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ABSTRACT
Relevance. Rapid urbanization, declining agricultural lands, and  increasing 
water scarcity make it essential to rethink the spatial organization of agricul-
ture and its integration into urban food policies. In Samarkand, these pressures 
threaten local food supply stability and highlight the potential of nearby agri-
cultural zones.
Research Objective. This study aims to evaluate the agribusiness potential of 
Samarkand’s suburban districts in ensuring a sustainable food supply for the ur-
ban agglomeration.
Data and Methods. The methodology integrates spatial analysis, agroeconom-
ic assessment, and geoinformation technologies. Key data sources include of-
ficial statistics for 2023–2024, satellite imagery, and calculations of gross agri-
cultural output by district. The study identifies the functional zoning of the Sa-
markand agro-belt, calculates self-sufficiency coefficients for major agricultural 
products, and develops scenario models incorporating water availability, urban 
growth, and changes in production structure.
Results. The analysis reveals pronounced territorial differences in production 
potential. Under the sustainable development scenario, Akdarya and Pastdar-
gom districts demonstrate the highest self-sufficiency, while the crisis scenar-
io shows substantial declines in vulnerable districts such as Taylak and Jomboy. 
The study also shows the decisive role of logistical integration and infrastruc-
tural accessibility in maintaining a resilient food system.
Conclusions. The study highlights the need for a territorially adapted food 
security strategy focused on strengthening local production, enhancing spa-
tial  integration of agro-zones, and  improving  institutional coordination be-
tween urban and rural areas. The proposed methodological approach is appli-
cable to other cities in Central Asia experiencing similar agrarian and environ-
mental pressures.
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АННОТАЦИЯ
Актуальность. Интенсивная урбанизация, деградация сельскохозяй-
ственных угодий и  нарастающий дефицит водных ресурсов усиливают 
необходимость переосмысления пространственной организации сель-
ского хозяйства и  его интеграции в  городскую продовольственную по-
литику. Для Самарканда данные процессы создают угрозы устойчивости 
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локального продовольственного обеспечения и подчеркивают важность 
оценки потенциала пригородных аграрных зон.
Цель исследования. Целью работы является оценка потенциала агробиз-
неса пригородных районов Самарканда в обеспечении устойчивого про-
довольственного снабжения городской агломерации.
Данные и методы. Методологическая основа исследования включает ин-
теграцию методов пространственного анализа, агроэкономической оцен-
ки и  геоинформационного моделирования. Основные источники дан-
ных охватывают официальную статистику за 2023–2024 гг., спутниковые 
снимки и расчеты валового сельскохозяйственного производства по рай-
онам. В исследовании выполнено функциональное зонирование агропоя-
са Самарканда, рассчитаны коэффициенты самообеспеченности по клю-
чевым видам продукции, а также разработаны сценарные модели с уче-
том водообеспеченности, урбанизационного роста и  трансформации 
производственной структуры.
Результаты. Анализ выявил существенные территориальные разли-
чия в  производственном потенциале. В  устойчивом сценарии развития 
наиболее высокие показатели самообеспеченности демонстрируют Ак-
дарьинский и  Пастдаргомский районы, тогда как кризисный сценарий 
фиксирует резкое снижение значений в уязвимых районах, включая Тай-
лакский и Джамбайский. Результаты подчеркивают ключевую роль логи-
стической интеграции и инфраструктурной доступности в поддержании 
устойчивой городской продовольственной системы.
Выводы. Установлено, что эффективная продовольственная стратегия 
должна быть территориально адаптированной и включать меры по укре-
плению локального производства, усилению пространственной интегра-
ции агрозон и улучшению институциональной координации между го-
родскими и сельскими территориями. Предложенный методологический 
подход может быть применен к другим городам Центральной Азии, ис-
пытывающим схожие аграрно-экологические вызовы.
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摘要
现实性：快速城市化、农业用地退化以及水资源日益短缺，使得人们越
发需要重新思考农业的空间布局及其与城市粮食政策的融合。对撒马尔
罕而言，这些进程对当地粮食供应的可持续性构成了威胁，也凸显了评
估郊区农业区域潜力的重要性。
研究目标：本研究的目的是评估撒马尔罕郊区农业企业在保障城市集聚
区可持续粮食供应方面的潜力。
数据与方法：本研究的方法论基础融合了空间分析、农业经济评估和地
理信息建模等方法。主要数据来源包括2023–2024年的官方统计数据、
卫星影像以及按地区计算的农业总产出。研究中对撒马尔罕农业带进行
了功能区划，计算了关键产品类型的自给率，并结合水资源保障、城市
化进程和生产结构转型等因素，构建了情景模型。
研究结果：分析揭示了生产潜力方面显著的地区差异。在可持续发展情
景下，阿克达里亚区和帕斯特达尔戈姆区的自给率指标最高；而在危机
情景下，包括泰拉克区和占拜区在内的脆弱地区则出现自给率急剧下降
的情况。研究结果凸显了物流一体化与基础设施通达性在维持可持续城
市粮食系统中的关键作用。
结论：研究结果表明，有效的粮食战略必须因地制宜，并包含强化本地
生产、加强农业区域空间整合以及改善城乡地区之间制度协调等措施。
所提出的方法论方法可应用于中亚其他面临类似农业生态挑战的城市。
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Introduction
Ensuring sustainable food security in rapidly 

urbanizing regions is a pressing challenge world-
wide, as cities face increasing pressure on local ag-
ricultural systems and food supply chains. In Sa-
markand, the peri-urban agricultural areas have 
traditionally formed a vital “green belt,” supported 
by fertile soils, established irrigation systems, and 
favorable climatic conditions, providing a steady 
supply of  vegetables, fruits, and dairy products. 
Today, however, this agrarian potential  is steadi-
ly eroding. Rapid urban expansion, land fragmen-
tation, the conversion of farmland for construc-
tion, water scarcity, and declining profitability of 
agricultural labor are placing increasing pressure 
on these areas, increasing the city’s dependence 
on external food supplies and weakening the re-
silience of  its local food system (Olsson, 2018; 
Ochoa et al., 2020; Аvila Sаnchez, 2024).

Contemporary challenges to food securi-
ty mirror broader trends observed  in rapidly 
growing Central Asian cities but are particularly 
acute  in Samarkand. Population growth, shifting 
consumption patterns, food price  volatility, and 
deteriorating  irrigation  infrastructure limit agri-
cultural productivity. The absence of a coherent 
food planning framework further exacerbates the 
problem: weak coordination between production, 
logistics, and distribution reduces efficiency, and 
peri-urban agricultural zones remain insufficient-
ly integrated into the urban economy.

Despite the region’s long-standing agricultur-
al traditions, there  is no comprehensive frame-
work capturing the functional and spatial organi-
zation of Samarkand’s agrarian belt or  its role  in 
urban food provision. Existing studies are frag-
mented and predominantly statistical, overlook-
ing spatial heterogeneity in production, logistical 
linkages, and  integration  into the urban–region-
al food system. A range of questions, such as the 
mechanisms of territorial organization of agri-
business complexes, their adaptability to climat-
ic constraints, and the contribution of individual 
peri-urban districts to the city’s food security, re-
main  insufficiently explored, defining a clear re-
search gap.

This study addresses these gaps by develop-
ing a functional and spatial model of agribusiness 
complexes  in Samarkand’s peri-urban areas, in-
tegrating geoinformation analysis, agroeconom-
ic calculations, and scenario-based modelling. It 
systematically compares three development sce-

narios: inertial, adaptive-sustainable, and cri-
sis, taking  into account water scarcity, urbaniza-
tion pressures, and transformations in production 
structures

An additional contribution lies  in assess-
ing the spatial  integration of peri-urban agro-
zones into the city’s food logistics system through 
a transport accessibility  index (ILi). This holistic 
approach provides insight into the agrarian belt’s 
resilience, highlighting spatial differences in pro-
duction capacity and adaptive potential.

The aim of this study is to assess the current 
state, spatial organization, and development po-
tential of agribusiness complexes in Samarkand’s 
peri-urban areas as a key factor in ensuring sus-
tainable food provision for the urban agglomer-
ation.

To achieve the stated aim, the following hy-
potheses were formulated:

Hypothesis 1. Logistic accessibility and spa-
tial integration of agro-zones determine the resil-
ience of the city’s food supply and the scale of re-
gional disparities.

Hypothesis 2. The level of logistic accessibil-
ity and the degree of spatial  integration of agro-
zones are key determinants of the city’s food sup-
ply resilience and shape the magnitude of region-
al disparities.

Hypothesis 3. A territorially coordinated food 
policy can enhance the city’s ability to maintain a 
stable and autonomous food supply despite envi-
ronmental and urban challenges.

Hypothesis 4. Scenario-based modelling can 
reveal the most  vulnerable components of the 
agrarian belt and measure their adaptive poten-
tial under changing environmental and econom-
ic conditions.

Theoretical Framework
In this study, the functional-spatial model of 

the urban–agrarian system is interpreted as an in-
tegrative analytical construct designed to capture 
the multi-layered territorial organization of agri-
cultural production in relation to urban process-
es, logistical  infrastructure, and  institutional re-
gimes governing food flows. The model consists 
of three interrelated sub-systems:

— Agri-production sub-system: defined by 
specialized agro-landscapes, irrigation networks, 
crop types, and resource resilience;

— Infrastructural-logistical sub-system: re-
flecting road density, accessibility (isochrones), 
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and the spatial distribution of markets and pro-
cessing facilities;

— Urban-consumer sub-system: character-
ized by population size, urban demand patterns, 
and institutional mechanisms linking rural prod-
ucts to the city’s food system.

The notion of an “urban–agrarian system” has 
no single origin but reflects the transdisciplinary 
development of City Region Food Systems (CRFS) 
research since the early 2000s. CRFS frameworks 
draw on urban foodscape theory (Morgan & Son-
nino, 2010), peri-urban agriculture  integration 
(Zasada, 2011), spatial food resilience (Sonnino, 
2009), and analytical CRFS models (Dubbeling et 
al., 2017).

Food self-sufficiency refers to the capacity of 
a territory to meet the population’s needs for es-
sential food products through its own production, 
thereby minimizing dependence on external sup-
plies–a definition widely adopted  in research on 
food resilience and regional planning (Tleuberdi-
nova et al., 2025).

The use of a 35‑km radius as the outer bound-
ary of Samarkand’s agrarian belt is grounded in a 
combination of three criteria:

(a) Agglomeration–morphological criteri-
on: Regional planning documents (2023) show 
that Samarkand’s historical  intensive agricultur-
al zone developed within 30–35 km of the urban 
fringe, shaped by irrigated lands along the Zaraf-
shan Valley;

(b) Logistical–temporal criterion (isochrone 
modeling): Spatial-temporal analysis  indicates 
that this 35‑km zone corresponds to a stable logis-
tical isochrone (30–50 minutes), allowing regular 
delivery of perishable products to the urban core;

(c) Historical–functional role: Pastdargom, 
Akdarya, Jomboy, and Taylak districts have tra-
ditionally served as Samarkand’s main agricultur-
al supply base, as reflected in agrarian programs, 
supply structures, and state procurement mecha-
nisms.

Thus, the 35‑km radius  is not an arbitrary 
construct but an empirically  validated bound-
ary of the territorial–logistical connectivity of the 
agrarian belt.

Previous research has addressed selected 
components of the agri-food system of the Sa-
markand region, yet it has remained fragmented. 
Studies of territorial agricultural specialization 
(Ibragimov et al., 2021) document district-lev-
el disparities but do not examine their linkages 

to the urban food system. Spatial studies of the 
agrarian belt (Boboyev, 2024) identify statisti-
cal and  institutional limitations but do not pro-
pose an  integrated urban–agrarian framework. 
Research on storage and logistics of agricultural 
products (Boboyev, 2025; Usmanov et al., 2024) 
highlights  infrastructural  vulnerabilities that af-
fect the resilience of food supply chains. Howev-
er, none of these strands of work has put forward 
a functional–spatial model of Samarkand’s ur-
ban–agrarian system.

The transformation of agribusiness in Samar-
kand must consider post-Soviet institutional con-
straints. Systemic barriers, including  inefficient 
land use, limited decentralization, weak farmers’ 
cooperatives, and restricted market access, per-
sist in Uzbekistan (Djanibekov et al., 2012) and are 
confirmed by later regional studies highlighting a 
lack of international technological and agricultur-
al cooperation in the Samarkand region (Danshin 
& Bogdanchikova, 2006; Daminov, 2021).

Several researchers highlight the crucial role 
of the  institutional environment  in shaping the 
sustainability of CRFS (Berkhout et al., 2023; 
Rudenko & Nahirna, 2021). They note that, un-
der conditions of urban expansion, agribusiness 
structures  in suburban areas lose resilience, of-
ten experiencing displacement and changes  in 
land use.

This study introduces a new approach for an-
alyzing home gardening as a social practice  in 
suburban areas of major urban agglomerations. 
Peri-urban gardening  is considered not only as 
a source of food but also as a socially differen-
tiated activity  influenced by housing type, in-
come level, and access to land (Darly et al., 2021; 
Marinelli et al., 2023). In the context of Samar-
kand, this approach allows for the analysis of spa-
tial inequalities in access to agribusiness resourc-
es among suburban residents. In districts with 
a high proportion of private households, the po-
tential for  informal  vegetable and fruit produc-
tion is greater, whereas in denser, rented residen-
tial areas, such opportunities are limited. These 
observations underscore the  importance of so-
cio-territorial analysis of agribusiness practices, 
particularly for the development of sustainable 
food planning policies.

Studies in Italy emphasize shifting from sus-
tainable to “sufficient” city-region food sys-
tems, focusing on local production, short supply 
chains, optimized food flows, and changes in poli-
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cy and consumer behavior (Krähmer et al., 2024). 
A comprehensive approach includes spatial anal-
ysis of production-consumption balance, sup-
port for farmers’ cooperatives and local markets, 
and involvement of vulnerable groups in food ini-
tiatives.

For Samarkand, these insights are particular-
ly relevant given the imbalance between high de-
mand and limited local production. Districts with 
developed agribusiness potential, such as Past-
dargom and Akdarya, could serve as cores of the 
agri-food network, integrated  into urban distri-
bution channels such as markets, fairs, and school 
feeding programs.

In the post-Soviet space, there is an increas-
ing spatial polarization of agricultural territo-
ries, where productive areas are enhancing their 
potential while peripheral zones are degrading 
(Nefedova, 2019). This is also characteristic of the 
Samarkand region, where differences between ir-
rigated  valleys and arid areas form an uneven 
structure of agribusiness.

To analyze these differences, economic-geo-
graphical profiling can be used to classify territo-
ries according to their levels of agricultural and 
demographic development (Danshin & Radikev-
ich, 2022). This provides a foundation for territo-
rially targeted agricultural policies and the sus-
tainable planning of the agricultural belt.

Suburban areas play a key role  in ensur-
ing sustainable food supply, acting as a strategic 
link in the formation of a sustainable agri-food ar-
chitecture. According to the concept outlined  in 
FAO policy documents, sustainable development 
of the agro-industrial complex  in peripheral ar-
eas requires their spatial and functional  integra-
tion into agglomeration structures and food logis-
tics systems (Armendáriz et al., 2016; Guibrunet 
& Arnés, 2021).

Spatial connectivity between suburban pro-
duction zones and urban consumption cen-
ters helps optimize food flows and reduce sup-
ply vulnerability. Prudnikov et al. (2025) highlight 
the importance of linking price segments, partic-
ularly for seasonal products, underscoring the 
need for flexible, regionally adapted food policies. 
Sabirova et al. (2019) show that fostering compe-
tition among local producers enhances regional 
food resilience, especially in concentrated sectors.

Recent trends  indicate that diversifying ag-
ricultural functions, including agritourism, 
strengthens the resilience of agri-food belts. Ex-

periences from Kazakhstan highlight the potential 
of suburban farms as tourist destinations integrat-
ed into agri-food systems (Ospanova et al., 2022; 
Sergeyeva et al., 2024). Agriculture is increasingly 
recognized as a resource for agritourism develop-
ment. In culturally and historically significant re-
gions such as Samarkand, agricultural landscapes 
can be  incorporated  into tourism  infrastructure 
(Danshin et al., 2024), supporting economic di-
versification and the sustainable development of 
rural areas. This model can be adapted to the Sa-
markand region, leveraging its rich cultural heri-
tage and resilient landscapes.

Galeano‑Barrera et al. (2022) developed 
a  conceptual model of territorial agro‑industrial 
development that emphasizes cross‑sectoral syn-
ergy and multi‑focus analytics and supports col-
laboration between agriculture, tourism, logis-
tics, and education. This model shows particular 
promise for Samarkand.

The environmental dimensions of sustain-
able agribusiness  include maintaining soil fertil-
ity, preserving biodiversity and pollination, and 
reducing conflicts between urbanization and ag-
ricultural land use (Potter & LeBuhn, 2015). So-
cial sustainability  involves ensuring food jus-
tice, providing  vulnerable groups with access to 
fresh products, and supporting local employment 
(Haysom, 2015; Jensen & Orfila, 2021).

Despite growing  interest  in suburban agri-
business and food security, spatial assessments 
of agro-potential within Samarkand’s agglomer-
ation belt remain limited. Existing studies focus 
either on macro-level statistical data or on  indi-
vidual micro-cases, without connecting these in-
sights to urban food provision strategies. This 
study addresses this gap by offering a comprehen-
sive assessment of Samarkand’s agribusiness sys-
tem through geoinformation methods, functional 
zoning, and spatial efficiency analysis.

Methods and Data
The agribusiness system of Samarkand’s sub-

urbs was studied using an  interdisciplinary ap-
proach combining agricultural geography, spa-
tial analysis, agroeconomic balance, and geoin-
formation modeling. The goal was to evaluate the 
production potential of surrounding districts and 
their contribution to the city’s sustainable food 
supply.

ArcGIS was employed for precise mapping of 
production zones, modeling logistical isochrones, 

http://r-economy.com


Online ISSN 2412-0731

99 r-economy.com

R-ECONOMY, 2026, 12(1), 94–108 doi 10.15826/recon.2026.12.1.006

and  integrating diverse data sources, including 
statistics, satellite imagery, and infrastructure lay-
ers. Scenario-based modeling assessed the resil-
ience of the agrarian belt under uncertainties such 
as water scarcity, urbanization, and shifts in pro-
duction structure, enabling forecasts under vary-
ing external constraints  in line with FAO and 
UNEP methodological guidelines.

Balance equations are applied as the most rig-
orous tool for the quantitative assessment of food 
self-sufficiency.

Taken together, these methods ensure a com-
prehensive analysis of the spatial distribution, re-
silience, and quantitative parameters of Samar-
kand’s food supply system.

The boundaries of the study were defined ac-
cording to a functional-spatial model of the ur-
ban-agricultural system, covering both admin-
istrative territories  — Samarkand, Pastdargom, 
Akdarya, Taylak, and Jomboy districts — and ag-
ricultural lands located within an average radius 
of 35 km from the central urban zone of the city 
of Samarkand.

The analysis used official agricultural statis-
tics of the Samarkand region for the year 2023, 
obtained from SamStat reports. The statistical 
data analysis was carried out at the level of admin-
istrative districts, followed by aggregation into the 
main categories of agricultural products, includ-
ing: grain crops, vegetable crops, fruits and ber-
ries, dairy products, as well as meat in live weight 
(in tons).

For each district, indicators of gross agricul-
tural production for 2023  were calculated. The 
primary statistical data were preliminarily cleaned 
of textual attributes, standardized into a uniform 
numerical format, and aggregated  into a consol-
idated analytical table  intended for subsequent 
quantitative analysis and spatial comparison.

Spatial data were processed using ArcGIS 
10.8, which enabled multi-level zoning of the sub-
urban areas of Samarkand.

Since the reports already provide the gross pro-
duction volumes Pi for each district, the calculation 
was carried out without detailing by area and yield. 
The production potential was aggregated:

	 P Pi
k

n

ik=
=
е

1
, 	  (1)

where Pi  is the total production  volume  in dis-
trict i; Pik is the volume of a specific type of prod-
uct k (grain, vegetables, etc.)

The volume of product consumption was cal-
culated based on demographic and physiological 
norms, using the population size of the city of Sa-
markand (N ≈ 600,000 people, SamStat, 2024) and 
the standards of annual product consumption:

	 Ck = N · Rk,	  (2)

where Ck is total demand for the product k; Rk is 
the annual per capita consumption rate (in kg/per-
son/year).

In the calculations, annual per capita food 
consumption norms approved at the national lev-
el  in the Republic of Uzbekistan were used and 
adapted  in accordance with FAO recommenda-
tions and UzStat data. The specific values were as 
follows: grain crops — 180 kg/person/year; veg-
etable crops  — 170  kg/person/year; fruits and 
berries — 100 kg/person/year; dairy products — 
260 kg/person/year; meat products — 45 kg/per-
son/year (UzStat, 2024).

To assess the balance of the system, a net bal-
ance calculation model was applied:

	 Bk = Pk (1 – δk) – Ck,	  (3)

where Bk  is the balance of product k taking  into 
account losses; δk  is the coefficient of logistical 
and post-harvest losses (assumed in the range of 
0,10–0,15).

Thus, the self-sufficiency coefficient was cal-
culated as follows:

	 S
P

Ck
k k

k

=
-

 
( )1 d

.	  (4)

For the forecast analysis, a modified scenar-
io model was applied, taking into account demo-
graphic dynamics, soil degradation, urbanization 
pressure, and the resilience of the production cy-
cle. Three scenarios were developed: inertial (I) — 
continuation of current trends; adaptive-sustain-
able (U)  — implementation of agroecological 
practices (agroforestry, organic farming, drip irri-
gation); crisis (K) — increased urbanization pres-
sure, water scarcity, and reduction of suitable land.

Using GIS-based  isochrone modeling, the 
study analyzed the accessibility of agricultural ar-
eas around Samarkand, identifying which zones 
are well connected to the city’s food logistics sys-
tem and which are less accessible.

To quantify the spatial integration of agricul-
tural zones, spatial-temporal accessibility analysis 
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was applied, based on isochrone modeling of the 
transport network using GIS.

The access time (Ti) from each agro-zone to the 
nearest logistics hub was calculated along the short-
est route, taking  into account network topology. 
Then, access time was normalized within the range 
[0–1] to obtain the logistics inclusion index (ILi):

	 IL
T

Ti
i= -

ж

и
з

ц

ш
ч1

max

,	  (5)

where Ti  is the access time from agro-zone  i to 
the nearest logistics hub; Tmax is teh maximum re-
corded access time within the entire study area.

The ILi values were used for the cartographic 
classification of the agro-zone transport  integra-
tion index. Using this methodology, we quantified 
the suburban agro-sector’s contribution to Samar-
kand’s food supply and evaluated its development 
risks and opportunities in the context of sustain-
able territorial planning.

We selected these methods to combine 
a  quantitative assessment of agribusiness poten-
tial with a qualitative analysis of the spatial orga-
nization of the food system. This approach aligns 
with contemporary food geography research, 
which emphasizes territorial  interconnectedness 
and  institutional factors as key determinants of 
sustainability (Renting et al., 2012).

The reliability of statistical data was  veri-
fied through cross-validation using  independent 
sources, including FAOstat reports and data from 
local NGOs. The study is, however, limited by the 
lack of microdata on household subsistence farm-
ing, which would provide a more precise view of 
food flows at the household level.

The modeling results align with the  indica-
tors outlined in Uzbekistan’s Food Security Strat-
egy through 2030, particularly regarding food 
chain localization, the expansion of local pro-
duction, and sustainable resource management. 
This makes the findings a  valuable tool for evi-
dence-based regional planning and monitoring.

Results
The agrarian belt of Samarkand represents 

a  complexly organized and territorially differen-
tiated system, consisting of  various functional 
zones, each of which plays a specific role  in the 
city’s sustainable food provision. Its structure has 
been shaped by a combination of natural-climat-
ic, socio-economic, and  infrastructural factors, 

along with historically rooted land-use practices 
and agricultural traditions.

The functional structure of the agrarian belt of 
Samarkand is characterized by pronounced mul-
tilayeredness and  internal heterogeneity. It  com-
bines zones of high-intensity and commercially 
oriented production with areas of increased eco-
logical and logistical  vulnerability. The effective 
development and integration of all components of 
this system into a unified urban — regional food 
structure require systematic spatial planning, in-
frastructural modernization, and  institutional 
support.

Assessment of Gross Production  
and Food Provision

Using territorial agricultural statistics for 
2023, an  integrated assessment of gross produc-
tion was carried out for key agricultural prod-
ucts — grain, vegetables, fruits, milk, and meat — 
across Samarkand’s agrarian belt (Samarkand, 
Pastdargom, Akdarya, Taylak, and Jomboy dis-
tricts). The analysis aimed to evaluate the actual 
contribution of suburban zones to the city’s fresh 
food supply and to assess their potential  in sup-
porting a sustainable local food system.

However, the analysis of the consolidat-
ed SamStat database, which  is used  in the prac-
tice of territorial and sectoral planning at the na-
tional and regional levels, revealed the absence 
of gross values of agricultural production for key 
types of products (grain, vegetables, fruits, milk, 
meat) for the five main suburban districts of Sa-
markand. In some cases, the corresponding cells 
contain zero values; in others, there is a lack of de-
tail. Meanwhile, the aggregation of primary sta-
tistical tables at the district level  indicates sig-
nificant volumes of gross output: over 748 thou-
sand tons of  vegetables, 399  thousand tons of 
grain, 453 thousand tons of milk, and more than 
313 thousand tons of fruits and melons (SamStat, 
2023). This discrepancy between the primary and 
aggregated levels of statistical accounting  indi-
cates the presence of a systemic information defi-
cit caused by  institutional, methodological, and 
technological limitations in the current monitor-
ing system of the agricultural sector. In particular, 
the weak  integration of dehkan and small com-
modity farms  into state reporting, insufficient 
digitalization, and the fragmented nature of data 
aggregation methods lead to a distorted picture of 
the production potential of agrarian territories. 
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The absence of agribusiness data in certain Sam-
Stat entries reflects institutional and methodolog-
ical constraints rather than the underlying eco-
nomic reality. To fill the  information gap, an  in-
dependent aggregation of district-level SamStat 
statistical reports for 2023 was carried out, con-
taining numerical values of gross agricultural pro-
duction by administrative units. The primary sta-
tistical data, standardized through cleaning, nor-
malization, and aggregation procedures, served 
as the empirical basis for the calculation of gross 
agribusiness indicators presented in Table 1. 1

Positive balance  values show that local pro-
duction surpasses the normative urban demand, 
highlighting surplus agricultural capacity. Such 
surplus may be allocated to exports, reserve for-
mation, or the provision of food to  vulnerable 
populations during periods of instability. Howev-
er, its effective utilization depends on adequate lo-
gistical and infrastructural support.

In parallel, the normative food consumption 
of Samarkand’s urban population (approximate-
ly 600,000 people) was estimated using per capita 
physiological standards approved in the Republic 
of Uzbekistan and aligned with FAO recommen-
dations. The resulting demand estimates for each 
category were then analyzed alongside total pro-
duction figures.

Spatial Analysis and Scenario Assessment 
of Agribusiness Potential

The results of the spatial analysis of the agri-
business system in the suburbs of Samarkand re-
vealed a clearly defined functional differentia-

1 UzStat. (2023). Agriculture of Uzbekistan: Statistical year-
book for 2023. State Committee of the Republic of Uzbekistan 
on Statistics. Retrieved from: https://stat.uz (date of access 
11.11.2025).

tion within a 30‑kilometer zone from the city 
limits. Based on the interpretation of satellite im-
agery, the spatial structure of the agribusiness 
belt was  identified. Collectively, these territories 
form the core of Samarkand’s urban-agricultural 
system, supplying the city with locally produced 
goods.

The spatial analysis enabled the functional zon-
ing of Samarkand’s agrarian belt, which primarily 
encompasses the districts of Samarkand, Pastdar-
gom, Akdarya, Taylak, and Jomboy (Figure 1).

Approximately 43 % of the total area of the an-
alyzed zone  is occupied by  irrigated agricultural 
lands, a significant portion of which is concentrat-
ed in the Pastdargom (53,6 thousand ha) and Ak-
darya (27,6 thousand ha) districts. These areas are 
dominated by highly productive arable lands used 
for vegetable, melon, and grain crops. The average 
long-term yield on fields located along the Zaraf-
shan Canal reaches 250–280 centners per hectare, 
confirming the high potential of these plots.

Jomboy district  is characterized by the pre-
dominance of perennial plantations  — orchards 
and  vineyards (more than 4,7  thousand ha)  — 
as well as a well-developed system of  individual 
farming. Samarkand district, despite a compar-
atively smaller area of  irrigated land, performs 
an  important logistical and processing function 
due to  its proximity to the urban core and the 
concentration of agro-industrial hubs. Taylak dis-
trict, in turn, represents a mixed-use zone: it com-
bines small irrigated fields, fruit orchards, and ar-
eas designated for pasture use.

The summary land use data reflect the di-
versity of agroecological conditions and confirm 
the existence of significant resources for sustain-
able intensified production.

The results of spatial modeling revealed 
a  clear differentiation of agro-zones within the 

Table 1
Calculation of Gross Production, Normative Demand, and Self-Sufficiency Coefficient for Key Types of 

Products in the Agrarian Belt of Samarkand (2023)

Product Gross Output (t) Demand (t) Balance (t) Self-Sufficiency Coefficient
Grain Crops 399 398,43 108 000 +291 398,43 3,70
Vegetable Crops 748 207,01 102 000 +646 207,01 7,34
Fruits and Melon Crops 313 348,99 60 000 +253 348,99 5,22
Milk 453 537,70 156 000 +297 537,70 2,91
Meat 115 625,00 27 000 +88 625,00 4,28

Source: authors’ calculations based on SamStat (2023), FAO/UzStat consumption standards1, and spatial aggregation within 
the defined 35‑km agro-belt.
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Figure 1. Spatial Organization of the Agribusiness System in the Suburbs of Samarkand
Source: elaborated by the authors in ArcGIS using district-level land-use statistics (State Cadastral Chamber of the Republic 

of Uzbekistan, 2024) and GIS-based spatial classification.

Figure 2. Logistics Integration Index of Agro-Zones of Samarkand (ILi) within the 30‑km Belt.  
1 — Pastdargom, 2 — Akdarya, 3 — Jomboy, 4 — Taylak, 5 — Samarkand

Source: elaborated by the authors in ArcGIS using road network data, transport accessibility modelling, and district-level 
spatial datasets (State Cadastral Chamber of the Republic of Uzbekistan, 2024).
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agrarian belt of Samarkand  in terms of their  in-
clusion in the city’s food logistics system. The val-
ues of the agro-zone transport  integration  index 
(ILi) ranged from 0,84 to 0,16, indicating substan-
tial differences  in the spatial location and trans-
port accessibility of agricultural areas (Figure 2).

The highest ILi values (> 0,77) were recorded 
for agro-zones located near major wholesale mar-
kets  in the Samarkand district. These areas are 
characterized by a high density of road networks, 
minimal access time (up to 25–30 minutes), and 
direct connection to processing infrastructure.

A medium level (ILi = 0,49–0,76) was ob-
served in the Taylak and Jomboy districts, where 
agro-zones have access to logistics hubs with-
in 40–50 minutes. However, infrastructural con-
straints (road quality, seasonal accessibility) re-
duce the actual efficiency of market interaction.

A low level (ILi < 0,48) was recorded on the 
periphery of the Pastdargom and Akdarya dis-
tricts. These zones are characterized by fragment-
ed infrastructure, remoteness from wholesale bas-
es, and access times exceeding 50  minutes. The 
low  ILi here  indicates logistical  isolation, which 
limits farmers’ participation in sustainable supply 
chains and highlights the need for territorial re-
distribution of logistics hubs.

Scenario-Based Forecast of Self-Sufficiency 
in Samarkand’s Suburban Districts

Scenario modeling of Samarkand’s subur-
ban agribusiness system through 2030  allowed 
us to assess how local production can respond to 
key challenges, including water scarcity, popula-
tion growth, land-use changes, and  institution-
al constraints. The analysis considered three sce-
narios  — Inertial (I), Adaptive-Sustainable (U), 
and Crisis (K)— with results broken down by the 
main suburban districts.

In the  inertial scenario (I), which assumes 
that current conditions persist, self-sufficien-
cy declines across all product categories. Tay-
lak and Jomboy districts are particularly vulnera-
ble, as limited infrastructure and fragmented land 
use hinder effective agribusiness operations. Even 
traditionally productive districts such as Akdarya 
and Pastdargom show low self-sufficiency levels: 
33–35 % for dairy products and 49–52 % for fruits.

The adaptive-sustainable scenario (U) as-
sumes the implementation of a set of institution-
al and technological measures: modernization 
of  irrigation networks, development of cooper-

ation and processing, and spatial  integration of 
agro-zones with urban markets. In this case, Past-
dargom and Akdarya districts become key zones 
for vegetable and dairy production, while Jomboy 
becomes the core of horticulture. Samarkand dis-
trict strengthens its logistical and processing func-
tions. The result  is the achievement of self-suffi-
ciency coefficients ranging from 75–92 % for veg-
etables, 68–80 % for fruits, and 50–58 % for milk, 
depending on the district.

In the crisis scenario (K), the forecast  in-
cludes the loss of part of the irrigated lands due to 
urban development, intensification of water scar-
city, and a reduction in the number of small pro-
ducers. The  indicators decline especially sharp-
ly  in Taylak and Jomboy districts (down to 19–
22 % for milk and 28–36 % for fruits). Even under 
the best conditions (Akdarya), the self-sufficiency 
level does not exceed 45 % for vegetables. This sit-
uation indicates the high vulnerability of the sub-
urban food system  in the absence of a targeted 
sustainability policy.

Table 2  below presents the self-sufficiency 
coefficients by district and scenario, highlight-
ing spatial differences  in agrarian productivity 
and identifying priority zones for targeted  inter-
ventions.

Discussion
The results of scenario modeling of food 

self-sufficiency in the agrarian belt of Samarkand 
demonstrate pronounced territorial and scenar-
io-based differentiation, confirming the high sen-
sitivity of the system to changes in resource base, 
institutional environment, and logistical struc-
ture. The obtained self-sufficiency coefficient val-
ues allow for a number of substantive conclusions 
relevant both for scientific understanding and ap-
plied planning.

Firstly, the adaptive-sustainable scenario (U) 
demonstrates the highest potential for ensuring 
the food  independence of Samarkand. The  in-
crease  in self-sufficiency to 75–92 % for  vegeta-
bles, 68–80 % for fruits, and 50–58 % for dairy 
products  is achieved through targeted  institu-
tional and technological  interventions: irriga-
tion modernization, promotion of cooperation, 
and expansion of processing. Particularly signif-
icant positive shifts are recorded  in the Akdarya 
and Pastdargom districts — areas with favorable 
agroecological configurations, a high share of irri-
gated lands, and potential for cluster-based devel-
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opment. These districts can be transformed  into 
cores of sustainable agribusiness  integrated  into 
the urban food logistics system. 2

Secondly, the  inertial scenario (I) indicates 
a trend toward declining food sustainability in the 
absence of corrective measures. The decrease  in 
self-sufficiency for milk to 22–35 % and for fruits 
to 36–52 % in some districts signals a gradual de-
cline  in productivity and the loss of agricultural 
function. Taylak and Samarkand districts are par-
ticularly at risk, given limited land resources, ur-
banization pressure, and a low level of water avail-
ability. In the long term, such dynamics may lead 
to the erosion of the city’s food sovereignty and in-
creased dependence on unstable external supplies.

Thirdly, the crisis scenario (K) demonstrates 
the most  vulnerable configuration. The drop  in 
self-sufficiency for key types of products to critical 
levels (down to 19–23 % for milk and 28–36 % for 
fruits) reflects the cumulative effect of land degra-
dation, water resource scarcity, institutional disor-
ganization, and logistical isolation of certain agro-
zones. This scenario is especially dangerous in the 
context of global food and climate shocks and re-

2 UzStat. (2024). Agriculture of Uzbekistan: Statistical year-
book for 2023. State Committee of the Republic of Uzbekistan 
on Statistics. Retrieved from: https://stat.uz (date of access 
11.11.2025).

quires the development of mechanisms for strate-
gic stockpiling and emergency support for agri-
cultural producers in vulnerable areas.

It should be emphasized that the territorial 
heterogeneity of agribusiness potential requires 
a differentiated sustainability policy. Universal 
measures applied without taking into account dis-
trict-specific features may prove  ineffective. In-
stead, a zonal strategy is needed, in which:

Pastdargom and Akdarya districts serve as 
zones of intensive sustainable production, requir-
ing support in the form of investment incentives 
and infrastructure modernization;

Jomboy district  is considered a horticultural 
base in need of institutional integration (coopera-
tion, subsidization);

Samarkand and Taylak districts function as 
logistics-processing and buffer zones, where the 
priority becomes the preservation of remaining 
productive areas and the prevention of uncon-
trolled urbanization.

Scenario analysis shows that food sustain-
ability  is not just an agricultural challenge. It  is 
a  multi-level system that relies on coordinated 
policies  in urban planning, water management, 
logistics, cooperation, and social support. The im-
plementation of the sustainable scenario requires 
the establishment of an institutional coordination 
mechanism between agricultural districts and the 

Table 2
Projected Self-Sufficiency Values for Key Types of Products in the Suburban Districts of Samarkand by 2030 ( %)

District Product Inertial (I) Adaptive-Sustain-
able (U) Crisis (K)

Akdarya
Vegetables 65 % 92 % 45 %

Fruits 52 % 80 % 42 %
Milk 33 % 58 % 27 %

Pastdargom
Vegetables 67 % 91 % 43 %

Fruits 49 % 76 % 41 %
Milk 35 % 55 % 29 %

Jomboy
Vegetables 54 % 81 % 38 %

Fruits 47 % 78 % 36 %
Milk 28 % 49 % 22 %

Samarkand
Vegetables 48 % 75 % 40 %

Fruits 40 % 68 % 35 %
Milk 30 % 50 % 23 %

Taylak
Vegetables 45 % 65 % 32 %

Fruits 36 % 60 % 28 %
Milk 22 % 38 % 19 %

Source: calculated by the authors using SamStat agricultural data (2023–2024), FAO/UzStat consumption norms, and 
scenario-based modeling of production dynamics2.
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city administration of Samarkand, including the 
development of an urban food strategy with com-
ponents of spatial planning.

The study  is limited by the absence of mi-
cro-level farm data, which does not allow captur-
ing  intra-district  variability  in agricultural pro-
duction. The spatial results reflect the specific nat-
ural, climatic, and institutional conditions of the 
Samarkand region and therefore cannot be direct-
ly extrapolated to other areas. The scenario assess-
ments rely on several assumptions regarding wa-
ter availability, logistical accessibility, and con-
sumption patterns, which may affect the accuracy 
of the projections.

Conclusions
The study of Samarkand’s suburban agribusi-

ness system demonstrates that sustainable urban 
food provision requires targeted spatial planning 
and the systemic  integration of suburban agro-
zones into the city’s overall food architecture.

Spatial and scenario analyses revealed pro-
nounced territorial disparities in production po-
tential. High-activity zones, such as Akdarya and 
Pastdargom districts, contrast sharply with re-
source- and  institutionally  vulnerable districts 
like Taylak and Jomboy. These differences under-
score the need to move from a universal food pol-
icy toward a differentiated approach tailored to 

the agroecological and logistical conditions of 
each territory.

Scenario modeling through 2030  indicates 
that coordinated agricultural policy, infrastructure 
modernization, and support for local production 
could achieve high self-sufficiency levels — up to 
92 % for vegetables and 80 % for fruits. Converse-
ly, a crisis scenario predicts severe declines in food 
provision, highlighting risks to food sovereignty.

The study confirms the  value of a scenar-
io-based approach for diagnosing and planning 
food sustainability. Effective food security de-
pends less on expanding production volumes than 
on enhancing spatial coherence between produc-
tion, processing, and consumption zones.

Recommendations  include developing 
agro-industrial cooperation, modernizing lo-
gistics hubs, implementing systems to monitor 
transport accessibility of agro-zones, and design-
ing an urban food strategy grounded in sustain-
ability principles.

The agribusiness potential of Samarkand’s 
suburban belt has significant transformative ca-
pacity. With  institutional consolidation, invest-
ment support, and political commitment, it can 
serve as both a foundation for  increasing urban 
self-sufficiency and a model for sustainable food 
planning in other Central Asian cities facing sim-
ilar challenges.
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