 6bimb UCoIb308aHbl Npu 060cHo8a-
HUU HarnpasneHul rnosbileHUs npou3eodumerbHOCMU CelbCKO20 Xo3slicmea U ycmoliqueocmu HayUuoHarlb-
Hol a2pornpod080/1bCMBEHHOU cUCMeMbI.

Knroyeeble cnoea: npodososibCmeeHHoe obecrnevyeHue, IKOHOMUYeCcKas ycmoUl4yugocmb, UMEHEHUE
Knumama, demoepaghuyeckull pocm, 3epHO80€ MpPou38o0CME0, ypoxaliHoCMb, UMIOPM 3€PHOBLIX.

Introduction

Ensuring a sustainable food supply for the population is one of the fundamental conditions of a country’s
socio-economic stability. For countries with limited land and water resources, this issue is determined not only
by the absolute volume of agricultural production, but also by the relationship between changes in production
capacity, population dynamics, and shifts in natural and climatic conditions. As the population grows, an
increase in gross agricultural output alone does not necessarily guarantee a corresponding improvement in
food availability if production growth is insufficient to offset additional domestic demand [1].

For the Republic of Tajikistan, this issue is particularly important due to the combination of limited land
suitable for agricultural use, the significant role of irrigated agriculture, and crop production’s dependence on
water availability. Climate change further complicates this relationship [2]. Rising air temperatures increase
evapotranspiration and crop water requirements, while the uneven distribution of precipitation raises the risk
of moisture deficits during specific stages of the growing season. Previous research has shown that the
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sensitivity of agricultural production in Tajikistan is shaped by a combination of climatic, water-related, and
technological factors [3].

Contemporary studies of food supply sustainability in Tajikistan examine this issue both at the level of
agricultural production and from the perspective of the resilience of farms and households. Egamberdiev et al.
identified a positive relationship between farm resilience and food security indicators in Tajikistan [4]. Another
study by these authors confirms the role of household resilience and adaptation strategies in reducing
vulnerability to food insecurity [5]. Research on the grain sector indicates that the sustainability of wheat
production is associated with crop yields, seed quality, and the technological characteristics of production [6].
At the same time, farmers’ crop choices and adaptive behavior depend on a combination of economic,
resource-related, and external factors [7]. Nevertheless, the quantitative relationship between grain production
dynamics, demographic pressure, and external trade-based food supply at the national level remains
insufficiently studied, which defines the focus of the present research.

At the same time, the long-term development of the agricultural sector has been characterized by a
substantial increase in production capacity. The results of previous research show that gross output grew more
rapidly than the area under crops, indicating the increasing importance of crop yields and other factors
associated with the intensification of agricultural production. In particular, over the period studied, a strong
relationship was found between gross grain production and crop yield (r=0.984r = 0.984), whereas the
relationship between gross grain production and the size of the cultivated area was considerably weaker
(r=0.564r = 0.564) [8].

However, an increase in aggregate production does not necessarily result in a proportional improvement
in food availability for the population. Per capita grain production exhibited less stable dynamics than aggregate
production: its maximum value was recorded in 2009, while the average level for 2020-2024 was lower than
that observed during 2010-2019. This makes it possible to approach the economic sustainability of food supply
from a broader perspective: not only as the ability of the agricultural sector to increase production, but also as
its capacity to maintain an adequate level of output relative to a changing population under climate-related
constraints.

The economic dimension of food supply sustainability is likewise not limited to the physical availability
of agricultural products. Growth in household income determines the capacity for effective demand, while food
imports can partially compensate for insufficient domestic production. In previous research, GDP per capita
was identified as an indirect indicator of the economic accessibility of food and was considered in conjunction
with agricultural production, cereal yields, imports, population size, food prices, and climatic parameters [9].

Accordingly, the aim of this study is to assess the economic sustainability of food supply in the Republic
of Tajikistan by quantitatively determining the relationship between agricultural production dynamics,
demographic pressure, and climatic factors, as well as by identifying the level of grain production productivity
required to maintain an adequate level of food supply for the population.

To achieve this aim, the study examines the dynamics of cereal production and population size;
assesses changes in per capita grain production; identifies statistical relationships between climatic conditions,
crop yields, and grain production; determines the impact of population growth on per capita food availability;
develops scenarios of changes in food supply; and estimates the level of cereal yield required to offset
demographic and climate-related pressures.

Materials and Methods

The empirical basis of the study consists of official statistical publications of the Agency on Statistics
under the President of the Republic of Tajikistan [10], FAOSTAT data on cereal production, harvested area and
yield [11], World Development Indicators data on population dynamics [12], and meteorological data from the
NASA POWER system [13].

Data for 2020—2024 are used to assess the current situation. For the analysis of long-term relationships
and subsequent econometric modeling, it is appropriate to use a comparable annual time series covering
1993-2024. A five-year period alone is insufficient for the reliable estimation of multivariate econometric
models and is therefore used primarily to characterize current structural trends.

According to FAOSTAT methodology, cereal indicators refer to crops harvested for dry grain. Crops
harvested for hay, green fodder, or silage are not included in this category. In addition, the FAOSTAT area
indicator refers to harvested area, rather than sown area in the narrow statistical sense. Therefore, the term
“harvested area of cereal crops” is used throughout the calculations in this study.

To assess demographic pressure, per capita grain production is calculated as follows:

@

where GPC; is the volume of domestic grain production per capita in year t, t/person; G, is the total volume of
grain production in year t, t; POP, is the population in year t, people.

If the volume of grain production is expressed in tons, and the indicator needs to be presented in
kilograms per person, the formula is used:

Gt
POP¢

GPC, =

G¢ X 1000
POP¢

GPC, = @)
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In this case, GPC, is measured in kg/person.

This indicator allows us to determine whether the dynamics of domestic production are consistent with
the rate of population change. An increase in G, with a simultaneous decline or stagnation in GPC, indicates
that the increase in gross output is largely absorbed by demographic growth.

However, for a country that relies on grain imports to meet domestic needs, the indicator of domestic
per capita production does not reflect the full volume of available resources. Therefore, an additional indicator
of gross available grain resources is calculated:

GR, = G, + IMP, — EXP, (3)

where GR; is gross available grain resources; G, is domestic production; IMP is import; EXP, is export.
Accordingly, the provision of gross grain resources per capita is determined as:

(4)

GRPC, indicator is more meaningful for analyzing the resource side of food supply, as it takes into
account both domestic production and foreign trade. However, it should not be interpreted as the actual grain
consumption of the population. The formula does not account for changes in stocks, seed use, feed purposes,
technological processing, and losses. Therefore, the indicator is used as an analytical indicator of gross
resource security, rather than as a direct indicator of food consumption.

To analyze the factors of change in grain production, the production ratio is used:

Gt = At x Yt/1000 (5)

where Gt is cereal production in year t, tonnes; At is the harvested area of cereal crops in year t, ha; and Yt is
cereal yield in year t, kg/ha. Division by 1,000 converts kilograms into tonnes.. This relationship makes it
possible to distinguish between the extensive component of production growth, associated with changes in
harvested area, and the intensive component, associated with changes in yield. To characterize the dynamics
of indicators, absolute and relative changes are calculated:

Gt + IMP — EXP¢
POP¢

GRPCt =

AX = Xt - XO
Ty = (jj—; - 1) x 100% (6)

where X, and X; are the values of the analyzed indicator in the base and reporting periods, respectively.

Of particular importance in the study is the calculation of the crop yield required to compensate for
population growth. If the target level is the basic domestic grain production per capita q,, then the required
crop yield is determined:

re qo X POP¢
vt = 2 (1)
Where

Go

qo = POP, (8)

The economic meaning of the formula is that, given a known population size and a limited area of grain
crops, it is possible to determine the minimum yield necessary to maintain the basic volume of domestic grain
production per capita.

Taking into account foreign trade, the formula expands:

yred — GRPC" x POP; — IMP; + EXP; (

t At

9)

where GRPC * is the target level of grain resources per capita. This formulation allows us to assess the extent
to which the required domestic yield depends on the scale of import coverage.

When modeling the possible reduction in yield due to climate impact of magnitude &, the required
potential yield can be calculated as follows:

clim _ Y
Yt = m (10)

For example, with an expected climate-induced reduction in actual crop yields by 5%, the production
and technological potential must exceed the normal calculated level so that, after the climate risk has been
realized, the actual crop yields do not fall below the level necessary to maintain the specified per capita supply.

The climate research block is formed on the basis of NASA data POWER [13]. The system provides
time series of meteorological parameters, including air temperature and precipitation, with daily data available
since 1981, ensuring temporal comparability with the main study period. For agricultural analysis, it is advisable
to use average air temperature and precipitation for both the calendar year and the main growing seasons.
Given the pronounced spatial heterogeneity of Tajikistan's territory, climate data should be aggregated across
major agricultural zones, rather than presented as the value of a single arbitrary geographic point.
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The econometric stage primarily involves assessing the impact of climatic factors on crop yield, since
regressing production simultaneously on area and crop yield would largely reproduce the arithmetic identity Gt
=AxY+/1000. In general, the crop yield model can be represented as:

ln Yf = a + ﬁth + ﬁZPf + ﬁ:;,TT'eTldt + E (11)

where T, is the temperature indicator, P, is the amount of precipitation, Trend, is the time trend reflecting the
combined impact of technological and organizational-economic changes, &, is the random error.

Before estimating the models, the time series should be tested for trends and stationarity. If non-
stationarity is detected, growth rates, first differences, or other appropriate transformations should be applied
to reduce the risk of spurious regression. In addition, autocorrelation, heteroscedasticity, and multicollinearity
should be diagnosed.

Food accessibility is considered an additional dimension of sustainability. GDP per capita, income
dynamics, the consumer price index for food, and import costs can be used as macroeconomic indicators.
However, GDP per capita is considered only as an indirect indicator of potential solvency, not as a direct
measure of food accessibility for individual households.

Results and discussion

An analysis of indicators for 2020-2024 reveals significant differences in the dynamics of production
and demographic factors.

Table 1 — Key Indicators of Cereal Production and Demographic Dynamics in Tajikistan, 2020-2024

Year PorfJeu(I)?)tlieon, Harvgers;ﬁ:j' ﬁ;ea of Yield, kg/ha Grain pr(t)duction, c;gi?:,uféi/(;)lfs%rn_
2020 9,749,310 372,860 3,526 1,313,000 134.7
2021 9 966 908 377 362 3,885 1,465,000 147.0
2022 10 182 222 372191 3,926 1,460,000 143.4
2023 10,389,799 373,837 3,733 1,395,442 134.3
2024 10,590,927 376 457 4124 1,552,464 146.6

Source: compiled by the authors based on FAOSTAT [11] and World Development Indicators [12];

World Bank data [12] confirm that Tajikistan’s population reached 10,590,927 in 2024, while updated
FAO data report cereal production of 1,552,464 tonnes and a cereal yield of 4,124 kg/ha.

Over the period under review, the harvested area of cereal crops increased from 372.9 to 376.5
thousand hectares, or by only 0.96%. At the same time, cereal yield rose from 35.26 to 41.24 centners per
hectare, corresponding to an increase of approximately 16.96%. Cereal production increased by about 18.2%.
These dynamics indicate that expansion of the physical land base was not the main source of output growth.
Production growth was driven primarily by higher output per unit of land.

This result is of fundamental importance for assessing the future sustainability of food supply. With the
harvested area remaining virtually stable, the scope for extensive expansion of cereal production is limited.
Consequently, further compensation for population growth should be achieved primarily through higher yields,
lower production losses, and more efficient use of water, material, technical, and technological resources.

At the same time, the country’s population increased by approximately 8.6% during 2020—-2024. Despite
the higher growth rate of gross cereal production, per capita production did not follow a consistently upward
trend. In 2020, the indicator was approximately 134.7 kg per person; it increased to 147.0 kg in 2021, declined
again to 134.3 kg in 2023, and recovered to 146.6 kg only in 2024.

Therefore, growth in gross production and growth in per capita availability are not identical processes.
During periods of unfavorable yield dynamics, population growth can significantly intensify the decline in the
per capita indicator. Thus, between 2022 and 2023, continued population growth coincided with a decline in
gross grain production, resulting in lower domestic production per capita. This confirms the need to account
for the demographic factor when assessing the development of the agricultural sector.

The positive outcome observed in 2024 also requires substantive interpretation. Compared with 2023,
cereal production increased by approximately 11.3%, whereas harvested area grew by only 0.7%. Yield
increased by about 10.5% over the same period. Thus, almost the entire increase in output was again
associated with the intensive factor. Updated FAO data report cereal yields in Tajikistan at 4,124 kg/ha in 2024,
compared with 3,733 kg/ha in 2023.

The increasing role of yield has a dual significance for economic sustainability. On the one hand,
intensification makes it possible to increase output under conditions of limited land availability. On the other
hand, the strong dependence of production outcomes on yield increases the importance of the factors that
directly determine yield fluctuations, particularly water availability, temperature, the amount and seasonal
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distribution of precipitation, the quality of agricultural technologies, and the condition of irrigation infrastructure.
This dependence is especially important for Tajikistan, where irrigation is a critical component of agricultural
production and food supply.

A second important dimension of sustainability is related to foreign trade in cereals. In 2024, cereal
imports amounted to 1,334,115 tonnes, compared with 1,175,745 tonnes in 2023, representing an increase of
13.47%. Exports remained negligible, at approximately 2 tonnes in 2024 and 18 tonnes in 2023. The
substantial scale of cereal imports makes it necessary to consider not only their physical volume, but also their
value characteristics and their contribution to the formation of the country’s total grain resource base.

To quantitatively assess the foreign trade component of food supply, data from the FAOSTAT Detailed
Trade Matrix were used. This database provides information on the physical volumes and monetary values of
imports and exports of agricultural products. Its use makes it possible to assess not only the scale of external
cereal supplies, but also their contribution to the formation of the country’s overall resource availability [14].

Table 2 — Indicators of Cereal Imports and Their Role in the Resource Supply of the Republic of
Tajikistan, 2023-2024

Indicator 2023 2024 Absolute change | Rate of change,
%

Cereal imports, tonnes 1175745 1334115 +158 370 +13,47
Value of cereal imports, USD million 331,804 324,727 -7,077 -2,13
Average unit value, USD/tonne 282,21 243,40 -38,81 -13,75
Cereal imports per capita, kg/person 113,16 125,97 +12,81 +11,32
Ratio of imports to domestic 84,26 85,94 +1,68 n.n. -
production, %
Share of imports in gross grain 45,73 46,22 +0,49 n.n. -
resources, %

Source: compiled by the authors based on data from the FAOSTAT Detailed Trade Matrix [14] and World
Development Indicators [12];

The data presented in Table 2 demonstrate the substantial role of external supplies in the formation of
grain resources in the Republic of Tajikistan. In 2024, the physical volume of cereal imports reached 1,334.1
thousand tonnes, increasing by 158.4 thousand tonnes, or 13.47%, compared with 2023. At the same time,
the total value of cereal imports decreased from USD 331.8 million to USD 324.7 million, or by 2.13%. As a
result, the average estimated unit value of imported cereals declined from USD 282.21 to USD 243.40 per
tonne, representing a decrease of 13.75%. This indicator is calculated as the ratio of the total value of cereal
imports to their physical volume and should not be interpreted as the market price of any individual type of
cereal product.

The significance of the foreign trade factor is also confirmed by FAO estimates: imports account for more
than half of Tajikistan’s domestic cereal requirements, while wheat represents more than 90% of total cereal
imports [15].

On a per capita basis, cereal imports increased from 113.16 kg in 2023 to 125.97 kg in 2024, or by
11.32%. At the same time, the ratio of imports to domestic cereal production rose from 84.26% to 85.94%,
while the share of imports in estimated gross grain resources increased from 45.73% to 46.22%. These ratios
confirm the substantial compensatory role of imports in supplying the domestic market with grain resources.
However, significant dependence on external supplies also increases the sensitivity of the national food system
to changes in global market conditions, import costs, exchange-rate movements, and the reliability of transport
and logistics channels. Therefore, the assessment of the economic sustainability of food supply should take
into account both the production potential of domestic agriculture and the scale and economic characteristics
of external trade-based supply.

For the quantitative assessment of overall resource availability, the following analysis uses indicators of
estimated gross grain resources. Based on the proposed formula, gross grain resources in 2023 amounted to:

GRy0p3 = 1395442 + 1175745 — 18 = 2571169

Per capita, t/person:

2571169

GRPC = ——
2023 10389799

= 0,2475

This corresponds to 247.5 kg per capita. For 2024, gross available grain resources amounted to, tonnes:
GRy924 = 1552464 + 1334115 — 2 = 2886577
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Per capita grain resource availability was, t/person:

2886577
GRPCy024 = To250077 = %2726

The resulting value corresponds to 272.6 kg of grain resources per capita.

Consequently, gross grain resources increased by approximately 12.3% in 2024 compared with 2023,
while the per capita indicator rose by about 10.1%. Thus, during this period, growth in domestic production
was supplemented by an increase in imports, allowing total resource availability to expand more rapidly than
the population.

However, the structure of these resources highlights the substantial role of the external market. In 2024,
the volume of cereal imports was equivalent to approximately 86% of domestic cereal production, while their
share in the estimated gross grain resources reached about 46%. Imports therefore perform an important
compensatory function, but at the same time create another type of economic risk. The sustainability of food
supply becomes dependent not only on the condition of domestic agriculture, but also on world market prices,
the purchasing capacity of the economy, exchange-rate movements, transportation costs, and the reliability of
trade channels.

Accordingly, an increase in imports cannot be interpreted unequivocally as either a deterioration or an
improvement in food supply sustainability. From the perspective of physical availability, additional imports can
compensate for insufficient domestic production. From the perspective of economic sustainability, excessive
dependence on imports may increase exposure to external price and logistics shocks. Therefore, it is
analytically important to distinguish between self-sufficiency based on domestic production and overall
resource availability that takes foreign trade into account.

The results also confirm the need for a separate analysis of climatic factors. Since cereal-growing areas
have changed only slightly in recent years, while most of the increase in production has been driven by higher
yields, climate-induced fluctuations in crop yields may have a stronger effect on food availability than changes
in land area. Rising temperatures and more frequent periods of extreme heat increase the importance of
efficient irrigation and water-saving technologies. The World Bank directly links the modernization of
Tajikistan’s irrigation infrastructure with greater climate resilience in agriculture and improved food security
[16].

From an economic perspective, this means that the principal reserve for improving domestic food supply
lies not in the mechanical expansion of cultivated areas, but in increasing the productivity of the resources
already in use. Given persistent land constraints, the sustainability of the system will depend on its ability to
maintain rates of yield growth that exceed, or at least offset, the increase in demographic pressure and
potential climate-related losses.

Several limitations should be taken into account when interpreting the results. First, data for 2020-2024
make it possible to characterize the current situation, but are insufficient for the reliable identification of long-
term econometric relationships. Second, the gross grain resources indicator does not account for changes in
stocks or the different end uses of grain. Third, national and international statistical databases may apply
different methodologies and may subsequently revise previously published data. Therefore, when constructing
a time series for 1993-2024, it is essential to use a single internally consistent FAOSTAT series and to avoid
mechanically combining values from different statistical revisions.

Conclusion

The analysis demonstrates that the economic sustainability of food supply in the Republic of Tajikistan
should be assessed not only on the basis of changes in gross agricultural production, but also by taking into
account the relationship between production capacity, population size, foreign trade flows, and climatic
constraints.

During 2020—-2024, cereal production increased considerably faster than harvested area. While
harvested area expanded by approximately 1%, cereal yield increased by almost 17%, and gross production
rose by more than 18%. This indicates the predominance of an intensive pattern of production growth and
confirms the key role of yield improvement in further increasing the domestic supply of grain.

At the same time, the country’s population increased by approximately 8.6% over the period under
review. As a result, the dynamics of per capita grain production were more volatile than those of gross
production: increases in the per capita indicator in some years were followed by declines in others.
Consequently, population growth partially absorbs the effect of expanding agricultural production and should
therefore be considered an independent source of pressure on the national agri-food system.

Calculations incorporating foreign trade show that imports represent a significant component of
Tajikistan’s grain resource base. In 2024, cereal imports reached 1.334 million tonnes, while domestic
production amounted to 1.552 million tonnes. The estimated volume of gross available grain resources was
approximately 2.887 million tonnes, or 272.6 kg per capita. This is substantially higher than the indicator
calculated on the basis of domestic production alone, which amounted to 146.6 kg per capita. Therefore,
excluding imports from the analysis would provide an incomplete representation of the actual resource base
of food supply.
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At the same time, the substantial role of imports creates a tension between physical and economic
sustainability. On the one hand, external supplies make it possible to compensate for insufficient domestic
production. On the other hand, they increase the exposure of the food system to international market conditions,
prices, exchange-rate developments, and transport and logistics risks. Therefore, the strategic objective should
not be the complete substitution of imports at any cost, but rather the formation of a rational balance between
improvements in domestic productivity and the use of foreign trade mechanisms to stabilize food supply.

Given the limited scope for expanding cereal-growing areas, yield growth remains the principal domestic
reserve for strengthening sustainability. In this context, particular importance should be attached to improving
irrigation efficiency, introducing water-saving technologies, upgrading agricultural practices, using more resi-
lient crop varieties, reducing production losses, and adapting agricultural production to changing climatic
conditions.

The proposed methodology makes it possible to quantitatively determine the level of cereal yield
required to offset population growth and, when a scenario-based climate coefficient is incorporated, to estimate
the additional productivity increase needed to compensate for potential climate-related losses. Thus, the
economic sustainability of food supply is viewed not as a static condition, but as the capacity of the agri-food
system to maintain an acceptable level of resource availability for the population under the simultaneous
influence of demographic, production, foreign trade, and climatic factors.

Further research should be based on a single, internally consistent time series for 1993-2024,
incorporating cereal production, harvested area, crop yields, population size, imports and exports, as well as
temperature and precipitation indicators from NASA POWER. This would make it possible to move from the
structural patterns identified in the present study to an econometric assessment of the sensitivity of cereal
yields to climate change and to the development of food supply scenarios for Tajikistan under alternative
trajectories of population growth.
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