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ARAL SEA GOVERNANCE IN CENTRAL ASIA:
PROBLEMS AND DIRECTIONS

The Aral Sea crisis remains a defining transboundary environmental challenge in Central Asia, with
persistent implications for environmental security, regional stability, and sustainable development. This
study synthesizes the literature on Aral Sea governance to consolidate the main constraints identified by
scholars and to distill actionable directions for improving regional coordination and policy implementa-
tion. Drawing on a multilingual publication dataset published between 1991 and 2024, we first conduct
a CiteSpace-based bibliometric analysis of the English-language subset to map the international research
landscape, and then apply boundary analysis to the full multilingual dataset to identify and categorize
the key governance problems discussed for the Aral Sea basin.

Across the reviewed literature, 27 governance problems are identified. Based on mention frequency,
regional-level barriers account for the largest share (65%), followed by national (24%), individual (8%),
and international-system factors (3%). Governance responses discussed in the literature largely fall under
mitigation and adaptation, yet implementation is repeatedly constrained by weak institutional coordina-
tion, limited governance capacity, and related constraints. By showing how these barriers are distrib-
uted across governance levels, the study offers practical directions for regional cooperation and future
research on Aral Sea governance.

Keywords: Aral Sea governance, Central Asia, ecological crisis, boundary analysis.
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OprTanbik, A3usianafbl ApaA TeHji3iH 6ackapy:
MaceAeAep MeH GarbITTap

Apan TeHi3i Aaraapbicbl OpTasblk, A3Msaarbl €H ©3eKTi TpaHCLUeKapaAblK, SKOAOTMSAbIK, CblH-
KaTepAepAiH, 6ipi GOAbIN KaAbIM OTbIP >K8HE IKOAOTUSIAbIK, KAYiNCi3AiKKe, OHIPAIK TYpaKTbIAbIKKA 9pi
OPHbIKTbl AaMyFa Y3ak, Mep3iMAi biKMaAblH Turizyae. bya 3epTtey Apaa TeHisiH Gackapyfa KaTbICTbl
FbIAbIMM 9AEBMETTEPAI XKMHAKTAN, FAAbIMAAP aTar KePCETKEH Herisri WeKTeyAepAi KYMEeAenAl xaHe
OHIPAIK YIAECTIpY MEH casicaTThl iCKe acbIpyAbl XKaKcapTyFa GarblTTaAFaH KOAAAHOAABI YCbIHBICTApPADI
arkblHAAMABL. 1991-2024 >KbIAAAPbBI XApUSAQHFaH KOMTIAAI XKapusAaHbIMAAD AepekTepiHe cylieHe
oTbipbin, aspbiveH CiteSpace HerisiHaeri 6UBAMOMETPUSIABIK, TaAAQy apKblAbl aFbIALLBIH TiAIHAETI
AEPEKTEPAIH, iLLKI XXMbIHTbIFbl GOMbIHLIA XaAbIKAPAABIK, 38pPTTEYAEPAIH, XaArMbl KOPIHICI KapTaraHaAbl,
KeWiH TOAbIK KONTIAAI AepeKkTep >KMbIHTbIFbIHA LUeKapPaAbIK, TaAAdy SAICI KOAAAHBIAbIM, ApaA TeHi3i
aAabblHAQ TaAKbIAQHATbIH 6ACKAPYAbIH, HETi3ri Npo6AeMaAapbl aHbIKTAAbIM, KIKTEAEA|.

KapactbipbiafaH aaebueTttep GoibiHiLa 6ackapyra KaTbiCThl 27 MaCeAe alKblHAAAAbL. ATaAy
KMIAITIHE Kapal KeAepriAepAiH eH YAKEH YAeci OHipAiK AeHreire Tueciai (65%), opaH KeniH
YATTbIK, (24%), »Xeke (8%) >koHe XaAblKapaAblK, >XyMeAik daktopaap (3%) keaeai. Oaebuerte
TaAKbIAQHaTbIH 6ackapy wapasapbl HerisiHeH CaAAapbiH >KYMCApTy >koHe 6eniMAeAy GarFbiTTapbiHa
TONTACTHIPLIAFAHBIMEH, OAAPAbI iCKe acblpy Ke6iHe WHCTUTYUMOHAAABIK YMAECTIPYAIH SACI3Airi,
6acKapyLIbIAbIK, dAEYETTiH LIEKTEYAIAIr KoHe COFaH 0alAaHbICTbl ©3re Ae LIEeKTEeyAep CaAAapbiHaH
KanTa-kanTa TexxeAeai. Ocbl KeaepriArepAiH 6ackapy aeHrenaepi 60MbiHLA KaAa GOAIHETIHIH KepceTy
APKbIAbI 3€PTTEY OHIPAIK bIHTBIMAKTACTbIKTbI KYLIENATY XXaHe ApaA TeHi3iH 6ackapy xeHiHaeri 6oaaluak,
3epTTeyAep YLIiH NPakTUKaAbIK, 6arbiT-6arAap yCbiHaAbI.

Tyiin cesaep: Apaa TeHisiH Gackapy, OpTaabik, A3Msi, SKOAOIMAABIK AaFAAPbIC, LIEKAPAAbIK,
TaApsay.
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YnpaBaeHue ApaabCKMM mopem B LieHTpaAbHOM A3um:
Npo6AeMbl U HanpaBAeHU St

Kpr3anc ApaabCKOro mMopst OCTaéTCsi OAHUM M3 KAIOYEBbIX TPAHCIPaHWUHbBIX 3KOAOIMYECKMX Bbl-
30BOB B LleHTpaAbHOM A3MKM M MPOAOAXKAET OKa3blBaTb YCTOMUMBOE BAMSHME Ha 3KOAOTMYECKYIO
6e30MaCcHOCTb, PErMOHAAbHYIO CTaBMABLHOCTb M YCTOMUMBOE pa3BuTHe. B HacToslemM nccaeAoBaHUM
00600611aeTCs HayyHasl AUTEpaTypa Nno BONPOCam yrpaBAeHMst ADaAbCKMM MOPEM C LIEAbIO CUCTEMATU3M-
pOBaTb OCHOBHbIE OrPaHNYEHMNS, BbIAEASEMbIE MCCAEAOBATEAIMM, U CCHOPMYAMPOBATL MPaKTUyeckue
HamnpaBAEHUSI AAS YAYULLEHMS PErMOHAAbHOM KOOPAMHALMK M peaAm3aumm NoAMTUKM. Onmpasdach Ha
MHOTrO$13bI4HbIA Maccue nyOGAnkaumii 3a 1991-2024 rr., Mbl CHa4YaAa NMpPOBOAUM OMOAMOMETPUYUECKMIA
aHaam3 Ha ocHoBe CiteSpace no aHrA0sI3bIMHOM MOABLIGOPKE, UYTOObI KAPTUPOBATH MEXAYHAPOAHbIN
MCCAEAOBATEAbCKMIA AQHALLIAMT, @ 3aTEM MPUMEHSIEM METOA MOrPAaHNMYHOrO aHaAM3a KO BCEMY MHOIMO-
93bIYHOMY MACCMBY AAS BbISIBAEHWS U KAQCCUMDUKALMM KAIOUEBbIX MPOBAEM yrpaBAeHus, 06Cy>Kaae-
MbIX MPUMEHUTEABHO K 6accernHy ApaabCKOro MOpsi.

Mo utoram o630pa AuTepaTypbl BbisiBAEHO 27 npobaem ynpaBaeHusi. COrAaCHO 4acToTe Yrnomu-
HaHWIA, HaMBOAbLLIAs AOAS 6APbEPOB OTHOCUTCS K PErMOHAAbHOMY YPOBHIO (65%), AAA€e CAEAYIOT Ha-
LIMOHAAbHbBIN (24%), MHAMBUAYaAbHBIN (8%) 1 ypoBeHb (hakKTOPOB MEXAYHApPOAHOM cuctembl (3%).
O6cyxAaemble B AMTEPATYPE MEPbl PEArMpoBaHuisi B LLIEAOM IPYNNUPYIOTCS BOKPYT CMSIFYEHUS MOCAEA-
CTBMIA M aaanTaLmu, OAHAKO MX PEAAM3ALMS HEOAHOKPATHO CAEPIXKMBAETCS CAABOM MHCTUTYLMOHAAb-
HOWM KOOpAMHAUMEN, OrPaHNYEHHOM YNPaBAEHYECKOM EMKOCTbIO M COMYTCTBYIOLLMMM OFPaHUUYEHUSIMN.
[Noka3sbiBas, Kak 3T Gapbepbl pacrnpeAeAeHbl MO YPOBHSM YMpPaBAEHUS, UCCAEAOBaHME MpeAaAaraet
npaKkTU4ecKe OPUEHTUPDBI AAS PA3BUTUS PErMOHAABHOIO COTPYAHMYECTBA M AAAbHENMLLIMX MCCAEAOBa-

HWIA MO YNPaBAEHMIO APAAbCKMM MOPEM.

KaroueBble cAoBa: yripaBAeHWe ApaAbCKuUM MopeM, LleHTpaAbHast A3usi, SKOAOTMUECKMiA KPpU3NC,

ﬂOFpaHVIL{HblVI dHaAU3.

Introduction

The Aral Sea, located between Kazakhstan and
Uzbekistan in the interior of the Eurasian continent,
is characterized by extremely low annual precipi-
tation (100-130 mm) and high evaporation rates
(1250-1450 mm), resulting in a structurally fragile
hydrological system (Central Asia Climate Portal,
2024). The basin’s surface water resources (approx-
imately 116 km? per year) are primarily supplied by
the Amu Darya and Syr Darya rivers, while ground-
water reserves provide only limited additional sup-
port (Table 1). This natural imbalance, compounded
by large-scale Soviet irrigation policies, initiated the
severe shrinkage of the Aral Sea beginning in the
1960s (Figures 1 and 2). By the early 2000s, the lake
had lost nearly 80% of its volume, salinity had in-
creased by 6—12 times, and extensive coastal retreat
and desertification had occurred (Wu, 2010: 200).
Hydrological modeling further confirms that 86%
of the shrinkage is attributable to unsustainable an-
thropogenic water use, rather than climate variation
alone (Der Beek, 2011: 684).

The scale of ecological degradation — exem-
plified by the emergence of the Aralkum Desert,

a major source of toxic dust storms — underscores
the urgent need for effective governance solutions.
Although regional cooperation was institutional-
ized after independence through the establishment
of the Interstate Commission for Water Coordina-
tion (ICWC) in 1992 and the International Fund for
Saving the Aral Sea (IFAS) in 1993, the literature
continues to document fragmented institutional
mandates, limited coordination capacity, divergent
national priorities, and uneven implementation.
Meanwhile, growing involvement from external
partners has made it more urgent to reassess gover-
nance approaches.

Although the hydrological decline of the Aral
Sea and its socio-ecological impacts have been
widely studied, we still lack a systematic, multi-
level assessment of the governance constraints and
the policy pathways discussed in the literature. This
study therefore focuses on the Aral Sea governance
system, examining the structural problems identi-
fied by scholars and the directions they propose for
future action. Our aim is to synthesize this body of
research to clarify the main barriers to effective gov-
ernance and to highlight priority areas for strength-
ening regional cooperation.
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Table 1. Surface water resources in the Aral Sea Basin (average annual runoff, km?/a)

Country River Basin Total
Amu Darya Basin | Syr Darya Basin Average Annual Percentage of Total
Total Runoff Basin Volume
Kazakhstan — 2516 2.516 22
Kyrgyzstan 1.654 27.542 29.196 25.2
Tajikistan 58.732 1.0035 59.737 51.5
Turkmenistan 1.405 — 1.405 1.2
Uzbekistan 6.791 5.562 12.353 10.6
Afghanistan 10.814 — 10.814 9.3
and Iran

Total 79.396 36.625 116.021 100

Source: The table compiled by the authors

Figure 1. Satellite imagery of the Aral Sea changes from 1973 to 2023
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Source: The figure compiled by the authors
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Figure 2. Changes in the volume of the Aral Sea from 1960 to 2018
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Source: The figure compiled by the authors.

To meet these objectives, the study pursues three
tasks: (1) mapping the field’s knowledge structure
and thematic evolution through bibliometric visual-
ization; (2) identifying governance obstacles across
national, regional, and international levels using
boundary and hierarchical analysis; and (3) syn-
thesizing the governance strategies proposed in the
literature and assessing their implications for future
policy design.

Methodology

Using a multilingual set of publications from
1991 to 2024, this study first maps the research land-
scape of Aral Sea governance through CiteSpace-
based bibliometric visualization and then identifies
and structures governance problems using boundary
analysis.

Data collection

We compiled a multilingual publication dataset
on the Aral Sea crisis and its governance through
systematic searches across multiple databases. All
records were screened at the full-text level, and ir-
relevant items were excluded. The final dataset con-
sists of 407 publications: 63 in Chinese, 247 in Eng-
lish, 88 in Russian, and 9 in Kazakh and Uzbek.

Chinese-language retrieval (CNKI; CQVIP).
The search strategy targeted Chinese-language
equivalents of “Aral Sea crisis” OR “Aral Sea gov-
ernance”, within the time window 1991-12-26 to
2024-12-31. Document types were limited to jour-

nal articles, theses/dissertations, and conference pa-
pers. After screening, 63 records were retained.

English-language retrieval (Web of Science;
PQDT; JSTOR; EBSCO). The search query was:
Topic/All fields = (“The Aral Sea Crisis” OR “Man-
agement of the Aral Sea” OR “Governance of the
Aral Sea”) AND Time = (1991-2024), with docu-
ment types restricted to Article, Review Article, and
Proceeding Paper. After screening, 247 records were
retained. Because CiteSpace uses a Web of Science—
compatible input standard and only the Web of Sci-
ence Core Collection supports exporting full records
in plain-text format, the Core Collection served as the
primary source for bibliometric mapping. Records
retrieved from PQDT, JSTOR, and EBSCO were
treated as supplementary materials and manually im-
ported into the CiteSpace input directory. After pro-
cessing, CiteSpace successfully parsed 240 English-
language records for visualization.

Russian-language retrieval (Google Scholar).
The search query was: Content = (“ApajibCkuii
KPHU3UC WM yIIpaBjieHue ApaibsckuMm Mmopem”) AND
Time = (1991-2024). After screening, 88 records
were retained.

Kazakh- and Uzbek-language retrieval (Google
Scholar). Searches were conducted sequentially in
Kazakh and Uzbek using the terms for “Aral Sea
crisis” and “Aral Sea governance” (Kazakh: “Apan
TEHI31 Jarmapeichl”, “Apan TeHi3iH Oackapy”;
Uzbek: “Orol dengizi inqirozi”, “Orol dengizini
boshqarish™). After screening, 9 records were re-
tained.
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Bibliometric mapping (English-language sub-
set)

Bibliometric visualization was conducted on the
English-language subset (see Appendix A) using
CiteSpace 6.3.R1. Parameter settings were: Time
Slicing = 1991-2024, Years Per Slice = 1, g-index
(k = 25), Top N = 50, with network pruning via
Pathfinder and Pruning sliced networks. Visual out-
puts were generated for institutions, countries, and
keywords, producing an institutional collaboration
network, a keyword co-occurrence map, and a burst-
term table (burst detection parameter y = 0.6). To
improve readability, single-occurrence nodes (fre-
quency = 1) were suppressed in the institutional and
keyword maps.

Problem synthesis

To synthesize governance constraints systemati-
cally, all 407 publications were reviewed individu-
ally. Governance-related issues were extracted and
consolidated into 27 distinct problems. A problem
saturation curve was then constructed by relating
the cumulative number of problems identified to the
number of studies reviewed. The 27 problems were
subsequently coded and grouped hierarchically into

individual, national, regional, and international-
system levels. Finally, we calculated and ranked
how often each problem was mentioned across the
dataset, showing where constraints concentrate and
how these concentrations contribute to governance
fragmentation.

Visual Analysis of Research Status

The visual analysis based on CiteSpace illus-
trates the structural characteristics of global scholar-
ship on Aral Sea governance and highlights evolv-
ing research patterns across institutions, countries,
and thematic domains.

As shown in Figure 3, three major collabora-
tion clusters can be observed: one anchored by the
University of the Chinese Academy of Sciences
and the Xinjiang Institute of Ecology and Geog-
raphy; a second cluster linking the University of
Bonn, CGIAR, and the International Water Man-
agement Institute; and a third cluster connecting
the Helmholtz Association with Uzbek scientific
institutions, pointing to sustained European en-
gagement in Central Asian ecological and water-
related research.

Figure 3. Cooperation network of international research institutions
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As shown in Figure 4, China, Uzbekistan, Ger-
many, the United States, and Kazakhstan stand out
as the principal hubs in the English-language lit-
erature on the Aral Sea. Uzbekistan, Germany, the
United States, and China exhibit relatively high cen-
trality and are linked to partners in Kazakhstan, Rus-
sia, the United Kingdom, India, Japan, etc., pointing
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to a broadly cross-border pattern of collaboration.
By comparison, China—Russia co-authorship ties
appear thinner, which may reflect both database
language coverage and differing research traditions,
with Russian scholarship more strongly oriented to-
ward multidisciplinary hydrological and ecological
monitoring.
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Figure 4. Distribution of countries publishing in international journals

Source: The figure compiled by the authors

As shown in Figure 5, international keyword
clustering suggests that climate change and eco-
logical management serve as prominent organizing
themes. Within this thematic structure, the literature
pays close attention to the combined impacts of cli-

mate change and human activities on the Aral Sea,
hydrological dynamics and evaluations of water-use
efficiency, water-management approaches across
the five Central Asian states, and ecological restora-
tion strategies.

Figure 5. Co-occurrence map of keywords internationally
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As shown in Table 2, burst-term analysis captures
shifts in scholarly attention over time. Newly emerg-
ing terms (including “dynamics,” “precipitation,” and
“impacts”) are consistent with growing interest in in-
tegrated climate—hydrology assessments and a stron-

ger tendency to discuss the broader security impli-
cations of water scarcity. Meanwhile, longer-lasting
bursts (e.g., “cotton” and “water management”) in-
dicate sustained attention to the irrigation legacy and
the governance challenges associated with it.

Table 2. Top 9 keywords with the strongest citation bursts internationally

Keywords Strength Duration 1991-2024
water management 271 2003-2007
cotton 3.09 2011-2016 e
security 2.93 2014-2015 m————
conflict 2.59 2017-2019
cooperation 2.19 2017-2019 ————
tien shan 2.35 2018-2019 m————
dynamics 248 2019-2020
precipitation 2.23 2019-2022 ———
impacts 2.69 2021-2024  ———————= ==

Source: The table compiled by the authors

The visualizations indicate that research on Aral
Sea governance has broadened institutionally and
become more internationally networked. They also
show a growing tendency to treat the crisis through
an integrated lens that connects ecological degrada-
tion, climatic stressors, and fragmented governance.
While these patterns do not in themselves prescribe
solutions, they delineate the field’s contours and
provide a clearer starting point for identifying where
structural constraints cluster and how regional coop-
eration might be assessed and strengthened.

Problems in Aral Sea Governance Under
Boundary Analysis

Through reviewing 407 pieces of literature indi-
vidually, this study compiled 27 specific problems.
Based on the number of problems discovered and
the literature reviewed, we drew a problem satura-
tion curve for the problems existing in the process of
Central Asian countries’ governance of the Aral Sea
crisis (Figure 6). Based on this, these specific prob-
lems were further classified hierarchically (Figure
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7), and the frequency of problems mentioned in the
literature was ranked (Table A.1). The results show
that approximately 65% belong to regional-level
problems, 24% to national-level problems, 8% to
individual-level problems, and 3% to international
system-level problems.

Regional-Level Problems

In Aral Sea governance, regional-level problems
are recognized as the central bottleneck, which can
be divided into four dimensions: First, water rights
problems are often identified as a foundational con-
straint on governance, severely affecting the rational
allocation and utilization of water resources; Sec-
ond, current cooperation mechanisms have obvious
deficiencies or operate inefficiently, making it diffi-
cult to meet actual governance needs; Third, signifi-
cant differences and contradictions exist among the
five countries, increasing coordination difficulties;
Fourth, most agreements and laws have failed to be
effectively implemented, making it difficult for gov-
ernance to achieve practical results.
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Figure 6. Problem saturation curve of Aral Sea governance
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Figure 7. Levels of analysis of the Aral Sea governance problems
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Uneven Water Allocation and Unsettled Water
Rights

A persistent distributional imbalance across
the basin sits at the center of the Aral Sea crisis
(Turner, 2003: 55). In the Soviet era, seasonal wa-
ter releases were effectively coordinated through a
centrally managed water-energy bargain between
upstream and downstream republics. After the So-
viet Union dissolved, the basin-wide coordination
embedded in the water—energy exchange largely un-
raveled. Although the 1992 Almaty Agreement for-
mally preserved Soviet-era water allocation quotas
(often described as a continuation of the principle

that water-rich upstream states used proportionally
less water) these arrangements failed to establish
clearly defined and mutually accepted water rights
(Min, 2022: 64). As a result, regional actors en-
tered a condition of nominal consensus combined
with persistent practical confrontation (Guo et al.,
2022: 18). At the same time, national economic pri-
orities diverged: downstream countries continued to
prioritize irrigation-based agricultural production,
while upstream countries increasingly sought to uti-
lize water resources for hydropower development.
The breakdown of the former energy compensation
mechanism intensified water—energy imbalances,
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bringing supply—demand contradictions to the fore-
front and triggering recurrent disputes across the
basin.

Mismatch Between Governance Needs and Re-
gional Cooperation Mechanisms

A substantial gap exists between the complex-
ity of Aral Sea governance challenges and the in-
stitutional capacity of existing regional cooperation
mechanisms. First, many agreements concluded
among Central Asian states rely heavily on broad
and principle-oriented provisions regarding coop-
eration obligations and implementation pathways,
limiting their operational effectiveness (Wang et al.,
2022: 70). As a result, these agreements often lack
problem orientation and fail to generate substantive
governance outcomes.

Second, basin-wide management institutions re-
main weak, with unclear functional mandates and
fragmented divisions of responsibility, leading to
low operational efficiency. In particular, the Interna-
tional Fund for Saving the Aral Sea (IFAS) has been
widely criticized for its largely formal authority and
insufficient institutional reform (Janusz-Pawletta,
2015: 895). Third, key supporting mechanisms are
underdeveloped, including transparent information-
sharing systems (Li et al., 2018: 99), effective moni-
toring and sanction mechanisms (Weinthal, 2000:
295-311), incentive structures to promote compli-
ance, credible dispute resolution procedures (Vino-
gradov et al.,2001: 353), and sustained coordination
platforms (Severskiy, 2004: 353). Finally, key legal
areas — most notably groundwater governance, rules
for transboundary allocation, and agreed limits on
water use — remain underdeveloped, leaving the ba-
sin without a coherent legal architecture for collec-
tive action on the Aral Sea crisis (Rakhmatullaev et
al., 2012: 67-80).

Divergent Interests and Uneven Governance
Capacity

Cross-state differences among the five Central
Asian countries add another layer of difficulty to
regional governance. First, low levels of political
trust and enduring suspicions make it hard to sus-
tain stable coalitions for cooperation (Kamalov,
2009: 367-369). Second, priorities around water
use, energy security, and development diverge
sharply, so states often pursue different policy ob-
jectives rather than a shared basin-wide agenda
(Yu et al., 2019: 10). Third, willingness to partici-
pate and administrative capacity vary substantial-
ly across countries, which translates into uneven
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implementation and inconsistent outcomes on the
ground (Hao, 2021: 65).

Within the existing literature, Kazakhstan is fre-
quently identified as the most proactive actor in Aral
Sea governance. Due to its geographical position in
the northern Aral Sea and its relatively stronger fis-
cal capacity, Kazakhstan faces more immediate eco-
logical impacts and possesses greater resources to
support governance initiatives. Consequently, it has
emerged as a central participant and an important
driver of water resource management reforms in the
basin. In contrast, other Central Asian states have
undertaken more limited actions and contributed
comparatively fewer resources to addressing the cri-
sis (Yang et al., 2024: 181-184).

Weak Implementation of Agreements and Inter-
national Water Law

The limited effectiveness of regional gover-
nance is further reflected in the persistent gap be-
tween treaty commitments and practical implemen-
tation. Many agreements signed since independence
lack enforceability and binding force, resulting in
weak compliance and continued disputes over wa-
ter allocation (Isaynov et al., 2013: 95). Moreover,
international water law has not been uniformly ad-
opted or effectively applied across the region.

Although Kazakhstan, Uzbekistan, and Turk-
menistan have acceded to the Convention on the
Protection and Use of Transboundary Watercourses
and International Lakes, and Kazakhstan and Uz-
bekistan have joined the Convention on the Law of
the Non-Navigational Uses of International Water-
courses, other Central Asian states remain outside
these frameworks. Divergent interpretations of in-
ternational water law and differing national posi-
tions have prevented the establishment of a shared
normative foundation for transboundary river gov-
ernance. As a result, the region continues to lack
universally recognized guiding principles capable
of structuring stable, predictable, and effective co-
operation.

National-Level Problems

At the national level, governance constraints
primarily stem from political-institutional struc-
tures and socio-economic limitations within Cen-
tral Asian states. In terms of state governance, most
Central Asian countries exhibit highly centralized
and authoritarian political systems. The excessive
concentration of political power increases the risk
of unequal resource allocation and rent-seeking be-
havior, which undermines effective environmental
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governance (Borishpolets, 2010: 32). In the con-
text of Aral Sea governance, public funds and re-
sources intended for ecological restoration are of-
ten diverted to satisfy specific interest groups rather
than addressing the core environmental challenges.
Empirical studies indicate that corruption and mis-
appropriation of project funds (such as the redirec-
tion of resources to non-affected regions or affiliated
enterprises through fictitious contracts) have sig-
nificantly reduced the effectiveness of governance
initiatives (Glanz et al., 2014: 153). In addition, the
economic structures of Central Asian countries have
remained heavily dependent on cotton cultivation
and other irrigation-intensive agricultural activi-
ties since the dissolution of the Soviet Union. This
path-dependent development model has weakened
economic resilience and constrained fiscal capacity.
Even Kazakhstan and Uzbekistan, which possess
relatively stronger economic foundations among
the five states, face substantial financial limitations
that restrict their ability to implement large-scale
and sustained interventions to mitigate the ongoing
shrinkage of the Aral Sea (Ablekim et al., 2019: 16).

From the perspective of domestic society, public
engagement in Aral Sea governance remains limit-
ed. Existing research suggests a general lack of sus-
tained attention and participation by local communi-
ties and social organizations (Hirsch et al., 2010).
While public awareness of the severity of the Aral
Sea crisis has increased at a superficial level, this
awareness has not translated into active participation
or collective action. This disjunction between cogni-
tion and practice reflects a broader pattern of partici-
pation inertia, in which individuals fail to perceive
their own responsibilities and agency in addressing
environmental problems. As a result, the Aral Sea
crisis has struggled to evolve into a socially mobi-
lizing public issue. Furthermore, the widespread de-
terioration and aging of hydrological infrastructure
significantly constrain governance capacity (Mi-
granyan, 2024: 104-124). Inadequate monitoring
facilities and outdated technical equipment impede
accurate assessment of ecological conditions and
delay policy adjustments. Shortages of professional
expertise, insufficient technical training, and weak
administrative execution capabilities further exacer-
bate national-level governance challenges.

Individual-Level Problems

At the individual level, governance outcomes
are strongly shaped by how political leaders set pri-
orities and weigh competing goals. Since indepen-
dence, most Central Asian states have consolidated

presidential systems in which agenda-setting and
key policy powers are concentrated in the execu-
tive. Where checks on executive authority are weak,
policy practice tends to reflect leaders’ preferences
rather than stable, rule-based constraints — so insti-
tutions are more often molded by power than used to
constrain it (Liang, 2022: 36).

This governance structure has two recurring
consequences. First, nationalist narratives among
political elites can harden bargaining positions (Shi,
2009: 29), pushing decision-makers to prioritize
narrowly defined national or ethnic interests over
basin-wide ecological needs and the legitimate
claims of neighboring states. Second, short-term
economic considerations can displace long-horizon
ecological strategies that require sustained commit-
ment and yield benefits only gradually, encouraging
a reactive approach to the Aral Sea crisis. Some of-
ficials have even questioned whether preserving the
Sea is worthwhile, arguing that allocating water to
irrigated agriculture delivers quicker economic re-
turns (Glanz et al., 2014: 153).

International System-Level Problems

At the international system level, governance of
the Aral Sea is shaped and often constrained by Cen-
tral Asia’s broader geopolitical and security environ-
ment. Since the dissolution f the Soviet Union, major
powers, including the United States and Russia, have
sought to expand their regional influence through
diplomatic engagement, economic and technical as-
sistance, and strategic communication. Such compet-
itive dynamics have contributed to the securitization
of transboundary water issues, recasting water alloca-
tion and basin management as questions of national
and regional security rather than shared environmen-
tal governance. As a result, basin-wide integration
and multi-level cooperation have been weakened (Li
etal., 2018: 103). In addition, a volatile regional secu-
rity context can further crowd out sustained attention
and resources for long-term environmental coopera-
tion, increasing uncertainty and transaction costs for
coordinated action on the Aral Sea crisis.

Constraints and Pathways

Aral Sea governance faces a set of persistent
constraints as well as a growing, but still contested,
range of governance pathways.

Problem Synthesis

Aral Sea governance is not something any single
state can address on its own. As a transboundary en-
vironmental challenge, it is hindered by persistent
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coordination gaps and uneven cooperation among
the five Central Asian countries.

First, effective governance requires a shared
diagnosis of regional environmental risks and sus-
tained political commitment to cooperation. En-
hancing mutual understanding and political trust is
a prerequisite for building collective action capac-
ity. Second, countries need to articulate common
governance objectives and establish coherent policy
pathways, supported by adequate resource inputs
(including finance, technology, expertise, and in-
frastructure) and functional cooperation mecha-
nisms such as information-sharing, coordination,
incentives, and compliance frameworks. Third, ef-
fective implementation depends on an integrated
governance structure combining top-down state
coordination with bottom-up participation by local

communities, enterprises, civil society, and interna-
tional organizations. Governance outcomes should,
in turn, feed back into policy learning and strategic
adjustment. Throughout this process, external actors
continue to exert significant influence on regional
governance dynamics (Figure 8).

In sum, weak regional cooperation remains the
primary constraint on effective Aral Sea gover-
nance. Existing work attributes governance short-
falls to four interrelated factors: limited political
commitment and cohesion; fragmented planning
and competing objectives; gaps in institutional ar-
rangements and resource support; and weak imple-
mentation and enforcement of existing agreements.
Taken together, these dynamics generate a vicious
circle that continues to constrain governance effec-
tiveness.

Figure 8. Path map of factors affecting regional environmental governance effectiveness
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Current governance strategies generally follow
two complementary pathways: mitigation and adap-
tation.

Mitigation

Mitigation strategies primarily emphasize eco-
logical restoration and the deceleration of the Aral
Sea’s shrinkage. The literature identifies two mutu-
ally reinforcing approaches: top-down coordinated
governance and bottom-up polycentric collabora-
tion.

From a top-down perspective, differences in re-
source endowments and vulnerability levels neces-
sitate differentiated responsibilities. Kazakhstan and
Uzbekistan, given their relatively stronger capacities
and higher exposure, are expected to assume greater
responsibility for supplying regional environmental
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coordinated support. Priority actions include basin-
wide assessments of existing policies and ecological
risks (particularly climate change) to identify gover-
nance gaps and coordination bottlenecks (Prniyazo-
va et al., 2024: 44). On this basis, comprehensive
and context-specific restoration programs should be
developed, guided by principles of ecological suit-
ability, water balance, and integrated land—water
management (He et al., 2021: 136). Strengthening
institutional capacity is essential, including enhanc-
ing the authority and effectiveness of ICWC and
IFAS, clarifying institutional mandates through
supplementary legal instruments, and deploying
modern hydrological monitoring and data systems
in key river basins.

Complementing this approach, bottom-up and
outside-in polycentric governance seeks to address
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the fundamentally human-induced nature of the Aral
Sea crisis. This requires activating local ecological
awareness and participation through environmental
education and community engagement (Berdimu-
ratova, 1999: 128-139), while decentralizing gov-
ernance authority to empower local governments.
Local actors are better positioned to design and
implement context-sensitive measures aligned with
on-the-ground realities. At the same time, interna-
tional organizations and external partners should be
encouraged to participate through embedded and
equal cooperation, rather than hierarchical interven-
tion, thereby enhancing resource mobilization and
policy innovation.

Adaptation

Adaptation strategies focus on mitigating the
socio-economic, political, and human security im-
pacts of the Aral Sea crisis. Politically, ecological
degradation has intensified tensions over trans-
boundary water allocation and increased the risk of
regional instability. Economically, declining water
availability undermines agriculture, fisheries, and
livelihoods, exacerbating poverty and inequality.
Socially, environmental degradation has generated
population displacement and health risks, giving
rise to new challenges associated with environmen-
tal migration.

In response, two priority adaptation pathways
have emerged. The first centers on resolving focal
water-related conflicts, particularly disputes over
water allocation, energy compensation, and hydro-
power development. Effective resolution requires
shared recognition of the public-good nature of
transboundary water resources and basin ecosys-
tems, alongside the dual attributes of water as both
a livelihood necessity and an economic commod-
ity. Establishing unified regional water governance
frameworks that integrate scientifically grounded
allocation rules with market-based water-energy ex-
change mechanisms can help mitigate persistent co-
ordination dilemmas. These arrangements should be
accompanied by broader institutional reforms and
supported by international organizations and exter-
nal partners capable of providing financial, techni-
cal, and policy assistance.

The second pathway prioritizes safeguarding
livelihoods and promoting sustainable develop-
ment. Immediate efforts should focus on improv-
ing public health systems, livelihood protection,
and disaster preparedness in affected areas (Wu
et al., 2023: 925), with particular attention to vul-
nerable groups such as women and children. In

the longer term, adaptation requires transform-
ing regional development models by improving
water-use efficiency, modernizing irrigation in-
frastructure, promoting crop diversification, and
fostering emerging industries. Reducing exces-
sive dependence on irrigation-intensive agricul-
ture and resource-based sectors is essential for
enhancing economic resilience and long-term
adaptive capacity.

Results and discussion

This section situates the study’s main findings
within broader debates on environmental gover-
nance and clarifies their implications for future re-
search and policy.

Based on a systematic review and bibliomet-
ric analysis, this study finds that existing scholar-
ship has developed a solid understanding of Aral
Sea governance at the national and regional levels,
with particular attention to governance motivations,
institutional arrangements, policy instruments, and
implementation constraints across the five Central
Asian states. However, the dominance of national
and regional lenses also means that the field remains
largely state-centric and regionally bounded, which
limits its ability to capture the crisis’s multi-layered
governance complexity. Consequently, the absence
of an integrated multi-level analytical framework
has constrained more systematic accounts of how
global norms, international actors, and transbound-
ary environmental regimes interact with regional in-
stitutions and domestic policies.

At the same time, the frequent conflation of Aral
Sea governance with broader Central Asian water
management highlights the need for more problem-
specific analysis. Regional water governance is an
essential backdrop, but overly general framings can
blur what is distinctive about the Aral Sea case — its
acute ecological sensitivity, the legacy of Soviet-era
irrigation, and the particular configuration of cross-
border governance constraints. Relatedly, the crisis
is not well captured by political or institutional ac-
counts alone. It is produced through the interaction
of ecological change, climatic variability, socio-
economic restructuring, and historical path depen-
dence, which points to the value of more systematic
interdisciplinary integration.

Debates over future governance pathways place
institutional design and political feasibility at the
center of the discussion. Calls for supranational ar-
rangements reflect awareness of deep-seated con-
straints — unequal allocation patterns, contested
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rights and responsibilities, and weak coordination,
but their prospects are often limited by sovereignty
sensitivities and domestic incentive structures. In
this regard, more flexible arrangements (such as re-
gional water-energy alliances) may offer a pragmat-
ic alternative, balancing coordination needs with po-
litical realities. Overall, advancing research on Aral
Sea governance requires a shift toward multi-level,

interdisciplinary, and problem-specific approaches,
alongside renewed attention to institutional inno-
vation, to enhance both analytical rigor and policy
relevance.

This research article supported by the Funda-
mental Research Funds for the Central Universities
(No. 2025jbkyjd003)
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