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Abstract. This article investigates how regional specialization can be redesigned under conditions of
chronic water scarcity. It integrates classical comparative advantage theory, location theory, new economic
geography, cluster development, institutional economics, and smart specialization with water stress, water
footprint, virtual water, and water productivity approaches. The study applies systemic, comparative, structural,
and institutional analysis to examine international experience from Israel, Australia, the Netherlands, and
Spain, and relates the findings to Uzbekistan, with particular attention to the Bukhara region. The results
demonstrate that sustainable specialization in water-constrained territories should not be evaluated solely
by output volume or historical production patterns. Instead, it should be guided by value added, employment,
export earnings, and ecological effects per cubic metre of water. The article proposes a diversified smart
specialization model for Bukhara based on water-efficient horticulture, greenhouse production, food
processing, tourism, education, digital services, and water technologies. Institutional reforms, digital water
accounting, differentiated incentives, research—business cooperation, and strict monitoring are identified as
prerequisites for effective implementation.

Keywords: regional specialization, water scarcity, water productivity, virtual water, water footprint, smart
specialization, regional development, Bukhara region.

AHHOTauusi. B cTatbe wuccrnegyloTcs HanpasfieHUs YCTOMYMBOIO pPasBUTUS  TeppuUTOpuUanisHon
crneuvanu3auum B YCIOBUSIX XPOHMYECKoro AeduumTa BOOHbIX PECypcoB. TeopeTuyeckass OCHOBa
nccnegoBaHns OObeanHSeT KOHUENUUW CpaBHUTENbHbIX MPEUMYLLECTB, pasMeLLleHUs MNpOM3BOACTBA,
HOBOM SKOHOMWYECKOW reorpadun, KnacTepHOro pasBUTUS, WHCTUTYLUOHASNIbHONW SKOHOMWKUA W YMHOW
crneuvanu3auun ¢ NogxogaMy BOAHOINO CTpecca, BOAHOrO criefa, BUMPTyanbHOW BOAbI M MPOOYKTUBHOCTU
BOAbl. Ha OCHOBE CMCTEMHOrO, CPaBHUTENBHOIO, CTPYKTYPHOrO M MHCTUTYLMOHANbHOrO aHanusa Msy4eH
onbIT N3pauns, Asctpanun, Hugepnangos v Micnanum, a nonyyYeHHble BbIBOAbI ad4anTUPOBaHbl K YCHOBUSM
Y3bekucrtaHa, ocobeHHO Byxapckon obnacTtu. YCTaHOBMEHO, YTO NMpu BbIOOpEe OTpacneBbIX MPUOPUTETOB
HeobXxo4MMO yYuTbIBaTb HE TONbKO OOBLEM MPOM3BOACTBA, HO M A06ABMEHHYHD CTOMMOCTb, 3aHATOCTb,
9KCMOPTHYI BbIPYYKY W 3KOMornyecknin adpdekt B pacyéTe Ha oaumH Kybuueckmin metp Boabl. [ns
Byxapckon obnactu npeanoxeHa guBepcuduULMpoBaHHad MOLENb YMHOW creuuanv3auuun, oCHOBaHHas
Ha Bogocbeperatollem cagoBoACTBe, TEMMMYHOM XO3SMCTBE, NnepepaboTke NULLIEBOWN NPOAYKUUN, Typru3me,
obpasoBaHuu, UMAPOBLIX yCryrax U BOAHbIX TEXHOMOrMsX. MHCTUTYLMOHanNnbHbIe peopMbl, LLMPOBOM YUET
BOAbI, AN EePEHUNPOBAHHBIE CTUMYIIbI, COTPYAHUYECTBO Haykn 1 BM3HECA, a TakKe CTPOrnA MOHUTOPUHT
onpegerneHbl B ka4ecTBe HEOOXOAMMbIX YCITOBUN 3OPEKTUBHOM peann3auun JaHHOW MOAEenM.

KnroyeBble cnoBa: TepputopuanbHas crneumanusauus, geduuut Bogbl, NPOAYKTUMBHOCTL BOAbI,
BUpTYyarnbHasa BoAa, BOOHbIV crief, yMHas cneunanusauns, permoHansHoe passuTtue, byxapckas obnactb.

INTRODUCTION

Water scarcity is a structural economic constraint. Population growth, climate variability, urbanisation,
and rising food demand are increasing pressure on limited freshwater resources. Consequently, regional
policy must assess not only output and employment, but also the value created per unit of water.
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Regional specialization is one of the central categories of regional economics. It explains how territories
concentrate resources and capabilities in activities in which they possess relative advantages. Classical
interpretations emphasised natural resources, labour productivity, and market access. Contemporary
interpretations add knowledge, innovation, institutional quality, connectivity, and entrepreneurial discovery.
Under conditions of water scarcity, however, the concept requires an additional criterion: the amount of
economic and social value generated per unit of water used. This criterion changes the ranking of sectors
and products because activities with large gross output may generate relatively low value added and
high ecological pressure, while service industries and technologically advanced agriculture can produce
substantially higher returns with lower water intensity.

This issue is especially important for Central Asia, where a dry climate, irrigated agriculture, ageing
infrastructure, and regional disparities interact. In Uzbekistan, water-intensive production remains
economically important, yet it increases vulnerability to drought and upstream supply changes. Therefore,
Bukhara needs a specialization model that combines efficient agriculture with tourism, processing
industries, and knowledge-intensive services.

The purpose of this article is to develop a policy-oriented framework for sustainable regional
specialization under water scarcity and to identify strategic directions for Uzbekistan and the Bukhara
region. The study addresses three questions. First, how should the theory of regional specialization be
modified when water becomes a binding constraint? Second, what lessons can be learned from countries
that have combined water efficiency with high-value production? Third, which institutional, technological,
and sectoral priorities are most relevant for Bukhara? The contribution of the article lies in integrating
regional economics with water-economy indicators and formulating an adaptation model that treats water
scarcity not only as a limitation, but also as a stimulus for innovation and structural change.

LITERATURE REVIEW

The intellectual foundations of regional specialization originate from the classical theory of comparative
advantage. Smith and Ricardo demonstrated that territories gain from concentrating on activities in
which their relative productivity is higher. Although this logic remains relevant, it is insufficient for water-
constrained regions because observed productivity may ignore resource depletion, environmental impacts,
and the implicit export of scarce water. A product may be commercially competitive while remaining socially
inefficient when its full water cost is taken into account.

Cluster theory emphasises the geographical concentration of interconnected firms, suppliers, research
organisations, and public institutions. Porter (2000) argues that clusters improve productivity, innovation,
and entrepreneurship by facilitating knowledge flows and specialised services. For water-scarce regions,
cluster logic suggests that isolated investment in irrigation equipment is less effective than an integrated
ecosystem involving technology providers, farmers, processors, universities, financial institutions, and
water authorities. Such an ecosystem can support continuous improvement in crop selection, monitoring,
water reuse, and processing.

The water-stress framework of Falkenmark and Rockstréom (2004) classifies territories according to
renewable water availability per capita. Although this indicator does not capture every local condition,
it provides a clear signal of when water begins to constrain economic activity. Water-footprint analysis,
developed by Hoekstra and Chapagain (2008), extends the assessment from direct withdrawals to the full
volume of blue, green, and grey water embedded in products and consumption. Mekonnen and Hoekstra
(2016) demonstrated the global scale of severe water scarcity and highlighted the importance of seasonal
and spatial variation.

Water productivity offers an operational indicator for policy. Molden (2007) defines it in physical
terms, such as kilograms per cubic metre, or in economic terms, such as value added per cubic metre.
Economic water productivity is more suitable for comparing agriculture, industry, and services because it
provides a common measure. Nevertheless, a complete assessment should include employment, export
revenue, tax contribution, and ecological impact. This multidimensional approach avoids selecting sectors
solely because they generate high monetary returns while neglecting social inclusion or environmental
sustainability (Table 1).
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Table 1. Main theoretical approaches to regional specialization under water scarcity

Approach Key scholars Core proposition Relevance for water-scarce

regions
Specialize according to Select activities with low
Comparative advantage A. Smith; D. Ricardo relative resource and labour water intensity and high
productivity value
Market size, transport costs Assess market access
New economic geography P. Krugman; M. Fujita and agglomeration shape jointly with water
concentration infrastructure

Co-location of firms
Cluster approach M. Porter and institutions raises
productivity and innovation

Build agro-technology,
tourism and service clusters

Priorities should reflect Concentrate scarce water
Smart specialization D. Foray; P. McCann unique local capabilities and | on activities with the highest
discovery return
_— D. Acemoglu; A. Rodriguez- | . Govgrngncg qgality and E’?S”re trgnsparept )
Institutional approach Pose inclusive institutions shape | allocation, tariffs, monitoring
outcomes and accountability

Source: Compiled by the author based on the reviewed literature.

RESEARCH METHODOLOGY

The research uses a qualitative and analytical design that combines systemic, comparative, structural,
and institutional methods. The systemic method is applied to interpret regional specialization as the interaction
of natural resources, production structure, infrastructure, human capital, institutions, and innovation. The
comparative method is used to examine the experience of Israel, Australia, the Netherlands, and Spain. The
structural method identifies the relationship between sectoral composition and water intensity. The institutional
method evaluates the rules, incentives, and organisations required for effective implementation.

The principal evaluation indicator is economic water productivity, expressed conceptually as the ratio of
value added generated by an activity to the volume of water consumed. For public decision-making, this indicator
should be supplemented by employment per cubic metre, export revenue per cubic metre, fiscal return per cubic
metre, and a qualitative environmental-risk score. Because comparable and fully disaggregated regional data
are limited, this article does not present econometric estimation. Instead, it develops a policy framework based
on triangulation of the academic literature, international cases, and the structural characteristics of Bukhara.

The selection of international cases follows a most-different-systems logic. Israel represents technology-
intensive water reuse and drip irrigation. Australia represents tradable water entitlements and basin-level
allocation. The Netherlands represents closed greenhouse systems, advanced logistics, and high agricultural
value despite limited land and water resources. Spain represents a combination of irrigation modernisation,
differentiated pricing, and export-oriented Mediterranean agriculture. These cases differ in geography and
governance, but they all demonstrate mechanisms relevant to water-efficient specialization.

ANALYSIS AND RESULTS

In a water-scarce economy, the shadow price of water changes comparative advantage. Activities that
create more value and employment per cubic metre become preferable, while low-value water-intensive
production creates opportunity costs for households, ecosystems, and higher-productivity sectors.

Israel demonstrates how technology, pricing, and institutional coordination can transform water scarcity
into an innovation advantage. Drip irrigation, desalination, wastewater reuse, and precision agriculture are
integrated with research institutions and export-oriented technology firms. The lesson is not that Bukhara should
reproduce Israel’s entire system, but that water-saving equipment should be linked to monitoring, agronomic
advisory services, processing, and innovation finance.

Australia’s Murray—Darling Basin experience highlights the role of clearly defined water entitlements, limits,
and allocation mechanisms. Market-based instruments can help reallocate water toward higher-value users,
but they require reliable measurement, enforcement, and protection of environmental flows. For Uzbekistan, the
immediate lesson is the need for transparent limits and volumetric accounting before more complex allocation
mechanisms are considered (Table 2).
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Table 2. International mechanisms and their adaptation relevance for Bukhara

Country Main mechanism Priority activities QisEERLl SiEiEgs Lesson for Bukhara
outcome
Drip irrigation, reuse | Vegetables, flowers, High .w.ater ngelop a water
Israel - productivity and efficient agro-cluster
and desalination agro-technology
technology exports and reuse systems
Water entitlements, Horticulture, . Introduce reliable
. . . . Water shifts toward . -
Australia caps and adaptive vineyards and high- . accounting, limits and
. higher-value uses 7 .
basin management value crops economic incentives
Closed greenhouses Greenhouse . . Integrate
) ) High exports with low greenhouses,
Netherlands and recirculating vegetables and . .
) water use science, processing
systems floriculture -
and logistics
. D_rlp irrigation, Olives, grapes, citrus Growth of export- Restru_c ture crops
Spain tariffs and cluster . . . according to water
and horticulture oriented production o
development productivity

Source: Compiled by the author from the comparative case analysis.

The analysis indicates that Bukhara requires diversified smart specialization. The first priority is water-
efficient agriculture, including intensive horticulture, vineyards, medicinal plants, drought-resistant crops, and
greenhouse production supported by drip irrigation, soil-moisture monitoring, and agronomic advisory services.

The second priority is the development of tourism and related services. Bukhara'’s cultural assets provide
a comparative advantage that does not depend heavily on irrigation water. Sustainable tourism should include
water-efficient hotels, heritage conservation, digital booking systems, local crafts, gastronomy, and professional
training. A stronger link between tourism and local food processing can generate demand for high-value regional
products.

Technological modernisation must be accompanied by institutional reform. District-level water-economic
passports should combine water limits, land conditions, crop structure, infrastructure losses, and value-added
indicators. Investment decisions should then prioritise projects that increase economic water productivity while
remaining within basin limits.

Financial instruments should reward high water productivity and value added. Concessional loans, green
finance, public-private partnerships, and performance-based subsidies should support metering, water reuse,
efficient irrigation, cold storage, processing, and renewable energy. Support should depend on verified water
savings rather than equipment purchases alone.

The overall result is a model of structural renewal rather than the abrupt abandonment of traditional sectors.
Agriculture remains important, but its composition shifts from raw, water-intensive production toward efficient
cultivation and processing. Industry shifts toward recycling and closed-water cycles. Services expand through
tourism, education, health care, logistics, and digital exports. This combination improves resilience to drought
while creating new competitive advantages.

CONCLUSION AND RECOMMENDATIONS

The study confirms that regional specialization under conditions of water scarcity must be assessed
through a broader framework than historical production shares or gross output. Water becomes a binding
economic factor that changes comparative advantage and requires the use of indicators such as value added,
employment, export earnings, and environmental impact per cubic metre.

For the Bukhara region, the most appropriate pathway is a diversified smart specialization model based
on water-efficient horticulture, vineyards, medicinal plants, greenhouse production, food processing, cultural
tourism, education, digital services, and water technologies. This strategy should be implemented gradually
and should preserve rural employment through training, finance, and improved market access.

Five recommendations are proposed: to introduce district-level water-economic passports; to link irrigation
support to measured outcomes; to develop value-chain clusters for horticulture, processing, and tourism; to
establish a regional water-technology platform involving universities and firms; and to publish annual indicators
of water use, productivity, losses, and sectoral value added.
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