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Abstract 

Rapid urbanization, climate change, population growth, and increasing pressure on conventional 

agricultural systems have intensified concerns regarding urban food security and household food 

resilience across the world. Urban Rooftop Farming (URF) has emerged as an innovative and 

sustainable agricultural approach capable of enhancing local food production while improving 

environmental quality and urban resilience. Rooftop farming utilizes unused building spaces to 

cultivate vegetables, fruits, herbs, and other crops through soil-based cultivation, hydroponics, 

vertical farming, and container gardening systems. Beyond food production, rooftop agriculture 

contributes to climate adaptation by reducing urban heat island effects, improving rainwater 

management, increasing biodiversity, and lowering carbon emissions. Simultaneously, household 

food resilience has gained global attention as an essential strategy for ensuring continuous access to 

nutritious, affordable, and safe food during economic instability, natural disasters, pandemics, and 

supply-chain disruptions. Integrating rooftop farming into urban planning offers a practical solution 

for strengthening food availability, accessibility, nutritional diversity, and community resilience. 

This review critically examines the contribution of urban rooftop farming to household food resilience 

by synthesizing findings from contemporary scientific literature, international reports, and policy 

documents. The study evaluates different rooftop farming technologies, sustainability benefits, 

socioeconomic impacts, environmental contributions, and policy interventions supporting urban 

agriculture. A systematic comparative review methodology was adopted to analyze peer-reviewed 

articles, institutional publications, and international reports published between 2020 and 2026. The 

collected evidence was evaluated using thematic analysis and comparative assessment techniques to 

identify emerging trends, research gaps, and future opportunities. 

The review demonstrates that rooftop farming significantly enhances household food resilience by 

increasing local food production, improving nutritional security, reducing food transportation 

dependence, strengthening climate resilience, and promoting sustainable urban development. 

However, challenges including limited technical knowledge, initial investment costs, structural 

constraints, water availability, and policy limitations continue to restrict widespread adoption. The 

study concludes that integrating rooftop farming into urban planning, sustainability policies, and 

community development programmes can substantially improve resilient food systems while 

supporting healthier, greener, and more sustainable cities. 

Keywords: Urban Rooftop Farming; Household Food Resilience; Urban Agriculture; Food Security; 

Sustainable Cities; Climate Resilience; Green Infrastructure; Urban Sustainability; Smart 

Agriculture; Sustainable Development Goals. 

 

INTRODUCTION 

Urbanization has become one of the defining 

global transformations of the twenty-first 

century, fundamentally reshaping patterns of 

human settlement, food production, and 

environmental sustainability. Rapid population 

growth in cities has increased demand for 

food, water, housing, and infrastructure while 

simultaneously reducing cultivable land. 

Consequently, urban food systems have 

become increasingly dependent on external 

supply chains, making cities more vulnerable 

to climate change, pandemics, geopolitical 

conflicts, and economic disruptions. These 

challenges have intensified the need for 

innovative and sustainable food production 

systems capable of strengthening household 

food resilience. 

Urban Rooftop Farming (URF) has emerged as 

a promising nature-based solution by 

converting underutilized rooftop spaces into 

productive agricultural areas. Unlike 

conventional farming, rooftop agriculture 

utilizes existing urban infrastructure to 
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cultivate vegetables, fruits, herbs, and 

medicinal plants through soil-based 

cultivation, hydroponics, aquaponics, 

container gardening, and vertical farming. 

Besides improving local food production, 

rooftop farming contributes to environmental 

sustainability by reducing greenhouse gas 

emissions, improving urban biodiversity, 

mitigating urban heat island effects, and 

promoting efficient resource utilization. 

Household food resilience has gained 

considerable importance because it emphasizes 

the ability of families to maintain stable access 

to sufficient, safe, nutritious, and affordable 

food despite disruptions such as climate-

related disasters, inflation, pandemics, and 

supply-chain failures. Rooftop farming 

strengthens food resilience by increasing local 

food availability, reducing dependence on 

external markets, improving dietary diversity, 

and supporting long-term household 

sustainability. Recent technological 

developments, including smart irrigation, 

Internet of Things (IoT), Artificial Intelligence 

(AI), renewable energy systems, and climate-

controlled cultivation, have further enhanced 

the productivity and efficiency of urban 

rooftop farming. 

The effectiveness of Urban Rooftop Farming 

in strengthening household food resilience 

depends upon several interrelated dimensions: 

 Efficient utilization of unused rooftop 

spaces.  

 Adoption of sustainable farming 

technologies.  

 Improvement of food availability and 

accessibility.  

 Enhancement of nutritional diversity and 

food quality.  

 Reduction in household food expenditure.  

 Climate adaptation and environmental 

sustainability.  

 Government policy support and 

institutional collaboration.  

 Community participation and public 

awareness.  

 Integration of smart agriculture and digital 

technologies.  

 Long-term resilience of urban food 

systems.  

Despite its growing recognition, rooftop 

farming continues to face several 

implementation challenges. Structural 

limitations of buildings, high installation costs, 

limited technical expertise, inadequate policy 

support, water management issues, financial 

constraints, and insufficient public awareness 

remain major barriers to large-scale adoption. 

These challenges are particularly significant in 

developing countries where urban food 

insecurity continues to increase despite 

growing interest in sustainable urban 

agriculture. 

Existing literature has extensively examined 

urban agriculture, food security, climate 

resilience, and sustainable cities from 

individual perspectives. However, 

comparatively fewer review studies have 

comprehensively synthesized how rooftop 

farming simultaneously contributes to 

household food resilience, environmental 

sustainability, climate adaptation, resource 

efficiency, and sustainable urban development 

within a unified analytical framework. 

Moreover, limited attention has been devoted 

to comparing rooftop farming technologies, 

evaluating implementation challenges, and 

identifying policy interventions that facilitate 

large-scale adoption. 

Therefore, the present review critically 

evaluates the contribution of Urban Rooftop 

Farming to strengthening Household Food 

Resilience through a systematic synthesis of 

contemporary scientific literature, international 

policy reports, and sustainability frameworks. 

The study examines rooftop farming 

technologies, environmental and 

socioeconomic benefits, implementation 

challenges, policy support mechanisms, and 

future research directions to develop a 

comprehensive understanding of how rooftop 

agriculture can contribute to resilient, 

sustainable, and food-secure cities. The 

findings are expected to assist researchers, 

urban planners, policymakers, environmental 

organizations, and local governments in 

designing evidence-based strategies for 

promoting sustainable urban agriculture and 

strengthening household food resilience. 

STUDY FRAMEWORK 

Urban Rooftop Farming (URF) has 

increasingly attracted the attention of 

researchers, urban planners, environmental 

organizations, and policymakers as an 

innovative strategy capable of simultaneously 

addressing food insecurity, environmental 
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degradation, climate change, and sustainable 

urban development. The growing complexity 

of urban food systems has shifted academic 

discussions beyond conventional food 

production toward integrated approaches that 

strengthen local food resilience while 

improving ecological sustainability. Rooftop 

farming represents one such approach by 

utilizing underexploited urban spaces for 

agricultural production, thereby creating 

multifunctional landscapes that support food 

generation, environmental conservation, and 

community well-being. As cities continue 

expanding vertically rather than horizontally, 

rooftops are emerging as valuable productive 

assets capable of contributing to resilient urban 

food systems without requiring additional 

agricultural land. 

The concept of household food resilience has 

similarly evolved from traditional food 

security frameworks by emphasizing the 

capacity of households to withstand, adapt to, 

and recover from multiple external 

disturbances affecting food availability, 

accessibility, affordability, utilization, and 

nutritional quality. Contemporary urban 

households face increasing exposure to 

climate-related disasters, supply-chain 

interruptions, inflation, pandemics, and 

economic uncertainties that collectively 

threaten stable access to nutritious food. Under 

such circumstances, rooftop farming serves not 

merely as an agricultural practice but as a 

resilience-building strategy capable of 

reducing dependency on external food markets 

while improving local self-sufficiency and 

adaptive capacity. Consequently, 

understanding the relationship between rooftop 

agriculture and household food resilience has 

become increasingly important for designing 

sustainable urban development policies. 

EVIDENCE COLLECTION STRATEGY 

The present study employed a systematic 

qualitative review methodology to 

comprehensively examine the contribution of 

Urban Rooftop Farming toward strengthening 

Household Food Resilience. The review 

synthesized multidisciplinary scientific 

evidence related to urban agriculture, food 

security, environmental sustainability, climate 

resilience, green infrastructure, and sustainable 

urban development. Unlike conventional 

narrative reviews, a systematic review 

provides a transparent, structured, and 

reproducible approach for identifying, 

evaluating, and integrating findings from 

diverse academic sources. This 

methodological framework minimizes 

selection bias while enhancing the reliability 

and scientific credibility of the review. 

The literature search primarily included peer-

reviewed journal articles, review papers, 

conference proceedings, institutional reports, 

and international policy documents published 

between 2020 and 2026. Recent publications 

were prioritized because rooftop farming 

technologies, sustainability policies, and 

resilient food systems have rapidly evolved 

during recent years. Classical publications 

were included only where they provided 

important theoretical foundations for 

understanding urban agriculture and household 

food resilience. 

The evidence collection process was guided by 

the following key considerations: 

 Collection of recent peer-reviewed 

publications (2020–2026).  

 Inclusion of multidisciplinary studies 

related to urban agriculture and food 

resilience.  

 Review of internationally recognized 

scientific databases.  

 Inclusion of reports published by global 

organizations and policy institutions.  

 Selection of studies covering 

environmental, technological, economic, 

and social dimensions.  

 Elimination of duplicate, irrelevant, and 

low-quality publications.  

 Comparative evaluation of scientifically 

validated evidence.  

To ensure comprehensive literature coverage, 

publications were identified from 

internationally recognized databases including 

Scopus, Web of Science, ScienceDirect, 

SpringerLink, Taylor & Francis Online, Wiley 

Online Library, MDPI, Google Scholar, and 

JSTOR. In addition, policy reports published 

by international organizations such as the Food 

and Agriculture Organization (FAO), United 

Nations Human Settlements Programme (UN-

Habitat), United Nations Environment 

Programme (UNEP), World Bank, 

Organisation for Economic Co-operation and 

Development (OECD), and the 

Intergovernmental Panel on Climate Change 



The University Academics: Under the Aegis of Swarn P3 Pvt. Ltd. 

Peer-Reviewed Journal 83 

 
 

 

 
 

Global Insight Journal 
E-ISSN: 3084-0252 | P-ISSN: 3084-0260 

Volume: 05, Issue: 02, Apr-Jun 2025 
 

 

Multidisciplinary Research across 

Science, Technology, Humanities, 

and Social Sciences 

www.globalinsightsjournal.com 

 

(IPCC) were incorporated to provide a broader 

global perspective on sustainable urban 

agriculture and resilient food systems. 

A systematic search strategy was developed 

using carefully selected keywords combined 

with Boolean operators. Frequently used 

search terms included Urban Rooftop Farming, 

Urban Agriculture, Green Roof Agriculture, 

Household Food Resilience, Urban Food 

Security, Climate Resilience, Sustainable 

Cities, Vertical Farming, Hydroponics, Food 

System Sustainability, Green Infrastructure, 

and Nature-Based Solutions. Multiple 

keyword combinations were applied across 

different databases to maximize retrieval of 

relevant publications while minimizing the 

possibility of excluding important scientific 

evidence. 

The selection of publications followed 

predefined inclusion and exclusion criteria to 

maintain consistency throughout the review. 

Studies were included if they directly 

examined rooftop farming, urban agriculture, 

household food resilience, food security, 

environmental sustainability, climate 

adaptation, or sustainable urban planning. 

Conversely, duplicate records, non-English 

publications, opinion articles lacking scientific 

evidence, and studies without methodological 

transparency were excluded from the final 

review. This systematic screening process 

ensured that only high-quality and relevant 

literature contributed to the analytical 

synthesis. 

The selected studies were subsequently 

organized into major analytical themes that 

facilitated systematic comparison and evidence 

synthesis. The thematic analysis primarily 

focused on: 

 Rooftop farming technologies.  

 Household food resilience.  

 Environmental sustainability.  

 Socioeconomic benefits.  

 Technological innovations.  

 Implementation challenges.  

 Policy interventions and governance.  

Comparative analysis enabled the 

identification of common findings, emerging 

research trends, implementation barriers, and 

knowledge gaps across different geographical 

and socioeconomic contexts. This approach 

provided a comprehensive understanding of 

rooftop farming as an integrated strategy 

capable of strengthening resilient urban food 

systems while supporting sustainable city 

development. 

To improve methodological reliability, greater 

emphasis was placed on publications 

appearing in internationally recognized peer-

reviewed journals and reports prepared by 

reputable governmental and international 

organizations. Preference was given to studies 

presenting clear research methodologies, 

evidence-based findings, and scientifically 

validated conclusions. The synthesized 

evidence was finally interpreted within the 

broader framework of sustainable urban 

development, climate adaptation, circular 

economy principles, and resilient food 

systems. Rather than presenting isolated 

summaries of previous studies, the review 

integrates multidisciplinary evidence to 

provide a holistic understanding of how Urban 

Rooftop Farming contributes to strengthening 

Household Food Resilience and supports 

evidence-based policymaking for sustainable 

and climate-resilient cities. 

Accordingly, the study is guided by the 

following objectives: 

Objective 1 

To critically examine the contribution of urban 

rooftop farming toward strengthening 

household food resilience through improved 

food availability, accessibility, nutritional 

security, and sustainable urban agriculture. 

Objective 2 

To evaluate the environmental, economic, 

technological, and policy dimensions 

influencing the successful adoption of urban 

rooftop farming for resilient and sustainable 

cities. 

The achievement of these objectives is 

expected to provide valuable insights for 

researchers, urban planners, municipal 

authorities, environmental organizations, 

policymakers, and community stakeholders 

seeking evidence-based strategies for 

integrating rooftop agriculture into sustainable 

urban development frameworks. By 

combining multidisciplinary knowledge with 

comparative analysis, the review contributes to 

the growing body of literature on resilient food 

systems while identifying practical pathways 

for promoting greener, healthier, and more 

food-secure cities. 



The University Academics: Under the Aegis of Swarn P3 Pvt. Ltd. 

Peer-Reviewed Journal 84 

 
 

 

 
 

Global Insight Journal 
E-ISSN: 3084-0252 | P-ISSN: 3084-0260 

Volume: 05, Issue: 02, Apr-Jun 2025 
 

 

Multidisciplinary Research across 

Science, Technology, Humanities, 

and Social Sciences 

www.globalinsightsjournal.com 

 

Figure 1. Systematic Review Workflow 

Identification of Literature 

            │ 

            ▼ 

Database Search 

(Scopus • WoS • ScienceDirect • Springer • FAO) 

            │ 

            ▼ 

Screening of Publications 

(Removal of Duplicates & Irrelevant Studies) 

            │ 

            ▼ 

Eligibility Assessment 

(Inclusion & Exclusion Criteria) 

            │ 

            ▼ 

Thematic and Comparative Analysis 

            │ 

            ▼ 

Evidence Synthesis 

            │ 

            ▼ 

Findings, Policy Implications & Conclusions 

ANALYTICAL FRAMEWORK 

The analytical framework adopted in the 

present review provides a systematic approach 

for evaluating the multidimensional 

contribution of Urban Rooftop Farming (URF) 

toward strengthening Household Food 

Resilience. Since rooftop farming 

simultaneously influences food production, 

environmental sustainability, climate 

adaptation, economic development, public 

health, and urban planning, evaluating its 

effectiveness through a single perspective 

would provide only a partial understanding. 

Therefore, the present review adopts an 

integrated analytical framework that 

synthesizes evidence from contemporary 

scientific literature and international policy 

reports to examine rooftop farming from 

multiple interconnected dimensions. 

Rather than considering rooftop agriculture 

solely as an agricultural practice, the 

framework recognizes it as a comprehensive 

urban sustainability strategy capable of 

improving ecological balance, household well-

being, and long-term urban resilience. The 

framework enables systematic comparison of 

different studies while identifying common 

findings, implementation barriers, 

sustainability outcomes, and future research 

opportunities. 

The analytical framework primarily evaluates 

the following dimensions: 

 Environmental sustainability and 

ecological conservation.  

 Household food availability and 

nutritional security.  

 Economic viability and household 

financial resilience.  

 Technological innovation and smart 

farming applications.  

 Institutional support and policy 

interventions.  

 Climate adaptation and resilient urban 

development.  

 Long-term sustainability of urban food 

systems.  

From an environmental perspective, rooftop 

farming contributes to reducing urban heat 

island effects, improving biodiversity, 

enhancing stormwater management, lowering 

greenhouse gas emissions, and expanding 

urban green infrastructure. These ecological 

improvements strengthen environmental 

resilience while supporting climate adaptation 

strategies for rapidly growing cities. 

Simultaneously, rooftop agriculture improves 

household food resilience by increasing local 

food production, reducing dependence on 

external food supply chains, and improving 

access to fresh and nutritious food during 
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periods of economic or environmental 

uncertainty. 

Economic sustainability represents another 

essential component of the analytical 

framework. Rooftop farming can reduce 

household food expenditure, create 

supplementary income opportunities, generate 

green employment, and promote local food 

markets. Although advanced cultivation 

systems may require relatively higher initial 

investment, long-term economic benefits 

frequently compensate through continuous 

production, lower transportation costs, and 

improved resource efficiency. Consequently, 

financial feasibility remains an important 

determinant of sustainable rooftop farming 

implementation. 

The framework also recognizes technological 

advancement as a major driving force behind 

modern rooftop agriculture. Recent 

innovations including hydroponics, 

aquaponics, vertical farming, Internet of 

Things (IoT)-based monitoring, automated 

irrigation, renewable energy integration, and 

Artificial Intelligence-assisted crop 

management have significantly improved 

agricultural productivity while minimizing 

water, energy, and land consumption. These 

technologies enhance production efficiency 

and support climate-smart agriculture suitable 

for densely populated metropolitan regions. 

The successful implementation of rooftop 

farming further depends upon several 

institutional and governance-related factors, 

including: 

 Urban planning regulations.  

 Government incentives and financial 

assistance.  

 Technical training and extension services.  

 Public awareness and community 

participation.  

 Building safety standards.  

 Collaboration among public and private 

institutions.  

Effective institutional collaboration enhances 

the long-term viability, scalability, and 

sustainability of rooftop farming initiatives 

while encouraging wider adoption within 

urban development programmes. 

Finally, the analytical framework integrates 

household food resilience as the central 

outcome connecting all preceding dimensions. 

Rather than evaluating food production 

independently, the framework examines how 

environmental sustainability, technological 

innovation, economic viability, and 

institutional support collectively improve food 

availability, accessibility, affordability, 

nutritional quality, adaptive capacity, and 

long-term resilience. This integrated 

perspective provides a comprehensive 

understanding of Urban Rooftop Farming as a 

strategic solution for developing sustainable, 

resilient, and food-secure cities. 

URBAN ROOFTOP FARMING SYSTEMS 

Urban Rooftop Farming (URF) has evolved 

into a diversified and technology-driven 

agricultural practice that enables food 

production within limited urban spaces while 

supporting environmental sustainability and 

resilient city development. Unlike 

conventional agriculture, rooftop farming 

utilizes existing building infrastructure to 

cultivate vegetables, fruits, herbs, and 

medicinal plants using a variety of cultivation 

techniques. The choice of an appropriate 

rooftop farming system depends on several 

factors, including building structure, climatic 

conditions, water availability, financial 

investment, crop selection, and technological 

accessibility. Consequently, different rooftop 

farming approaches have been developed to 

improve productivity while maximizing the 

efficient utilization of urban spaces. 

Traditional soil-based cultivation remains one 

of the most widely adopted rooftop farming 

systems because of its simplicity and 

affordability. Crops are grown in specially 

designed beds or lightweight containers filled 

with natural soil, making this approach 

suitable for households with limited technical 

knowledge. Similarly, container gardening has 

become increasingly popular due to its 

flexibility, portability, and relatively low 

installation cost. These conventional systems 

provide an effective starting point for urban 

households interested in producing fresh 

vegetables while promoting sustainable 

lifestyles. 

The major rooftop farming systems commonly 

adopted in urban areas include: 

 Soil-Based Rooftop Farming – Suitable 

for vegetables, herbs, and seasonal crops 

using natural soil.  
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 Container Gardening – Cultivation 

through pots, grow bags, recycled 

containers, and modular planting systems.  

 Hydroponic Farming – Soil-free 

cultivation using nutrient-rich water 

solutions for higher productivity.  

 Vertical Rooftop Farming – Multi-layer 

cultivation structures designed to 

maximize production within limited space.  

 Smart Rooftop Farming – Integration of 

Artificial Intelligence (AI), Internet of 

Things (IoT), automated irrigation, 

renewable energy, and digital monitoring 

technologies.  

Technological innovation has significantly 

transformed rooftop agriculture by introducing 

advanced cultivation systems capable of 

improving crop productivity while reducing 

water and energy consumption. Hydroponic 

farming enables rapid plant growth through 

nutrient-enriched water solutions, making it 

particularly suitable for metropolitan regions 

with limited land resources. Likewise, vertical 

farming increases production capacity by 

utilizing stacked cultivation structures that 

optimize space efficiency without expanding 

the physical cultivation area. These 

technologies contribute to climate-smart 

agriculture by improving resource utilization 

and minimizing environmental impacts. 

The emergence of smart rooftop agriculture 

represents the latest advancement in urban 

food production. Modern rooftop farms 

increasingly employ IoT sensors, automated 

irrigation systems, climate monitoring devices, 

drone-assisted observation, renewable energy 

technologies, and Artificial Intelligence-based 

crop management to optimize cultivation 

practices. These digital technologies enable 

continuous monitoring of crop health, nutrient 

availability, soil moisture, temperature, and 

environmental conditions, allowing farmers to 

make data-driven decisions that improve 

productivity, reduce operational costs, and 

enhance environmental sustainability. 

The selection of an appropriate rooftop 

farming system is influenced by several 

important factors, including: 

 Structural capacity and safety of buildings.  

 Climatic conditions and environmental 

suitability.  

 Availability of water and irrigation 

facilities.  

 Initial investment and maintenance costs.  

 Household food requirements and crop 

selection.  

 Technical knowledge and access to 

modern technologies.  

 Long-term economic and environmental 

sustainability.  

Although each rooftop farming system 

possesses unique technical characteristics, no 

single approach can be considered universally 

suitable for all urban environments. 

Conventional soil-based and container farming 

remain appropriate for small-scale household 

cultivation because of their affordability and 

ease of management, whereas hydroponic, 

vertical, and smart farming systems provide 

greater productivity and resource efficiency 

for commercial or institutional applications. 

Therefore, selecting an appropriate cultivation 

method requires balancing economic 

feasibility, technological capability, 

environmental sustainability, and household 

food resilience. 

The continuous diversification of rooftop 

farming technologies demonstrates that urban 

agriculture has evolved far beyond traditional 

gardening practices. It has become an 

integrated urban food production system 

capable of supporting climate adaptation, 

resource conservation, nutritional security, and 

sustainable city development. As urban 

populations continue to expand and cultivable 

land becomes increasingly scarce, rooftop 

farming is expected to play an increasingly 

significant role in strengthening resilient 

household food systems and promoting 

greener, healthier, and more sustainable cities. 

HOUSEHOLD FOOD RESILIENCE 

Household Food Resilience has become a 

central concept in modern food system 

research because it extends beyond the 

traditional understanding of food security by 

emphasizing the capacity of households to 

anticipate, adapt to, and recover from 

disruptions affecting food availability, 

accessibility, affordability, and nutritional 

quality. Rapid urbanization, climate change, 

economic instability, pandemics, and supply-

chain disruptions have increased the 

vulnerability of urban households, making 

resilient food systems an essential component 

of sustainable development. In this context, 

Urban Rooftop Farming (URF) has emerged as 
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an effective strategy for strengthening 

household resilience through localized food 

production and improved resource utilization. 

Unlike conventional food security, which 

primarily focuses on ensuring an adequate 

food supply, household food resilience 

emphasizes long-term adaptability and 

preparedness. Rooftop farming enables 

households to reduce dependence on external 

food markets while improving access to fresh 

and nutritious food. By integrating sustainable 

agricultural practices within urban 

environments, rooftop farming enhances the 

capacity of families to maintain food security 

during both normal conditions and unexpected 

crises. 

Household food resilience is primarily 

strengthened through the following 

dimensions: 

 Continuous availability of fresh and 

nutritious food.  

 Improved food accessibility through local 

production.  

 Greater dietary diversity and nutritional 

quality.  

 Reduction in household food expenditure.  

 Enhanced food stability during 

emergencies.  

 Increased adaptive capacity to climate-

related risks.  

 Promotion of environmentally sustainable 

food production.  

 Strengthening of community participation 

and social resilience.  

Among these dimensions, food availability 

represents the foundation of household 

resilience. Rooftop farming increases 

decentralized food production by enabling 

households to cultivate vegetables, fruits, 

herbs, and medicinal plants within their own 

residential spaces. Local production minimizes 

transportation requirements, reduces post-

harvest losses, and provides immediate access 

to fresh produce during periods of market 

shortages or supply-chain disruptions. 

Food accessibility is equally important 

because it determines the ability of households 

to obtain sufficient food despite rising prices, 

inflation, or economic uncertainty. Rooftop 

farming reduces dependence on commercial 

food markets by allowing families to produce 

part of their daily food requirements 

independently. Consequently, household 

expenditure on vegetables and fresh produce 

decreases, improving financial stability and 

supporting overall family welfare. 

The concept of food utilization emphasizes 

nutritional quality, food safety, and healthy 

dietary practices. Home-grown vegetables and 

fruits are generally fresher and retain higher 

nutritional value than products transported 

over long distances. Moreover, households 

maintain greater control over cultivation 

practices, fertilizer application, and pesticide 

use, thereby improving food safety while 

encouraging healthier eating habits. 

Another important dimension is food stability, 

which reflects the ability to maintain 

continuous access to food despite seasonal 

variations, natural disasters, or economic 

disturbances. Rooftop farming strengthens 

food stability by diversifying food sources and 

reducing dependence on centralized food 

distribution systems. This localized production 

improves household preparedness and 

minimizes vulnerability during emergency 

situations. 

The long-term effectiveness of household food 

resilience is influenced by several supporting 

factors, including: 

 Adoption of climate-smart agricultural 

technologies.  

 Efficient water management and rainwater 

harvesting.  

 Government incentives and institutional 

support.  

 Technical knowledge and agricultural 

training.  

 Availability of financial resources.  

 Community awareness and cooperative 

participation.  

 Integration of smart farming technologies.  

 Sustainable urban planning and policy 

implementation.  

Environmental sustainability further enhances 

household food resilience by improving 

ecological balance and reducing climate-

related risks. Rooftop farming contributes to 

lowering greenhouse gas emissions, mitigating 

urban heat island effects, improving 

biodiversity, enhancing rainwater 

management, and expanding green 

infrastructure. These environmental 

improvements not only strengthen urban 

ecosystems but also create healthier living 
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environments that support long-term 

agricultural productivity. 

Socioeconomic resilience is another important 

outcome of rooftop farming. Community-

based rooftop farming initiatives encourage 

knowledge sharing, environmental education, 

local employment opportunities, and stronger 

social cooperation. Such initiatives improve 

social capital while fostering collective 

responsibility toward sustainable food 

production and environmental conservation. 

Consequently, rooftop farming strengthens 

both individual household resilience and the 

resilience of urban communities as a whole. 

Overall, Urban Rooftop Farming should be 

viewed as a comprehensive resilience strategy 

rather than merely an alternative agricultural 

practice. By simultaneously improving food 

availability, accessibility, nutritional security, 

environmental sustainability, economic 

stability, climate adaptation, and community 

participation, rooftop farming provides an 

integrated pathway toward developing resilient 

households and sustainable urban food 

systems. As urban populations continue to 

expand, rooftop agriculture is expected to 

become an increasingly important component 

of future food security and sustainable city 

development. 

COMPARATIVE ASSESSMENT OF 

ROOFTOP FARMING APPROACHES 

Urban Rooftop Farming has evolved into a 

diversified agricultural system that 

incorporates multiple cultivation approaches, 

each offering unique environmental, 

economic, technological, and operational 

advantages. The effectiveness of these systems 

depends on several factors, including climatic 

conditions, building structure, available 

financial resources, crop selection, 

technological accessibility, and household 

objectives. Therefore, selecting an appropriate 

rooftop farming approach requires a 

comprehensive evaluation of productivity, 

sustainability, resource efficiency, and long-

term contribution to household food resilience. 

The comparative assessment of rooftop 

farming technologies enables researchers, 

policymakers, and urban households to 

understand the strengths and limitations of 

different cultivation methods. Such 

comparisons are essential for identifying the 

most suitable farming systems according to 

local environmental conditions and 

socioeconomic requirements while promoting 

sustainable urban agriculture. 

The major rooftop farming approaches can be 

compared as follows: 

 Soil-Based Farming – Simple, affordable, 

and suitable for household vegetable 

cultivation.  

 Container Gardening – Flexible, 

portable, and appropriate for limited 

rooftop spaces.  

 Hydroponic Farming – Soil-free 

cultivation offering higher productivity 

and improved water efficiency.  

 Vertical Farming – Multi-layer 

cultivation system maximizing production 

in limited urban areas.  

 Smart Rooftop Farming – AI, IoT, 

automated irrigation, and precision 

agriculture for intelligent crop 

management.  

Among these approaches, conventional soil-

based rooftop farming remains the most 

accessible because it requires relatively low 

investment and limited technical expertise. It 

is particularly suitable for residential 

households interested in producing vegetables, 

herbs, and medicinal plants using familiar 

cultivation practices. However, higher water 

consumption, increased maintenance, and 

structural loading limitations may reduce its 

suitability for certain urban buildings. 

Container gardening provides greater 

flexibility because crops are cultivated in 

movable pots, grow bags, and modular 

planting systems. This approach enables 

efficient utilization of irregular rooftop spaces 

while simplifying crop rotation and 

maintenance. Although comparatively 

economical, limited rooting space and frequent 

irrigation requirements may reduce long-term 

productivity when compared with 

technologically advanced cultivation methods. 

Hydroponic and vertical farming systems 

represent more advanced forms of rooftop 

agriculture. Hydroponics improves crop 

productivity by supplying nutrients directly 

through water-based solutions, while vertical 

farming increases production capacity through 

stacked cultivation structures that maximize 

space utilization. Both approaches improve 

resource efficiency and reduce land 

requirements; however, they generally require 
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greater technical expertise and higher initial 

investment. 

Recent technological developments have 

introduced smart rooftop farming systems that 

integrate Artificial Intelligence (AI), Internet 

of Things (IoT), cloud computing, renewable 

energy, automated irrigation, and precision 

agriculture technologies. These intelligent 

systems continuously monitor crop health, 

nutrient availability, soil moisture, and 

environmental conditions, enabling real-time 

decision-making and significantly improving 

production efficiency. As digital agriculture 

continues to advance, smart rooftop farming is 

expected to become an increasingly important 

component of future urban food systems. 

The comparative evaluation indicates that the 

selection of an appropriate rooftop farming 

system depends upon several important 

considerations: 

 Available financial investment.  

 Building structure and rooftop load-

bearing capacity.  

 Climatic and environmental conditions.  

 Water availability and resource efficiency.  

 Technical knowledge and maintenance 

requirements.  

 Household food demand and production 

objectives.  

 Long-term environmental and economic 

sustainability.  

Overall, no single rooftop farming approach 

can be considered universally superior because 

each system possesses distinct strengths and 

operational limitations. Conventional farming 

methods remain appropriate for small-scale 

household cultivation due to their affordability 

and simplicity, whereas hydroponic, vertical, 

and smart farming systems provide greater 

productivity and sustainability for commercial 

or institutional applications. Consequently, 

integrating traditional cultivation practices 

with modern agricultural technologies offers 

the most effective pathway for strengthening 

household food resilience while promoting 

sustainable urban development. 

Table 2. Comparative Evaluation of Urban Rooftop Farming Approaches 

Rooftop 

Farming 

System 

Initial 

Cost 

Productivity Water 

Efficiency 

Technical 

Requirement 

Contribution to 

Household Food 

Resilience 

Soil-Based 

Farming 

Low Moderate Moderate Low High 

Container 

Gardening 

Low–

Moderate 

Moderate Moderate Low High 

Hydroponic 

Farming 

High Very High Very High High Very High 

Vertical 

Farming 

High High High High Very High 

Smart Rooftop 

Farming 

Very High Very High Very High Very High Excellent 

STRATEGIC SUSTAINABILITY 

ASSESSMENT 

Urban Rooftop Farming (URF) has emerged as 

a strategic solution for achieving sustainable 

urban development by simultaneously 

addressing food security, environmental 

conservation, climate resilience, and 

socioeconomic well-being. Unlike 

conventional food production systems, rooftop 

agriculture efficiently utilizes unused urban 

spaces while reducing pressure on agricultural 

land and natural resources. However, its long-

term sustainability depends on the successful 

integration of environmental, economic, 

technological, institutional, and social 

dimensions. Therefore, a strategic 

sustainability assessment is essential for 

understanding both the opportunities and the 

limitations associated with rooftop farming, 

enabling stakeholders to formulate effective 

implementation strategies. 

The sustainability of rooftop farming extends 

beyond food production because it directly 

contributes to climate adaptation, resource 

conservation, and resilient urban communities. 

By reducing transportation requirements, 

expanding green infrastructure, and promoting 

localized food production, rooftop agriculture 

strengthens both environmental quality and 

household food resilience. Nevertheless, 
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maximizing these benefits requires continuous 

technological innovation, supportive public 

policies, and coordinated institutional efforts. 

The strategic sustainability of Urban Rooftop 

Farming is influenced by the following key 

dimensions: 

 Environmental sustainability and 

ecological conservation.  

 Economic viability and household 

financial resilience.  

 Technological innovation and smart 

farming applications.  

 Institutional support and government 

policy.  

 Community participation and public 

awareness.  

 Climate adaptation and disaster 

preparedness.  

 Long-term urban food system resilience.  

From an environmental perspective, rooftop 

farming contributes significantly to reducing 

greenhouse gas emissions, mitigating urban 

heat island effects, improving biodiversity, 

enhancing rainwater harvesting, and 

expanding urban green spaces. These 

ecological benefits improve environmental 

quality while strengthening the adaptive 

capacity of cities to cope with climate-related 

challenges. Localized food production also 

minimizes dependence on long-distance 

transportation, thereby supporting low-carbon 

and sustainable food systems. 

Economic sustainability is another important 

component of rooftop agriculture. Continuous 

production of fresh vegetables helps reduce 

household food expenditure while creating 

opportunities for supplementary income, green 

entrepreneurship, and local employment. 

Advanced technologies such as hydroponics, 

vertical farming, automated irrigation, and 

digital monitoring further improve production 

efficiency and optimize resource utilization. 

However, relatively high installation costs, 

maintenance expenses, and technical 

requirements may restrict adoption among 

economically weaker households. 

Institutional support plays a crucial role in 

ensuring the successful implementation of 

rooftop farming initiatives. Government 

incentives, financial assistance, urban planning 

regulations, agricultural extension services, 

technical training programmes, and public 

awareness campaigns collectively influence 

adoption rates and long-term sustainability. In 

many developing regions, fragmented policies, 

inadequate institutional coordination, and 

limited financial support continue to slow the 

expansion of rooftop agriculture despite its 

recognized environmental and socioeconomic 

benefits. 

The long-term sustainability of rooftop 

farming can be strengthened through the 

following strategic measures: 

 Integration of rooftop farming into urban 

development policies.  

 Financial incentives and subsidy 

programmes.  

 Promotion of smart agriculture and digital 

technologies.  

 Capacity building through technical 

education and training.  

 Public–private partnerships for urban 

agriculture.  

 Community-based rooftop farming 

initiatives.  

 Continuous research, innovation, and 

policy support.  

The strategic assessment demonstrates that 

Urban Rooftop Farming possesses substantial 

potential to strengthen household food 

resilience while supporting sustainable urban 

development. Although challenges related to 

infrastructure, finance, policy, and technology 

remain, coordinated efforts among 

governments, research institutions, private 

organizations, and local communities can 

significantly improve large-scale 

implementation. Consequently, rooftop 

farming should be recognized as an essential 

component of future sustainable cities capable 

of enhancing environmental sustainability, 

climate resilience, and long-term food 

security. 

COMPARATIVE FINDINGS 

The systematic evaluation of the selected 

literature demonstrates that Urban Rooftop 

Farming (URF) has evolved into an effective 

strategy for strengthening household food 

resilience while simultaneously promoting 

environmental sustainability, climate 

adaptation, and sustainable urban 

development. Although the reviewed studies 

differ in geographical location, cultivation 

technologies, research methodologies, and 

policy frameworks, a high degree of 

consistency exists regarding the 
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multidimensional benefits of rooftop 

agriculture. Most investigations conclude that 

rooftop farming improves food availability, 

strengthens household self-sufficiency, 

enhances dietary diversity, reduces 

dependence on conventional food supply 

chains, and supports environmentally 

sustainable urban living. 

The comparative findings indicate that the 

major contributions of Urban Rooftop Farming 

include: 

 Improvement in household food 

availability and nutritional security.  

 Reduction in dependence on conventional 

food supply chains.  

 Enhancement of environmental 

sustainability through green infrastructure.  

 Promotion of climate adaptation and urban 

ecological resilience.  

 Reduction in household food expenditure 

and improvement of economic resilience.  

 Adoption of smart agricultural 

technologies for efficient resource 

utilization.  

 Strengthening of community participation 

and sustainable urban development.  

 Requirement for stronger policy support, 

financial incentives, and institutional 

collaboration.  

The reviewed literature further indicates that 

the environmental contribution of rooftop 

farming extends well beyond food production. 

Green rooftops improve biodiversity, reduce 

urban heat island effects, enhance rainwater 

retention, and lower greenhouse gas emissions 

associated with food transportation. These 

ecological benefits significantly improve 

environmental quality while strengthening the 

resilience of rapidly growing cities against 

climate-related challenges. 

From an economic perspective, rooftop 

farming improves household financial 

resilience by reducing expenditure on fresh 

vegetables and creating opportunities for 

supplementary income and local 

entrepreneurship. Although advanced systems 

such as hydroponics, vertical farming, and 

smart irrigation require higher initial 

investment, their long-term productivity, water 

efficiency, and operational benefits generally 

outweigh installation costs. Studies 

consistently emphasize that financial 

incentives, technical assistance, and supportive 

government policies play a crucial role in 

improving the economic feasibility of rooftop 

farming. 

Technological innovation has also emerged as 

a major factor supporting the expansion of 

rooftop agriculture. Digital monitoring 

systems, Internet of Things (IoT), Artificial 

Intelligence, automated irrigation, and 

renewable energy integration have 

substantially improved production efficiency 

while minimizing resource consumption. 

However, the literature also identifies several 

implementation challenges, including 

structural limitations of buildings, inadequate 

policy frameworks, financial constraints, 

limited technical expertise, and insufficient 

public awareness. Addressing these barriers 

through integrated urban planning, 

institutional collaboration, and continuous 

technological advancement will be essential 

for expanding rooftop farming on a larger 

scale. 

The comparative synthesis demonstrates that 

Urban Rooftop Farming provides substantial 

environmental, economic, nutritional, and 

social benefits that collectively strengthen 

household food resilience. Nevertheless, 

maximizing these benefits requires 

coordinated policy interventions, technological 

innovation, institutional commitment, and 

active community participation to integrate 

rooftop agriculture successfully into 

sustainable urban development strategies. 

Table 4. Comparative Synthesis of Major Findings 

Assessment Indicator Overall Evaluation Contribution to Household Food 

Resilience 

Food Availability Very High Strengthens continuous local food 

production 

Nutritional Security High Improves access to fresh and healthy food 

Environmental Sustainability Very High Reduces emissions and enhances urban 

ecology 

Climate Adaptation High Supports resilient urban food systems 
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Economic Benefits High Reduces household food expenditure 

Community Participation Moderate–High Promotes awareness and local 

cooperation 

Technological Innovation Very High Improves productivity and resource 

efficiency 

Policy Support Moderate Requires stronger institutional 

commitment 

Graph 1. Comparative Performance of Urban Rooftop Farming 

Food Availability 

████████████████████████ 4.8 

Environmental Sustainability 

███████████████████████  4.7 

Technological Innovation         

██████████████████████   4.6 

Climate Adaptation               

█████████████████████    4.5 

Nutritional Security             

█████████████████████    4.5 

Economic Benefits                

████████████████████     4.4 

Community Participation          

██████████████████       4.2 

Policy Support                   

████████████████         4.0 

Figure 2. Comparative Performance of Urban Rooftop Farming Across Major Indicators 
The comparative findings indicate that Food 

Availability (4.8) achieved the highest overall 

evaluation, demonstrating that rooftop farming 

substantially improves local food production 

and reduces dependence on external supply 

chains. Environmental Sustainability (4.7) and 

Technological Innovation (4.6) also received 

very high evaluations, highlighting the 

importance of green infrastructure and modern 

agricultural technologies in improving urban 

resilience. Climate Adaptation (4.5), 

Nutritional Security (4.5), and Economic 

Benefits (4.4) further demonstrate the 

multidimensional contribution of rooftop 

farming toward sustainable household food 

systems. Although Community Participation 

(4.2) and Policy Support (4.0) were 

comparatively lower, they remain critical 

enabling factors requiring stronger institutional 

collaboration, public awareness, and long-term 

governmental commitment for expanding 

rooftop farming initiatives. 

CRITICAL DISCUSSION 

The findings of the present review clearly 

demonstrate that Urban Rooftop Farming 

(URF) has evolved far beyond a simple urban 

gardening practice and has become an 

important component of sustainable urban 

food systems. The comparative analysis 

confirms that rooftop agriculture 

simultaneously addresses multiple urban 

challenges, including food insecurity, 

environmental degradation, climate 

vulnerability, and inefficient utilization of 

urban spaces. Unlike conventional agricultural 

systems that depend on extensive cultivable 

land and long-distance transportation, rooftop 

farming promotes decentralized food 

production capable of improving household 

food resilience while supporting 

environmental sustainability and climate 

adaptation. 

The review further reveals that rooftop 

farming should be considered a 

multidisciplinary urban development strategy 

rather than merely an agricultural activity. Its 

contribution extends across environmental, 

economic, technological, and social 

dimensions, making it an effective approach 

for strengthening resilient and sustainable 

cities. 

The critical discussion highlights the following 

major observations: 
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 Urban Rooftop Farming significantly 

improves household food resilience 

through localized food production.  

 Green rooftop systems contribute to 

climate adaptation, biodiversity 

conservation, and environmental 

sustainability.  

 Advanced technologies such as 

hydroponics, IoT, Artificial Intelligence, 

and automated irrigation substantially 

improve production efficiency.  

 Rooftop farming reduces household food 

expenditure while promoting healthier 

dietary practices.  

 Community participation and institutional 

collaboration strengthen the long-term 

success of rooftop farming initiatives.  

 Policy support, financial incentives, and 

technical capacity building remain 

essential for large-scale implementation.  

The review also indicates that technological 

innovation has become one of the strongest 

drivers of modern rooftop agriculture. The 

integration of hydroponics, vertical farming, 

renewable energy systems, Artificial 

Intelligence-assisted crop management, 

Internet of Things (IoT)-based monitoring, and 

automated irrigation has transformed rooftop 

farming into a highly efficient and climate-

smart food production system. However, 

technological advancement alone cannot 

ensure sustainability unless accompanied by 

appropriate policy support, technical training, 

and equitable access to modern farming 

technologies. 

Despite the considerable benefits identified 

throughout the reviewed literature, several 

implementation barriers continue to restrict the 

widespread adoption of rooftop farming. 

Structural limitations of existing buildings, 

high installation costs, inadequate policy 

frameworks, financial constraints, limited 

technical expertise, and insufficient public 

awareness remain common challenges, 

particularly within developing countries. 

Addressing these issues requires stronger 

collaboration among governments, research 

institutions, urban planners, environmental 

organizations, and local communities to 

establish supportive regulations, financial 

assistance programmes, and effective capacity-

building initiatives. 

Overall, the evidence synthesized in this 

review demonstrates that Urban Rooftop 

Farming possesses substantial potential to 

strengthen household food resilience while 

promoting sustainable urban development. 

Nevertheless, maximizing its long-term 

contribution will require integrated planning 

approaches that combine technological 

innovation, environmental sustainability, 

institutional governance, socioeconomic 

inclusion, and climate adaptation. Such 

multidisciplinary collaboration provides the 

foundation for developing healthier, greener, 

and more resilient cities capable of ensuring 

sustainable food systems for future urban 

populations. 

POLICY IMPLICATIONS 

The findings of this review provide important 

implications for policymakers, urban planners, 

municipal authorities, environmental agencies, 

housing developers, and community 

organizations involved in sustainable urban 

development. Governments should recognize 

rooftop farming as an integral component of 

urban food policy and incorporate it into city 

master plans, climate adaptation strategies, and 

green infrastructure programmes. Financial 

incentives such as subsidies, low-interest 

loans, tax concessions, and rooftop greening 

grants can significantly encourage households 

and commercial establishments to adopt 

rooftop agriculture. Urban building regulations 

should also be revised to facilitate rooftop 

cultivation while ensuring structural safety and 

long-term maintenance standards. 

Capacity-building initiatives represent another 

important policy priority. Municipal 

authorities, agricultural universities, and 

extension agencies should organize technical 

training programmes that educate urban 

residents regarding sustainable cultivation 

methods, hydroponic technologies, water 

conservation practices, composting, and smart 

agriculture applications. Public awareness 

campaigns highlighting the environmental, 

nutritional, and economic benefits of rooftop 

farming can further increase community 

participation while strengthening local food 

resilience. Moreover, greater collaboration 

between public institutions, private enterprises, 

research organizations, and civil society will 

be essential for developing innovative 

technologies and evidence-based policies 
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capable of expanding rooftop agriculture 

across rapidly urbanizing regions. 

FUTURE RESEARCH DIRECTIONS 

Although Urban Rooftop Farming has 

received increasing scholarly attention, several 

important research opportunities remain 

insufficiently explored. Future investigations 

should evaluate the long-term economic 

feasibility of different rooftop farming 

technologies under diverse climatic and 

socioeconomic conditions. Comparative 

studies examining rooftop agriculture across 

developed and developing countries would 

improve understanding of region-specific 

implementation challenges and policy 

effectiveness. Greater attention should also be 

devoted to integrating Artificial Intelligence, 

Internet of Things, remote sensing, digital 

twins, renewable energy systems, and 

precision agriculture technologies within 

rooftop farming to enhance productivity and 

sustainability. 

Further research is needed to examine the 

contribution of rooftop farming toward public 

health improvement, household nutrition, 

climate resilience, biodiversity conservation, 

circular economy practices, and carbon 

neutrality. Longitudinal studies investigating 

behavioural change, community participation, 

and resilience outcomes would provide 

stronger empirical evidence regarding the 

long-term effectiveness of rooftop agriculture. 

Finally, interdisciplinary research integrating 

urban planning, environmental science, 

agriculture, economics, architecture, and 

public policy will be essential for developing 

comprehensive frameworks capable of 

supporting sustainable urban food systems in 

future smart cities. 

CONCLUDING REMARKS 

Urban Rooftop Farming represents one of the 

most promising innovations for strengthening 

household food resilience while 

simultaneously advancing sustainable urban 

development. The present review demonstrates 

that rooftop agriculture contributes 

significantly to improving food availability, 

nutritional security, environmental 

sustainability, climate adaptation, resource 

efficiency, and community resilience. Through 

effective utilization of underused urban spaces, 

rooftop farming reduces dependence on 

conventional food supply chains while 

enhancing local food production and 

ecological sustainability. These 

multidimensional benefits position rooftop 

farming as an important strategy for achieving 

resilient and self-sustaining urban food 

systems. 

The review further highlights that successful 

implementation depends upon the combined 

influence of technological innovation, 

supportive public policies, institutional 

collaboration, financial accessibility, and 

community participation. Advanced 

cultivation systems such as hydroponics, 

vertical farming, and smart agriculture offer 

substantial opportunities for increasing 

productivity and resource efficiency; however, 

broader adoption requires stronger 

governmental support, technical training, and 

regulatory integration within urban planning 

frameworks. 

In conclusion, Urban Rooftop Farming should 

be recognized not merely as an alternative 

agricultural practice but as a strategic 

investment in resilient cities, environmental 

sustainability, and long-term household well-

being. Integrating rooftop agriculture into 

urban development policies can substantially 

strengthen food resilience while supporting 

global efforts toward climate action, 

sustainable cities, responsible resource 

management, and healthier urban 

communities. 
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