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Abstract 

Urban aquaculture is emerging as an increasingly important component of food and nutrition security, livelihoods, and 

sustainable city food systems in rapidly urbanising low- and middle-income countries. In Kenya, however, aquaculture 

development has largely been approached through sectoral production programmes rather than through urban governance and 

spatial planning systems. This has resulted in limited recognition of aquaculture as an urban land use, fragmented institutional 

mandates, weak public health and environmental safeguards, and an absence of structured investment guidance for urban and 

peri-urban aquaculture enterprises. This paper develops an evidence-based framework for integrating urban aquaculture into 

county spatial planning in Kenya, drawing on lessons from international practice and local stakeholder evidence. The study 

applies a qualitative design combining document review and key informant interviews with personnel drawn from county 

fisheries departments, physical and land-use planning, environment and NEMA-related functions, public health, water and 

sanitation utilities, and aquaculture enterprises. Evidence synthesis was organised around core planning domains: land-use 

recognition and zoning, water supply and effluent governance, food safety and biosecurity, infrastructure and value chain 

planning, and enterprise enabling systems. Findings indicate that while national and regional blue economy strategies 

increasingly acknowledge aquaculture as an economic priority, county planning instruments (including CIDPs and spatial plans) 

rarely provide explicit provisions to guide safe and investable urban aquaculture development. Stakeholders consistently 

identified planning deficits in zoning, licensing pathways, wastewater management protocols, and enforcement coordination as 

primary barriers to sustainable scaling. Based on these findings and global planning experiences, the paper proposes a six-pillar 

Urban Aquaculture Spatial Planning Framework for Kenya and outlines an early implementation roadmap that can be adopted 

by counties such as Nairobi, Kisumu, Mombasa, Nakuru, Eldoret, and the Kiambu urban corridor. The framework supports 

policy coherence, risk-sensitive siting, and structured growth of climate-smart urban aquaculture aligned to county development 

priorities. 
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1. Introduction 

Rapid urbanisation across sub-Saharan Africa is reshaping 

food demand, livelihood structures, and the spatial organisa-

tion of urban economies. As cities expand, food systems must 

increasingly deliver affordable and nutrient-dense foods in 

contexts where land, water, energy, and sanitation infrastruc-

ture are constrained. Urban and peri-urban agriculture has 

therefore gained renewed significance as a strategy for im-

proving household nutrition, employment, and resilience, par-

ticularly in low- and middle-income countries where formal 

supply chains often fail to meet rising demand [1, 2]. Recent 

evidence further shows that urban food production when 

properly planned and regulated can reduce vulnerability to 

price shocks, diversify livelihoods, and strengthen local food 

availability, although risks related to public health, land tenure, 

and water quality can undermine these gains if governance 

systems are weak [3, 4]. 

Aquaculture increasingly occupies a central position within 

this emerging urban food systems agenda. Globally, aquacul-

ture has become indispensable for meeting fish demand, par-

ticularly because capture fisheries are ecologically con-

strained and have plateaued in production over several dec-

ades [5]. Fish is widely recognised as a key “nutrient-dense” 

food supporting dietary quality, and aquaculture offers a scal-

able pathway for improving access to animal protein and es-

sential micronutrients within growing urban markets [5]. Be-

yond food supply, aquaculture provides additional advantages 

that compare favourably with other urban economic activi-

ties—such as high productivity per unit land and water, rapid 

enterprise turnover, strong youth and women employment po-

tential, and opportunities for value addition and service-sector 

linkages (feed, seed, processing, logistics), making it a com-

petitive and inclusive urban livelihoods option under Blue 

Economy development pathways [5, 6]. However, aquacul-

ture development especially in cities raises complex planning 

issues linked to competition for land and water, potential pol-

lution burdens, and food safety risks. The sustainability of aq-

uaculture expansion is therefore increasingly understood not 

simply as a technical production question, but as a governance 

and spatial planning challenge requiring coordinated land-use 

management and risk controls across multiple institutions and 

stakeholders [7, 8]. 

A key concern highlighted in the broader literature is that 

aquaculture growth often outpaces regulatory and planning 

systems, resulting in informal expansion, weak compliance, 

and intensified environmental and public health risks. In dense 

urban settings, aquaculture interacts directly with wastewater 

systems, industrial pollution corridors, and residential land 

uses, making siting and operational controls particularly im-

portant. Planning instruments such as zoning, site selection 

guidelines, and area management approaches have therefore 

been promoted internationally as practical governance tools 

for ensuring aquaculture development aligns with environ-

mental protection and public health safeguards [7, 8]. These 

insights align with the “ecosystem approach to aquaculture”, 

which emphasises integration of aquaculture into broader 

land- and water-use systems, balancing socio-economic bene-

fits with ecosystem integrity [8]. While much early scholar-

ship on aquaculture planning focused on coastal and marine 

systems, the underlying governance logic applies equally if 

not more strongly to urban aquaculture, where spatial conflicts 

and exposure pathways are more concentrated. 

Urban aquaculture itself is evolving as a distinct domain of 

innovation, often characterised by intensification and technol-

ogy adoption to overcome land scarcity and improve water ef-

ficiency. A growing body of literature has documented the in-

creasing relevance of systems such as tank-based farming, re-

circulating aquaculture systems (RAS), and integrated aqua-

ponics in urban contexts due to their efficiency and ability to 

operate on small footprints [9, 10]. These systems are fre-

quently positioned within the circular economy discourse be-

cause they can support nutrient recycling and integrated food 

production, although they require careful governance of en-

ergy, water sourcing, and effluent treatment [9, 10]. Im-

portantly, studies caution that without supportive planning in-

cluding licensing pathways, food safety protocols, and infra-

structure investment high-tech urban aquaculture can remain 

marginal, benefiting only niche markets rather than contrib-

uting meaningfully to city-scale food security goals [10]. 

Within Africa, urban and peri-urban aquaculture is increas-

ingly recognised as a livelihood and food security strategy, 

particularly in rapidly growing cities where fish demand is ris-

ing and supply chains are strained. Evidence from African ur-

ban contexts suggests that urban aquaculture can generate em-

ployment and improve household consumption, but con-

straints such as land tenure insecurity, unreliable water supply, 

high feed costs, and weak extension services limit perfor-

mance [11, 12]. Moreover, governance gaps including limited 

coordination across environmental agencies, public health de-

partments, and local authorities can create risk exposure and 

weaken legitimacy of aquaculture as an urban activity [11]. 

This is particularly relevant because public perception, nui-

sance concerns (odour, waste, noise), and enforcement capac-

ity shape whether aquaculture is accepted and mainstreamed 

in cities or pushed into informal and vulnerable spaces. 

Kenya offers a timely case for investigating these issues be-

cause the country is simultaneously experiencing rapid urban ex-

pansion and renewed national emphasis on fisheries and aquacul-

ture development as part of a broader blue economy agenda. Ur-

ban corridors such as Nairobi–Kiambu, and secondary cities such 

as Kisumu, Mombasa, Nakuru and Eldoret, increasingly serve as 

demand centres and innovation hubs for aquaculture enterprises. 

Evidence from Kenya indicates that aquaculture technologies and 

innovations including tank systems, RAS prototypes and inte-

grated aquaponics are emerging, particularly within Lake Victo-

ria riparian counties and urban markets [13]. At the same time, 

Kenya’s aquaculture development remains shaped largely by 
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production-oriented interventions rather than by spatial planning 

systems that regulate siting, water access, effluent control, and 

food safety in cities. This disconnect is significant because urban 

aquaculture is inherently cross-sectoral: it intersects with land-

use planning, water and sanitation governance, environmental 

regulation, public health, trade and market infrastructure, and en-

terprise development support. 

Devolved governance further heightens the importance of 

county planning systems in Kenya. County governments are 

mandated to prepare integrated development plans and spatial 

plans that guide investment, zoning, and service infrastructure. 

Yet, in practice, aquaculture often remains weakly articulated 

in urban sections of these planning instruments. This reflects 

a broader pattern in which fisheries and aquaculture develop-

ment is treated as a rural sector or “blue economy” domain, 

while urban planning frameworks prioritise housing, transport, 

industrial development, and commercial land uses. Conse-

quently, urban aquaculture in Kenya tends to develop as 

small-scale and semi-formal activity often established in 

backyards, institutional spaces, or peri-urban margins without 

clear spatial recognition, coherent licensing pathways, or har-

monised oversight across public health, environment, and 

fisheries authorities. The likely outcome is a development 

pathway that risks entrenching informality, limiting invest-

ment confidence and exposing enterprises and consumers to 

preventable environmental and food safety risks. 

This paper responds to this policy and planning gap by de-

veloping an evidence-based framework for integrating urban 

aquaculture into county spatial planning systems in Kenya. 

Drawing on international lessons in aquaculture governance 

and planning, and informed by local stakeholder perspectives, 

the study shifts emphasis from “aquaculture promotion” to 

“aquaculture integration” within city governance structures. 

Specifically, the paper aims to: (i) synthesise peer-reviewed 

and policy evidence on urban aquaculture planning and gov-

ernance; (ii) examine institutional and regulatory gaps shaping 

urban aquaculture development in Kenya based on document 

review and key informant interviews; and (iii) propose a prac-

tical planning framework and early implementation recom-

mendations for mainstreaming urban aquaculture into county 

spatial plans, with applicability to Kenyan cities such as Nai-

robi, Kisumu, Mombasa, Nakuru, Eldoret, Machakos, and the 

Kiambu urban corridor. By positioning urban aquaculture as a 

spatial planning issue, the study contributes to the emerging 

scholarship on sustainable urban food systems while offering 

actionable guidance for counties seeking to align aquaculture 

development with safe, investable and climate-smart urban 

growth pathways. 

2. Methodology 

2.1. Study Design 

This study adopted a qualitative, exploratory design aimed 

at developing an evidence-based framework for integrating 

urban aquaculture into county spatial planning in Kenya. A 

qualitative approach was considered suitable because the 

study sought to understand how urban aquaculture is repre-

sented in planning and governance instruments, how institu-

tional actors coordinate across sectors, and how practical plan-

ning pathways can be designed within devolved governance 

systems [14, 15]. The research applied methodological trian-

gulation by combining document analysis with key informant 

interviews, thereby strengthening interpretive depth and al-

lowing cross-validation between formal policy texts and 

stakeholder experiences of implementation [16, 17]. 

2.2. Study Context and Analytical Focus 

The study was undertaken within the context of Kenya’s 

devolved governance system, where county governments hold 

mandates for county planning, investment prioritisation, and 

implementation of programmes in sectors that intersect di-

rectly with urban aquaculture, including public health, envi-

ronment, water and sanitation infrastructure, local economic 

development, and aspects of agriculture and fisheries. Urban 

aquaculture was treated as a cross-cutting food system activity 

whose sustainability depends not only on technical perfor-

mance but also on the extent to which it is recognised and reg-

ulated through land-use and spatial planning instruments. Ac-

cordingly, analysis focused on planning-relevant domains in-

cluding land-use recognition and zoning, water supply gov-

ernance and effluent control, food safety and biosecurity reg-

ulation, environmental compliance pathways, and enterprise 

enabling systems such as market infrastructure and investment 

support [7, 8]. 

2.3. Selection of Urban Cases 

To capture contextual diversity in aquaculture opportunities 

and planning constraints across Kenyan cities, the study pur-

posively selected representative urban cases where aquacul-

ture enterprises are emerging and where governance complex-

ities associated with urban growth are prominent. The selected 

cities and urban corridors included Nairobi City County, Ki-

sumu City, Mombasa City, Nakuru City, Eldoret in Uasin 

Gishu County, and the Kiambu urban corridor, particularly 

Thika and Ruiru. These cases were chosen to reflect variations 

in settlement density, water availability, infrastructure capac-

ity, exposure to environmental risks, and market structure, 

thereby ensuring that the proposed planning framework would 

be relevant across diverse county contexts [17, 18]. In addition, 

these cities represent high-demand consumer markets and in-

novation spaces in which high-efficiency systems such as tank 

farming, recirculating aquaculture systems, and aquaponics 

are increasingly feasible [9, 10]. 

2.4. Document Review Procedure 

A structured document review was undertaken to assess 
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how urban aquaculture is addressed, conceptualised, or omit-

ted in national and county planning instruments in Kenya. 

Documents were identified through targeted searches of offi-

cial government platforms, institutional repositories, and 

county planning offices, supplemented by publicly available 

strategy papers and legal-regulatory guidance relevant to land 

use, food systems, environment, and public health. Document 

analysis was applied because it enables systematic extraction 

of meanings, priorities and omissions from policy texts and 

planning artefacts, while supporting triangulation with inter-

view evidence [19, 20]. The review included national and 

county fisheries and aquaculture policy documents, sector 

strategies, county integrated development plans, county spa-

tial plans and urban development plans where available, envi-

ronmental compliance and impact assessment guidance, wa-

ter-sector governance documents, and public health and food 

safety instruments that could inform aquaculture licensing and 

oversight in cities [19]. Documents were selected if they were 

official publications or in operational use by relevant institu-

tions, contained content directly related to aquaculture, urban 

agriculture, land-use planning, public health regulation, envi-

ronmental management, or enterprise development, and fell 

within the period 2010–2025 to capture contemporary practice 

under devolution [20, 21]. 

To support systematic synthesis, a document extraction ma-

trix was used to record key attributes including document type, 

issuing institution, year of publication, explicit references to 

aquaculture or urban aquaculture, provisions for zoning or 

land-use allocation, permitting and compliance procedures, 

water and effluent governance requirements, and enterprise or 

investment planning priorities. Extracted content was then 

coded thematically to identify how aquaculture is positioned 

within urban governance and to detect recurring planning gaps, 

implicit assumptions, or institutional contradictions relevant 

to spatial mainstreaming [19, 22]. 

2.5. Key Informant Interviews 

Key informant interviews were conducted to obtain expert 

perspectives on how urban aquaculture is currently governed 

and what planning mechanisms would be necessary for its safe 

and investable growth within county systems. Participants 

were selected purposively based on their institutional roles 

and operational responsibilities related to aquaculture plan-

ning, regulation, infrastructure, or enterprise development, 

and snowball referral was used to identify additional respond-

ents with specialised knowledge [17, 23]. Informants were 

drawn from county fisheries and aquaculture extension de-

partments, county physical planning and land-use planning 

units, environment offices and NEMA-linked regulatory func-

tions, public health departments responsible for food safety 

inspection, and water and sanitation utilities involved in water 

supply and wastewater management. In addition, interviews 

included aquaculture entrepreneurs operating tank-based sys-

tems, RAS prototypes, aquaponics units, and peri-urban pond 

clusters, as well as actors from universities, TVET institutions, 

NGOs, and private sector agencies supporting enterprise de-

velopment. 

Interviews were guided by a semi-structured schedule de-

signed to ensure thematic consistency while allowing flexibility 

to explore city-specific governance issues [24]. Interview dis-

cussions focused on institutional mandates and coordination 

pathways, land access and siting challenges, the clarity or frag-

mentation of licensing processes, water sourcing constraints 

and effluent governance, food safety and biosecurity concerns, 

infrastructure and market bottlenecks, and feasible planning in-

terventions for integrating aquaculture into county spatial plans. 

Interviews were conducted in English and Kiswahili depending 

on respondent preference, and where consent was provided, au-

dio recording was used to enable accurate transcription. Field 

notes were also taken to capture contextual observations and 

strengthen interpretive validity [25, 26]. 

2.6. Data Analysis and Framework 

Development 

Data analysis followed a thematic synthesis approach, inte-

grating evidence from documents and interviews to support 

framework development. Interview recordings were tran-

scribed verbatim and analysed together with relevant docu-

ment extracts using thematic analysis procedures that com-

bined deductive and inductive coding [27, 28]. Deductive 

codes were generated from planning and governance domains 

central to aquaculture integration, including zoning and land 

use, water and effluent governance, food safety regulation, en-

vironmental compliance, and enterprise enabling systems. In-

ductive codes were developed from recurring themes emerg-

ing in stakeholder narratives, including institutional fragmen-

tation, compliance burdens, political and resource constraints, 

perceived risk profiles in different urban contexts, and inno-

vation opportunities for sustainable intensification [22, 27]. 

The coding process progressed through iterative familiarisa-

tion, coding, category refinement, and cross-case comparison 

across the selected cities [22]. Findings were then translated 

into a structured Urban Aquaculture Spatial Planning Frame-

work through synthesis that linked identified constraints and 

opportunities to county planning instruments and implemen-

tation pathways, consistent with qualitative framework devel-

opment procedures used in policy and systems research [29, 

30]. 

2.7. Trustworthiness and Rigour 

Methodological rigour was strengthened through triangula-

tion, cross-case comparison, and systematic documentation of 

analytic steps. Triangulation was achieved by comparing evi-

dence from official planning documents with stakeholder nar-

ratives from multiple institutions, thereby strengthening cred-

ibility and reducing reliance on single-source interpretation 
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[16, 17]. Transferability was enhanced through detailed con-

textualisation of Kenya’s devolved planning environment and 

urban case characteristics, allowing insights to inform compa-

rable county settings [31]. Dependability was supported 

through consistent application of the extraction matrix and a 

documented coding framework, ensuring transparency in an-

alytical procedures [28]. Confirmability was strengthened 

through reflexive memo-writing during analysis and the inclu-

sion of role-based participant identifiers, enabling interpreta-

tion to be grounded in the data rather than researcher assump-

tions [31]. 

2.8. Ethical Considerations 

Ethical procedures were observed throughout the study to 

protect participants and ensure responsible handling of quali-

tative evidence. Institutional and county-level authorisations 

were sought where required, and all respondents provided in-

formed consent prior to participation. Participation was vol-

untary and respondents retained the right to withdraw at any 

stage. To protect confidentiality, personal identifiers were re-

moved from transcripts and reporting, and participants were 

anonymised using role-based codes such as county planner, 

fisheries officer, or public health officer. Audio files, tran-

scripts and coded datasets were stored securely with restricted 

access, and all reporting adhered to standard ethical principles 

for qualitative social research, including confidentiality and 

non-maleficence [32, 33]. 

3. Results 

3.1. Overview of Evidence Sources 

The results presented in this section are based on evidence 

from two complementary sources: document analysis and key 

informant interviews (KIIs). The document review examined 

national and county planning instruments relevant to aquacul-

ture, urban food systems, land-use governance, and public 

health regulation. The KIIs captured perspectives from fisher-

ies departments, physical planning and land administration of-

fices, environmental regulatory functions, public health, water 

and sanitation utilities, enterprise development agencies, and 

urban aquaculture operators. Evidence triangulation demon-

strated strong convergence between documentary evidence 

and stakeholder narratives, particularly with respect to the 

limited visibility of urban aquaculture in county planning 

frameworks, unclear licensing pathways, water access con-

straints, weak institutional coordination, and limited invest-

ment/infrastructure planning. These findings provided the ba-

sis for synthesising an early framework and implementation 

roadmap for mainstreaming urban aquaculture into county 

spatial planning. 

3.2. Document Review Findings: Visibility of 

Urban Aquaculture in Planning 

Instruments 

Document analysis indicated that aquaculture is widely rec-

ognised in Kenya’s development discourse as an emerging 

food security and livelihood activity, yet it is rarely framed 

explicitly as an urban land use requiring spatial allocation and 

governance controls. Across the reviewed instruments, aqua-

culture commonly appeared in sectoral planning language par-

ticularly within agriculture or blue economy framing through 

commitments to increase production, expand training, or sup-

port youth enterprises. However, explicit planning provisions 

were weak. County planning documents rarely articulated 

zoning guidance, siting restrictions, or enforcement pathways 

tailored to urban aquaculture, despite increasing evidence that 

urban systems (tanks, RAS and aquaponics) require structured 

governance due to limited space and proximity to residential 

settlements. 

The most consistent pattern across documents was therefore 

a policy–planning disconnect: aquaculture is promoted as an 

economic activity, but planning instruments provide limited 

operational guidance on where it should occur and how county 

authorities should regulate water use, effluent discharge, food 

safety, and nuisance concerns. The absence of explicit plan-

ning provisions suggests that urban aquaculture growth is 

likely to continue through semi-formal and informal pathways, 

particularly in high-demand cities where entrepreneurship 

rapidly responds to market opportunities. 

Table 1 summarises the categories of documents reviewed 

and highlights how different planning instruments currently 

address (or omit) the spatial governance requirements relevant 

to urban aquaculture. 

Table 1. Planning instruments reviewed and their treatment of urban aquaculture integration in Kenya. 

Document category Typical examples Main planning relevance Evidence pattern for urban aquaculture 

National 

aquaculture/fisheries 

strategies 

Fisheries/Aquaculture 

strategies 

Sets sector priorities; 

capacity building 

Strong production focus; limited spatial 

planning mechanisms 
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Document category Typical examples Main planning relevance Evidence pattern for urban aquaculture 

County Integrated Develop-

ment Plans (CIDPs) 
CIDPs (selected counties) 

Investment priorities; 

budgeting 

Aquaculture mentioned but weak urban in-

tegration and zoning 

County spatial plans / urban 

plans 

County spatial plans; inte-

grated urban development 

plans 

Land-use allocation; zon-

ing 

Rare explicit aquaculture provisions; aqua-

culture largely absent 

Environmental instruments 
EIA/EA guidelines; compli-

ance instruments 

Risk screening and safe-

guards 

Environmental provisions exist but not tai-

lored to urban aquaculture 

Public health/food safety in-

struments 

Food safety/inspection guid-

ance 
Licensing and inspection 

Weak linkage to aquaculture siting and cer-

tification in cities 

 

3.3. Cross-City Results: Urban Aquaculture 

Pathways, Constraints and Opportunities 

Stakeholder evidence confirmed that urban aquaculture is 

already expanding across Kenya’s major cities, predominantly 

through tank-based production systems, emerging RAS proto-

types, and aquaponics initiatives. Respondents frequently 

noted that this expansion is driven by strong urban market de-

mand and increasing pressure to diversify livelihood pathways. 

However, growth was described as occurring “ahead of plan-

ning”, meaning enterprises are often established in ways that 

are not formally guided by spatial zoning or harmonised com-

pliance systems. 

A strong cross-case finding was that Kenyan cities exhibit 

different urban aquaculture opportunities and constraint pro-

files. In Nairobi and the Kiambu urban corridor, urban aqua-

culture is strongly market-driven and innovation-oriented but 

constrained by land scarcity, high water costs, and complex 

compliance pathways. Kisumu was consistently described as 

offering high potential due to the Lake Victoria interface and 

established fish value chains, but stakeholders highlighted 

lake pollution risks and unclear governance of lake-adjacent 

aquaculture spaces. Mombasa’s prospects were framed 

around high fish demand and tourism markets but were lim-

ited primarily by freshwater availability and energy costs, 

therefore favouring water-smart high-efficiency systems. Na-

kuru and Eldoret were widely viewed as suitable for peri-ur-

ban clustered systems due to better land availability and lower 

residential conflict, though planning visibility remained weak 

and investment support was viewed as underdeveloped. 

Table 2. presents the cross-city synthesis of dominant aquaculture pathways, core planning constraints, and enabling conditions based on 

triangulated interview and document evidence. 

City/corridor Dominant aquaculture pathway Main planning constraint Key enabling condition/opportunity 

Nairobi Tanks, RAS, rooftop/aquaponics 
Land scarcity; high water cost; 

fragmented compliance 

Large demand; innovation ecosystem; 

institutional markets 

Kiambu corridor 

(Thika/Ruiru) 
Commercial RAS/tanks 

Pollution hotspots; zoning con-

flicts 

High investment potential; proximity to 

Nairobi 

Kisumu 
Tanks, peri-urban ponds, con-

trolled cages 

Lake pollution risk; unclear lake-

interface governance 

Strong fish culture and value chain; 

market stability 

Mombasa RAS/tanks; aquaponics 
Freshwater scarcity; energy cost 

constraints 

Tourism market; strong demand for 

quality fish 

Nakuru Peri-urban pond clusters; tanks 
Environmental sensitivity; en-

forcement limitations 

Expanding market; peri-urban land 

availability 

Eldoret 
Institutional pilots; peri-urban clus-

ters 

Low planning visibility; weak in-

vestment structuring 

Youth enterprise base; strong learning 

and training institutions 
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3.4. Institutional and Regulatory Results: 

Fragmentation and Unclear Compliance 

Pathways 

Institutional fragmentation emerged as one of the most con-

sistent constraints shaping the governance of urban aquacul-

ture. Although fisheries departments are formally mandated to 

guide aquaculture development, establishment and operation 

of enterprises involve multiple agencies and departments, in-

cluding physical planning (land use and siting), public health 

(food inspection and sanitation), environment (effluent con-

trol and EIA/EA compliance), and water utilities (water sourc-

ing and wastewater management). Stakeholders described this 

as a fragmented compliance environment in which aquacul-

ture enterprises navigate multiple offices without a clear pro-

cedural sequence or a single integrated licensing window. 

This fragmentation was repeatedly linked to informal siting 

decisions, inconsistent enforcement, and reduced investor 

confidence. 

The document review supported these observations, 

demonstrating that while counties often acknowledge food se-

curity goals, planning instruments rarely define operational 

coordination mechanisms linking fisheries to county planning. 

Spatial plans were particularly weak in specifying aquaculture 

land-use categories, siting restrictions, and enforcement refer-

ences. Stakeholders further noted that this regulatory ambigu-

ity intensifies conflict when nuisance concerns arise, because 

authorities lack explicit planning benchmarks to guide dispute 

resolution and compliance enforcement. 

Table 3. summarises the dominant institutional governance gaps and the integration mechanisms proposed by stakeholders across the selected 

cities. 

Governance gap identified 
Evidence from interviews/docu-

ments 
Planning implication Stakeholder-proposed solution 

Aquaculture absent in zoning 

and land-use categories 
Spatial plans/CIDPs weak or silent 

Informal siting; land 

conflict; nuisance disputes 

Create explicit aquaculture land-

use category and zones 

Fragmented licensing and per-

mitting pathway 
Multiple offices; unclear sequence 

Compliance burden; enter-

prise informality 

One-stop licensing mechanism 

(inter-departmental) 

Weak aquaculture-specific ef-

fluent controls 
Limited tailored guidelines 

Pollution risk; reputational 

damage 

County effluent and waste 

guideline for aquaculture 

Food safety oversight not 

linked to aquaculture systems 
Minimal public health integration Consumer safety concerns 

Inspection protocols, certifica-

tion, traceability pathways 

Poor infrastructure and value 

chain planning 
CIDPs focus on training only 

Low profitability; unstable 

scaling 

Market hubs, cold chain, hatch-

ery/feed nodes 

 

3.5. Evidence-to-Framework Synthesis: 

Development Domains for Spatial 

Integration 

Results synthesis revealed that planning deficits cluster 

around a consistent set of domains that can be operationalised 

as a county-level integration framework. These domains in-

clude (i) recognition of aquaculture as an urban land use, (ii) 

zoning and risk-sensitive siting controls, (iii) water sourcing 

governance and effluent management, (iv) food safety and bi-

osecurity regulation, (v) market and infrastructure planning, 

and (vi) enterprise enabling mechanisms including training 

and finance. These findings were used to develop a structured 

Urban Aquaculture Spatial Planning Framework and a county 

implementation roadmap. The evidence-to-framework path-

way is summarised in Figure 1, which shows how document 

gaps and stakeholder perspectives were integrated to produce 

planning pillars and early recommendations. 
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Figure 1. Evidence synthesis pathway for framework development. (Document review → planning gaps → KIIs → institutional constraints/op-

portunities → synthesis → framework pillars + implementation roadmap). 

3.6. Early Implementation Roadmap for 

Counties: Priority Actions and Planning 

Instruments 

Stakeholders consistently emphasised that counties do not 

require complete technical reinvention to begin mainstream-

ing urban aquaculture; rather, the most urgent step is to inte-

grate aquaculture into existing planning instruments using 

practical guidance and coordinated implementation mecha-

nisms. Evidence suggested that early mainstreaming actions 

should focus on creating institutional coordination platforms, 

developing county aquaculture siting and licensing guidelines, 

piloting demonstration systems, and embedding zoning provi-

sions into county spatial plans. These actions align with the 

logic that urban aquaculture requires predictable governance 

rules in order to attract investment, assure public health com-

pliance, and avoid land-use conflicts. 

Table 4 outlines the proposed phased implementation 

roadmap, specifying priority actions, responsible county units, 

and the planning instruments through which implementation 

can be institutionalised. 

Table 4. Evidence-based implementation roadmap for integrating urban aquaculture into county spatial planning. 

Time horizon Priority action Responsible county units Planning instrument/output 

0–2 years 
Establish Urban Aquaculture 

Taskforce 

Fisheries, Physical Planning, Public 

Health, Environment, Water 

Inter-departmental committee and 

terms of reference 

0–2 years 
Develop siting, licensing and compli-

ance guideline 

Fisheries + Planning + Environ-

ment/Public Health 

County guideline/by-law for urban 

aquaculture 

0–2 years 
Pilot demonstration units in priority 

cities 

Fisheries + TVETs/Universities + 

Enterprise units 

Demonstration farms and training 

curriculum 

3–5 years 
Integrate aquaculture zoning into 

County Spatial Plans 
Physical planning department 

Updated zoning maps and land-

use categories 

3–5 years 
Establish market hubs and inspection 

routes 
Trade + Public Health + Fisheries 

Aquaculture market nodes and in-

spection schedule 

5+ years 
Develop traceability and compliance 

dashboard 

County ICT + Fisheries + Public 

health 

Digital monitoring platform for 

compliance and markets 

 

3.7. Proposed Urban Aquaculture Spatial 

Planning Framework for Kenya 

The integrated evidence base supported development of a 

conceptual planning framework designed to guide counties in 

mainstreaming urban aquaculture into spatial and develop-

ment planning instruments. The proposed framework organ-

ises integration into six planning pillars: policy recognition 

and coordination, zoning and land-use mainstreaming, water 
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and effluent governance, food safety and biosecurity regula-

tion, value chain and infrastructure planning, and enterprise 

enabling systems. This framework is presented in Figure 2. 

 
Figure 2. Proposed Urban Aquaculture Spatial Planning Framework for Kenya. (Six pillars and supporting county instruments: CIDP, County 

Spatial Plan, by-laws/guidelines, monitoring indicators). 

4. Discussion 

4.1. Interpretation of the Evidence Base and 

Significance of Findings 

This study set out to develop an evidence-based framework 

for integrating urban aquaculture into county spatial planning 

in Kenya, drawing on document review and stakeholder evi-

dence. The triangulated results (Section 3.1) show strong con-

vergence between formal planning instruments and institu-

tional experiences, indicating that the most critical constraint 

to sustainable urban aquaculture development is not merely 

technical production capacity but the absence of an enabling 

spatial governance architecture. Document analysis demon-

strated that aquaculture is increasingly framed in Kenya as a 

livelihood and food security sector, yet its treatment remains 

largely “sectoral” rather than “spatial” (Section 3.2). This is 

consistent with broader urban food systems scholarship, 

which finds that agriculture and food production in cities often 

expands faster than governance systems can accommodate, re-

sulting in informality, uneven enforcement, and heightened 

public health and environmental risks [3, 4, 34]. 

A key implication is that Kenyan counties may continue 

to invest in training and production inputs but still fail to 

scale sustainable urban aquaculture if spatial planning pro-

visions are not clarified. In this respect, the policy–planning 

disconnect observed in county instruments aligns with inter-

national evidence showing that aquaculture development in 

densely populated areas requires zoning, site selection gov-

ernance, and coordinated area management to reduce land-

use conflict and strengthen compliance [7, 8, 35]. The results 

therefore reposition urban aquaculture from being a fisher-

ies-only concern to a governance and spatial planning prior-

ity [36]. 

4.2. Urban Aquaculture as a Spatial Planning 

Issue Rather than a Sectoral Production 

Issue 

The document review results (Table 1) reveal that most 

planning instruments acknowledge aquaculture mainly 

through production-oriented goals, such as increasing fish 

farming uptake, supporting youth enterprise, or strengthening 

extension services. However, county spatial plans and urban 

plans rarely define aquaculture as a legitimate urban land use 

or provide zoning categories for it. This finding strongly sup-

ports the argument that aquaculture planning requires main-

streaming into spatial development instruments rather than re-

maining embedded only in fisheries strategies [36]. 

International practice increasingly frames the sustainabil-

ity of aquaculture in terms of its integration into land and 

water governance systems, particularly through the ecosys-

tem approach to aquaculture. Under this approach, aquacul-

ture development is planned within broader ecosystem, wa-

tershed, and land-use contexts to balance production goals 

with environmental protection and social acceptability [8, 

35]. The absence of spatial planning visibility noted in 
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Kenya therefore creates a governance vacuum in which ur-

ban aquaculture enterprises develop in semi-formal path-

ways. Similar patterns have been observed in several devel-

oping-country urban contexts where lack of zoning and ten-

ure clarity increases exposure to disputes and reduces invest-

ment confidence [1, 34]. 

In Kenya, this planning gap is most consequential in metro-

politan settings such as Nairobi and the Kiambu corridor 

where land is highly contested and the compliance environ-

ment is complex. Without a clear urban planning identity, aq-

uaculture risks being treated as an “informal backyard activity” 

rather than a legitimate micro-enterprise sector worthy of 

structured regulation and investment facilitation. As a result, 

spatial planning can be seen as a prerequisite for shifting urban 

aquaculture from opportunistic emergence to systematic de-

velopment [37]. 

4.3. Cross-City Differences and the Need for 

Context-Sensitive Planning Models 

The cross-city synthesis (Table 2) underscores that urban 

aquaculture cannot be governed through a one-size-fits-all 

model. Cities differ in land availability, water supply reliabil-

ity, pollution exposure, energy costs, market demand profiles, 

and institutional enforcement capacity. These differences 

shape both the dominant aquaculture pathways and the gov-

ernance risks involved. 

In Nairobi and the Kiambu corridor, aquaculture is shaped 

by urban densification, rising middle-class demand, and entre-

preneurial innovation, supporting growth of tank-based and 

RAS systems. However, water cost and land scarcity create 

high operational barriers, suggesting that counties must ex-

plicitly support water-efficient systems and define investment 

zones rather than allowing dispersed siting. In Kisumu, the 

Lake Victoria interface offers strong value chain advantage, 

yet stakeholder concerns around pollution risk and govern-

ance at the lake–urban boundary highlight the importance of 

risk-sensitive siting and environmental monitoring. These dy-

namics reflect international research that links aquaculture 

sustainability to spatial risk assessment, including pollution 

exposure and cumulative impacts within aquatic ecosystems 

[7, 35]. 

Coastal cities such as Mombasa face additional constraints 

due to freshwater scarcity and high energy costs, implying that 

planning frameworks should emphasise recirculating and aq-

uaponics models with integrated water-saving and effluent 

control. In secondary cities such as Nakuru and Eldoret, stake-

holders viewed peri-urban clusters as more feasible, reflecting 

the availability of land and lower residential conflicts. This 

suggests that counties need dual planning categories, combin-

ing “urban enterprise systems” in dense zones with “peri-ur-

ban cluster development” in transitional urban fringes. These 

findings closely align with the urban agriculture literature 

which argues that spatial integration must consider the gradi-

ent from dense urban core to peri-urban production landscapes 

[2, 4, 34]. 

4.4. Institutional Fragmentation and 

Compliance Burden as Drivers of 

Informality 

Institutional fragmentation emerged as a dominant govern-

ance constraint (Section 3.4; Table 3). Although fisheries de-

partments are formally mandated to guide aquaculture devel-

opment, establishment and operation of enterprises involve 

multiple agencies and departments, including physical plan-

ning (land use and siting), public health (food inspection and 

sanitation), environment (effluent control and EIA/EA com-

pliance), and water services. This produces a fragmented com-

pliance environment where entrepreneurs must navigate mul-

tiple offices without clarity on sequence or requirements. Such 

fragmentation is widely recognised in governance scholarship 

as a barrier to implementation, often producing inconsistent 

enforcement and incentivising informality [16, 17, 39, 40]. 

More importantly, the results imply that Kenya’s challenge 

is not a lack of regulation per se but the absence of integrated 

regulatory pathways that recognise urban aquaculture as in-

herently cross-sectoral. The “orphan responsibility” problem 

described by stakeholders echoes experiences in other coun-

tries where aquaculture expansion outpaced institutional coor-

dination, leading to disputes over effluent management, siting, 

and nuisance concerns. Within urban settings, fragmented 

compliance systems can also undermine public trust, particu-

larly where food safety and environmental concerns are polit-

ically sensitive [41]. 

The institutional gap is magnified by the limited linkage be-

tween fisheries planning and spatial planning departments. 

Spatial plans seldom provide clear land-use categories or sit-

ing references for aquaculture, which weakens the authority 

of regulators to manage conflicts consistently. In this context, 

creating a one-stop licensing mechanism, as proposed in Table 

3, becomes not only an administrative reform but also a plan-

ning intervention that enhances predictability, reduces com-

pliance burden, and supports enterprise legitimacy [41]. 

4.5. Water Governance, Effluent Management, 

and Urban Public Health Safeguards 

Across interviews, water access constraints and effluent 

governance were consistently identified as major determinants 

of feasibility and risk. In dense cities, aquaculture competes 

for water with domestic and industrial uses, and water pricing 

influences profitability. Effluent management also becomes a 

public health concern, given the potential for nutrient loading 

and microbial contamination where wastewater systems are 

strained. International public health guidance emphasises that 

wastewater exposure pathways in food production systems re-

quire explicit risk controls, monitoring, and clear standards 

[42]. 

International evidence suggests that water governance is 
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central to sustainability of urban aquaculture systems. High-

efficiency technologies such as RAS and aquaponics are often 

adopted in land- and water-constrained cities specifically be-

cause they minimise water use and enable waste recycling [9, 

10]. However, even these systems require planned governance, 

including standards for discharge, biosecurity, and monitoring. 

Without spatial planning integration, enterprises may be es-

tablished in inappropriate locations, including near polluted 

waterways or within sensitive riparian buffers. This reinforces 

the need for counties to provide clear siting restrictions and 

wastewater governance guidelines as part of aquaculture 

mainstreaming [35, 42]. 

Food safety and biosecurity concerns are equally central. 

Urban aquaculture can face reputational damage if fish quality 

is questioned, especially where systems operate near industrial 

pollution corridors. Thus, linking aquaculture licensing with 

public health inspection protocols and certification systems is 

critical for long-term market trust. These findings align with 

the broader literature on urban food production risks, where 

food safety compliance is necessary for scaling beyond house-

hold-level consumption [3, 34, 42]. 

4.6. Implications of the Evidence-to-Framework 

Pathway and Implementation Logic 

The evidence-to-framework pathway (Figure 1) clarifies 

that the proposed framework is not purely conceptual but 

grounded in synthesis of documentary omissions and stake-

holder-identified bottlenecks. The results indicate that coun-

ties already possess planning instruments capable of sup-

porting integration—particularly CIDPs, county spatial 

plans, and urban by-laws—but these instruments require ex-

plicit recognition of aquaculture as a land use and enterprise 

category [36]. International planning practice emphasises 

that urban and territorial planning guidelines are central to 

coordinating land use, infrastructure provision, environmen-

tal safeguards, and economic activities in rapidly urbanising 

contexts [38]. 

The phased roadmap (Table 4) operationalises this logic 

by emphasising “early integration actions” rather than wait-

ing for complete policy overhaul. Stakeholders suggested 

that counties can begin mainstreaming through inter-depart-

mental taskforces and guidelines, followed by zoning incor-

poration and infrastructure planning over a medium-term 

horizon. Such staged implementation aligns with planning 

practice in other domains where pilot interventions and 

guideline development precede full institutionalisation into 

spatial plans [36]. 

In this respect, the Urban Aquaculture Spatial Planning 

Framework (Figure 2) offers a structured policy tool organised 

around six pillars. Its central value lies in linking planning in-

struments to practical governance requirements, including 

zoning and siting controls, compliance pathways, food safety 

oversight, and value chain planning. This directly addresses 

the policy–planning disconnect identified in Section 3.2 and 

provides counties with actionable steps for systematic integra-

tion [35, 36]. 

4.7. Towards Mainstreaming: Positioning 

Aquaculture Within County Planning 

Instruments 

A major contribution of this study is its explicit positioning 

of urban aquaculture within county planning and governance 

instruments. In Kenya, CIDPs often define sector priorities 

and budgets but do not specify spatial allocation mechanisms. 

County spatial plans define land-use categories but rarely cap-

ture aquaculture in urban sections. By linking CIDPs and spa-

tial plans as complementary instruments, the proposed frame-

work encourages counties to align investment priorities (CIDP) 

with spatial legitimacy (zoning), thereby enabling predictable 

investment and regulation [36]. 

Mainstreaming therefore requires counties to establish aq-

uaculture enterprise zones, define peri-urban cluster develop-

ment areas, and establish restricted zones based on pollution 

risk, wetlands protection, and riparian safeguards. The cross-

city patterns (Table 2) suggest that this zoning approach must 

be context-sensitive, recognising Nairobi’s land pressure, Ki-

sumu’s lake-interface risks, Mombasa’s freshwater scarcity, 

and the cluster suitability of Nakuru and Eldoret. When such 

planning provisions are absent, aquaculture remains vulnera-

ble to land conflict and inconsistent enforcement, limiting its 

contribution to sustainable urban food systems [35, 36]. 

5. Conclusions and Recommendations 

5.1. Conclusions 

Based on triangulated evidence from policy documents 

and stakeholder interviews, the study draws five main con-

clusions. First, urban aquaculture in Kenya is expanding in 

major cities, largely through tank-based systems and emerg-

ing RAS/aquaponics initiatives, but growth is occurring 

ahead of formal planning. Second, document review results 

show a persistent policy–planning disconnect: aquaculture is 

promoted in development discourse, yet county planning in-

struments rarely recognise it as an urban land use requiring 

zoning, siting guidance, and structured compliance pathways. 

Third, cross-city synthesis confirms that planning needs are 

context-specific, shaped by differences in land availability, 

water access, pollution risks, market demand, and infrastruc-

ture capacity. Fourth, institutional fragmentation across fish-

eries, planning, public health, environment, and water ser-

vices creates compliance burdens and reinforces informality, 

limiting investment confidence and enforcement consistency. 

Fifth, evidence synthesis supports a structured Urban Aqua-

culture Spatial Planning Framework and phased implemen-

tation roadmap that can enable counties to mainstream aqua-
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culture within existing planning instruments, thereby im-

proving legitimacy, safety, and investment readiness of ur-

ban aquaculture enterprises. 

5.2. Recommendations 

Recommendations are organised into policy, planning, gov-

ernance, and investment actions aligned with the framework 

pillars and the phased roadmap (Table 4). Counties should 

begin by formally recognising urban aquaculture as a legiti-

mate land-use and enterprise category within county spatial 

planning systems, supported through explicit zoning provi-

sions in county spatial plans and integrated urban plans. Coun-

ties should establish inter-departmental Urban Aquaculture 

Taskforces involving fisheries, physical planning, public 

health, environment, and water utilities to harmonise licensing 

and compliance procedures, thereby creating a one-stop insti-

tutional pathway for enterprise establishment and inspection. 

To reduce land-use conflicts and improve safety, counties 

should develop practical siting guidelines specifying aquacul-

ture enterprise zones, peri-urban clusters, and restricted zones 

based on riparian buffers, wetlands sensitivity, and pollution 

risk corridors. Water governance should be strengthened 

through clear guidance on water sourcing, minimum water ef-

ficiency requirements for dense urban settings, and effluent 

management standards tailored to aquaculture systems. Coun-

ties should integrate food safety inspection and certification 

into public health systems, including traceability pathways for 

urban aquaculture products to enhance consumer trust and 

market competitiveness. 

Investment and market recommendations should prioritise 

establishment of aquaculture market hubs, inspection routes, 

and cold chain infrastructure in high-demand cities to stabilise 

profitability and improve food safety compliance. Counties 

should also partner with universities, TVETs, and the private 

sector to pilot demonstration farms for RAS and aquaponics, 

providing technical training and enterprise incubation for 

youth groups. Over the medium-to-long term, counties should 

develop digital monitoring tools for compliance, traceability, 

and market information, and integrate urban aquaculture into 

broader circular economy strategies including waste-to-feed 

innovations and nutrient recovery. 

5.3. Implications for Planning Practice and 

Policy 

The framework developed in this study offers counties a 

structured approach to integrating urban aquaculture into spa-

tial planning, enabling a shift from ad hoc enterprise emer-

gence to planned and investable development. If adopted, the 

framework can support policy coherence, reduce regulatory 

ambiguity, and improve public health and environmental safe-

guards. In the broader context of rapid urbanisation and 

changing food demand, mainstreaming urban aquaculture into 

county planning systems provides a practical pathway for 

building resilient city food systems while supporting inclusive 

livelihoods and innovation. 

5.4. Recommendations for Future Research 

Future studies should complement this governance-focused 

framework with spatial analysis to identify suitability zones 

for urban and peri-urban aquaculture in selected Kenyan cities. 

Further research is also needed to quantify water use effi-

ciency, energy requirements, and profitability of urban RAS 

and aquaponics systems under Kenyan conditions, including 

cost–benefit comparisons with peri-urban pond clusters. Ad-

ditional interdisciplinary work should examine public percep-

tion of urban aquaculture, consumer trust and willingness to 

pay for certified urban aquaculture products, and the effective-

ness of integrated licensing models in reducing informality. 

Finally, there is need for applied research on circular economy 

innovations, including use of organic waste streams for feed 

production and nutrient recycling strategies that could en-

hance sustainability of urban aquaculture within Kenyan cities. 
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