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Abstract - The need for creative and sustainable afforestation techniques has increased due to rapid urbanisation, deforestation, and 

climate change. Akira Miyawaki, a Japanese botanist, created the Miyawaki method, an ecological restoration strategy that prioritises 

dense planting of native species to speed up forest development and biodiversity recovery. The ideas, technique, ecological 

advantages, applications, constraints, and prospects for the future of Miyawaki forests are all summarised in this review study. 

Research indicates that Miyawaki forests sustain greater biodiversity, enhance soil health, grow much more quickly than traditional 

plantations, and help mitigate climate change by sequestering carbon. The method has drawn interest from all across the world, 

especially in urban settings where land is scarce. But there are also issues including expensive upfront expenses, a lack of long-term 

data, and the requirement for scientific species selection. This study highlights research gaps and policy implications for widespread 

adoption while showcasing the promise of Miyawaki forests as a nature-based solution for ecological restoration. 

 

Index Terms - Miyawaki forest, urban afforestation, native species, biodiversity, climate change, ecological restoration 

I. INTRODUCTION  

Alternative ways to afforestation and ecological restoration have become necessary due to global environmental concerns such 

deforestation, biodiversity loss, urban heat islands, and climate change. Conventional forest plantation techniques often depend on 

monoculture systems that provide little benefit to biodiversity and take a long time to create ecological equilibrium. The Miyawaki 

technique has become a viable option for quick forest regeneration in this setting. 

The Miyawaki approach, created in the 1970s by Japanese ecologist Akira Miyawaki, is predicated on the idea of utilising potential 

natural vegetation (PNV) to restore native vegetation. The method encourages thick, mixed-species plantations that quickly achieve 

faster growth and resemble natural forests. Miyawaki woods have been extensively used in cities, schools, industrial zones, and 

degraded areas in several nations, including India, in recent years. The objective of this review is to evaluate the Miyawaki method's 

potential contribution to sustainable environmental management by critically analysing its tenets, advantages, applications, and 

drawbacks. 

 

CONCEPT AND PRINCIPLES OF MIYAWAKI METHOD 

 

1. Natural forest succession and native biodiversity are given priority in the Miyawaki technique, which is based on ecological 

principles. Among the fundamental ideas are: 

2. Use of Native Species: Choosing native tree and shrub species that are suited to the soil and climate in the area. 

3. Dense Planting: To encourage competition and quick vertical growth, saplings are planted at a high density (usually 3–5 

saplings per square metre). Including species that represent several forest layers, such as shrubs, subtrees, and canopy trees, 

results in a multi-layered structure. 

4. Soil Enrichment: To increase microbial activity, organic materials like compost, biomass, and natural fertilisers are added to 

the soil. 

5. Minimal Maintenance: Forests become self-sufficient after the first two to three years of care. 

 

These characteristics set Miyawaki forests apart from conventional monoculture plantations and help explain their resilience and 

quick growth. 
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II. METHODOLOGY 

 

The Miyawaki method is a scientifically organised afforestation strategy intended to quickly restore native forest ecosystems. In order 

to ensure quick development, high survival rates, and ecological resilience, the system incorporates concepts from soil science, natural 

succession, and plant ecology (Miyawaki, 1999). The following section discusses the key methodological procedures that go into 

creating Miyawaki forests. 

 

1. Site Selection and Land Preparation: The Miyawaki method's adaptation to small and degraded land parcels, such as urban 

vacant plots, roadsides, school campuses, industrial zones, and degraded rural lands, is one of its unique characteristics. 

According to studies, Miyawaki woods are suited for highly populated urban situations since they can be successfully grown 

on areas as small as 100–300 m² (Sharma & Raghubanshi, 2020). 

Sites are cleansed of invasive plants, garbage, and leftover concrete before planting. In urban settings, soil is frequently 

nutrient-poor and compacted, necessitating extensive preparation to promote forest growth (FAO, 2016). For instance, within 

three to five years, urban Miyawaki forests have successfully converted degraded building sites into thick green patches in 

Indian cities like Bengaluru and Chennai (Sharma et al., 2021). 

 

2. Soil Analysis and Enrichment : A key factor in determining the effectiveness of forest development is soil quality. Texture, 

pH, nutrient availability, and water-holding capacity are all assessed by soil testing. Instead of relying solely on fertiliser, 

Miyawaki plantations prioritise soil rehabilitation. The soil is supplemented with organic materials including compost, cow 

dung manure, rice husk, coco peat, leaf litter, and biochar. According to research, this kind of enrichment can improve 

microbial activity and nutrient cycling by raising soil organic carbon by 20–50% in the first two to three years (Lal, 2004; 

Miyawaki, 2010). During the establishment phase, mulching with organic biomass reduces moisture loss and suppresses 

weeds, resulting in a 30–40% reduction in water requirements (FAO, 2016). 

 

3. Selection of Native Species (Potential Natural Vegetation): The idea of Potential Natural Vegetation (PNV), or the plant 

community that would naturally exist in a particular location without human disturbance, serves as the foundation for species 

selection (Miyawaki, 1999). Only native plants that have adapted to the edaphic and climatic characteristics of the area are 

chosen. Each site typically uses 20–40 native species that are divided into various forest layers: Shrubs, such as 

Clerodendrum and Carissa, Sub-canopy trees, such as Albizia and Cassia and Canopy trees, such as Terminalia and Ficus. 

Compared to monoculture plantations, which frequently experience insect outbreaks and climate stress, mixed-species 

plantations have been demonstrated to have greater survival rates (up to 90–95%) (Sharma & Raghubanshi, 2020). 

 

4. Randomised and Dense Planting Method: Compared to traditional forestry plantations, which typically have a density of less 

than one plant per square metre, saplings are planted at a density of three to five plants per square metre. Rapid vertical 

growth is produced by this dense and haphazard layout, which imitates natural forest regeneration and creates competition 

for light. According to empirical research, Miyawaki forests reach canopy closure in two to three years, growing up to ten 

times quicker in the early years than traditional plantings (Miyawaki, 1999; FAO, 2016). Early canopy growth increases the 

efficiency of carbon uptake and inhibits weeds. 

 

5. Maintenance Phase (Initial 2–3 Years): The first two to three years are the only maintenance phase, which calls for frequent 

weeding, mulching, and watering. Following this time, the forest becomes self-sufficient and depends on organic processes 

like nutrient cycling and litter decomposition. According to studies, Miyawaki woods are economically viable over the long 

term since they require 60–70% less upkeep than ornamental plants or urban lawns (Sharma et al., 2021). 

 

6. Performance Indicators and Monitoring: Plant survival rates, growth metrics (height and diameter), soil quality, biodiversity 

indicators, and carbon sequestration capacity are all evaluated as part of monitoring. Compared to conventional afforestation 

techniques, Miyawaki plants can obtain a biomass density that is two to four times greater in ten years, according to urban 

forest research (Nowak et al., 2014). Bird, insect, and soil microbial diversity had significantly increased within three to five 

years, according to biodiversity evaluations carried out in urban Miyawaki forests, indicating a quick recovery of the 

environment (Sharma et al., 2021). 
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Metric Miyawaki Method Specification 

Planting Density 3 to 7 trees per m² (approx. 30x denser than traditional) 

Growth Rate 1.0 m/year (Temperate) to 1.5 m/year (Rainforest) 

Species Diversity Minimum 300% more species than conventional plantations 

Green Surface Area 30 times more than a standard meadow/conventional forest 

Maintenance Period Intensive for 2–3 years; self-sustaining thereafter 

Stabilization Time 15–20 years (Temperate); 30–40 years (Tropical) 

Estimated Cost ~₹300–₹395 per m² (includes saplings and soil prep) 

 

III. ECOLOGICAL AND ENVIRONMENTAL BENEFITS OF MIYAWAKI FORESTS 

 

Miyawaki forests provide multiple ecological and environmental benefits due to their dense, multi-layered structure and exclusive use 

of native species. Their faster growing rate is one of the biggest benefits. Because of high planting density and interspecific 

competition, studies show that Miyawaki plantations can reach structural maturity in 20–30 years as opposed to the 100–150 years 

needed for normal natural forest regeneration (Miyawaki, 1999; Sharma & Raghubanshi, 2020). 

The technique works especially well for increasing biodiversity. Heterogeneous habitats that sustain a variety of animals are created 

by mixed native species plantations that represent shrub, sub-canopy, and canopy levels. When compared to neighbouring 

monoculture plantations, empirical research from urban India has shown a 2-3 fold increase in bird and insect species richness after 3-

5 years following Miyawaki forest formation (Sharma et al., 2021). Increased microbial diversity in soil has also been documented, 

contributing to ecosystem stability. 

Additionally, Miyawaki woods play a major role in sequestering carbon. These forests can trap roughly three to five times more 

carbon per unit area than traditional plantings during the early growth phase because of their high biomass buildup (FAO, 2016). 

Higher yearly carbon uptake is made possible by rapid canopy closure, which also improves photosynthetic efficiency, especially in 

metropolitan areas with little greenery. Another noteworthy advantage is an improvement in soil quality. During plantation, adding  

organic material to the soil improves its organic carbon content, microbial activity, and nutrient availability. Within the first few years 

of Miyawaki forest development, research shows a 30–50% increase in soil organic matter, which improves soil structure, water 

retention, and nutrient cycling (Miyawaki, 2010; FAO, 2016). Miyawaki woodlands are essential for controlling the microclimate in 

metropolitan settings. The urban heat island effect is lessened by dense plant cover, which lowers ambient temperatures by 2-4°C 

(IPCC, 2022). The dense vegetation also serves as a natural pollution barrier. According to research on urban forests, dense green 

belts can improve overall environmental quality by lowering noise pollution levels and particulate matter (PM2.5 and PM10) 

concentrations by 20–30% (Nowak et al., 2014). 

Miyawaki Forests in Urban and Rural Contexts: The Miyawaki approach can be used in both urban and rural environments due to its 

versatility. It has been successfully applied in metropolitan areas along highways, in parks, in schools, and on corporate campuses. 

Miyawaki forests support ecosystem recovery, groundwater recharge, and land restoration in rural and degraded areas. The approach 

has become more well-known in India because it supports community-driven planting programs and environmental sustainability 

activities. 

 

IV. ROLE OF MIYAWAKI FORESTS IN CLIMATE CHANGE MITIGATION 

 

Miyawaki forests play a significant role in climate change mitigation by functioning as highly efficient carbon sinks, particularly in 

urban and degraded landscapes where conventional forest regeneration is limited. Compared to conventional afforestation techniques, 

the dense planting of native species and faster growth rates lead to quick biomass accumulation, allowing for more carbon 

sequestration per unit area. Because of their quicker canopy development and higher photosynthetic activity, Miyawaki forests may be 

able to sequester up to three to five times more carbon over the first few decades of growth than monoculture plantings, according to 

studies (Miyawaki, 1999; FAO, 2016). Both above-ground and below-ground carbon storage are improved by the high stem density 

and multilayered vegetation structure. Soil organic carbon stores are increased by the addition of organic matter during soil 

preparation and ongoing leaf litter input. Within a few years of dense native forest establishment, empirical investigations on urban 

forest soils have shown increases in soil organic carbon of 20–50%, which contribute to long-term carbon stabilisation (Lal, 2004; 

Miyawaki, 2010). Miyawaki woods' ability to mitigate growing atmospheric CO2 concentrations is strengthened by this dual carbon 

storage process. Miyawaki forests improve climate resilience by stabilising soils and minimising land degradation, in addition to 

sequestering carbon. Dense root systems increase ecosystem resistance to extreme weather events like droughts and high rainfall by 

improving soil aggregation, reducing erosion, and enhancing water infiltration. Increased nitrogen cycle and soil moisture retention 

help vegetation survive climate stress (FAO, 2016). 
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The Sustainable Development Goals (SDGs) of the United Nations are closely aligned with the Miyawaki technique at the policy 

level. Improved carbon sequestration, climate resilience, and adaptation advantages demonstrate its contribution to SDG 13 (Climate 

Action). By encouraging biodiversity protection, halting land degradation, and re-establishing ecological integrity, the use of native 

species and the restoration of damaged ecosystems directly support SDG 15 (Life on Land). As a result, Miyawaki forests offer a 

workable, natural way to deal with the adaptation and mitigation aspects of climate change, especially in areas that are quickly 

urbanizing 

 

V. RESULT 

 

Location Key Ecological Results 

Ahmedabad, India 

(Sabarmati Park) 

45 native species; 2°C local temp reduction; 10 dB noise mitigation; 5,980 kg CO2 

sequestered per 100 m² lot. 

Technopolis, Thailand 

(Eco-Forest) 

156.53 t C ha⁻¹ total carbon storage (Soil: 137.79; Above-ground: 15.02; Below-

ground: 3.72). 

Pattada, Italy 

(Mediterranean) 

12-year survival study: Miyawaki plots showed higher biodiversity than traditional 

"gradoni" or "hole" methods despite summer aridity. 

General Impact 
30x better groundwater recharge; 18x higher biodiversity (fauna); 15% absorption of 

microparticles. 

 

 

1. Ecological Performance and Growth Acceleration: The sources constantly show that the Miyawaki approach considerably shortens 

the time it takes for a forest to mature.  

 

• Quick Succession: Miyawaki woods attain a mature, multi-layered state in just 20–30 years, whereas traditional forests require 200–

300 years to reach a stable climax stage. 

• Growth Rates: In temperate zones, documented growth is about 1.0 meters annually, but in tropical rainforest conditions, it is 1.5 

meters annually.  

The sources constantly show that the Miyawaki approach considerably shortens the time it takes for a forest to mature.  

 

2. Soil Health and Carbon Sequestration : The technique's potential as a carbon sink is demonstrated by quantitative data from 

Thailand and India. 

• Carbon Storage: A young eco-forest in Thailand stored 156.53 t C ha⁻¹, most of which was stored in the soil (137.79 t C ha⁻¹) as 

opposed to above-ground biomass (15.02 t C ha⁻¹).  

• Long-term Offsetting: For a typical urban lot, a 100 m² Miyawaki plot may sequester about 5,980 kg of CO2 over time, which is 

projected to balance five years' worth of per capita carbon emissions.  

• Soil Improvement: By using organic fertilisers, perforators (like rice husks), and a permanent mulch layer, the technique increases 

the amount of organic matter in the soil and its ability to retain water. 

 

3. Impact on Sociology and Public Health : Chennai research highlights these natural places' transformative societal value. 

• Well-being and contentment: People who live close to Miyawaki forests reported a 78% level of contentment with their immediate 

surroundings and a 72% improvement in their sense of well-being.  

• Community Cohesion: Eighty percent of participants perceived the forests as "meeting points" for social interaction and community-

led conservation initiatives, and they felt a stronger bond with their neighbours.  

• Physical exercise: Regular outdoor exercise rose from 60% (in non-forest areas) to 85% when these forests were close by.  

 

4. Technical Flexibility and Crucial Restrictions: Although useful, the findings point to several limitations and areas that require more 

research. 

• Arid Climate Success: Although it needed adjustments like tillage to store winter rains against summer aridity, the approach in 

Sardinia, Italy, proved more robust than conventional methods in Mediterranean climes.  

• Structural Challenges: According to critics, trees are forced to grow straight up because to the great density (4,000+ trees/acre vs.  

60–520 normally), which may hinder larger species like teak or banyan from reaching full maturity or growing natural, wide canopies. 

• Maintenance Sensitivity: In order to avoid soil dryness and the demise of soil microbiology, the mulch layer must be maintained for 

at least a year. 
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VI. Future Scope and Research Gaps 

 

Even though Miyawaki woods are becoming more widely used in urban and semi-urban settings, there are still a number of 

implementation issues and research gaps that need to be resolved in order to properly assess their long-term ecological efficacy and 

scalability. Finding these gaps is crucial to improving the methodology's contribution to sustainable urban development, biodiversity 

protection, and climate change mitigation. 

 

1. The necessity of long-term ecological surveillance: 

 

The majority of current research on Miyawaki woods concentrates on short- to medium-term results, usually spanning three to ten 

years. Long-term ecological data assessing forest maturity, species succession, and ecosystem stability beyond the initial development 

phase is lacking, despite these studies reporting quick growth, high survival rates, and early biodiversity benefits (Miyawaki, 2010; 

Sharma & Raghubanshi, 2020). Long-term monitoring is required to assess whether Miyawaki forests develop structural and 

functional characteristics comparable to natural forests, including: 

 Canopy stratification and regeneration cycles 

 Longevity and reproductive success of planted species 

 Resistance to pests, diseases, and climatic extremes 

Such assessments would help determine whether accelerated growth translates into long-term ecological sustainability or merely 

short-term biomass accumulation. 

2. Quantification of Carbon Sequestration and Climate Benefits: 

 

Despite the widespread promotion of Miyawaki woods as efficient carbon sinks, there are still few and inconsistent quantitative 

assessments of carbon sequestration. The majority of current estimates are based on extrapolations from traditional forestry data or 

indirect biomass proxies (FAO, 2016). Future studies ought to focus on: Direct assessment of biomass both above and below ground, 

Dynamics of soil organic carbon throughout time and Life-cycle evaluations of the benefits and costs of carbon. 

To ascertain whether Miyawaki forests offer superior carbon sequestration per unit area over long time scales, comparative research 

with natural forests and monoculture plantings are especially necessary (Lal, 2004; IPCC, 2022). 

 

3. Comparative Research on Conventional and Natural Forests: 

 

The paucity of comparative ecological studies between Miyawaki forests, spontaneously regenerated forests, and conventional 

plantations represents a major research need. Although Miyawaki woods grow more quickly in the beginning, there are still concerns 

about how ecologically similar they are to naturally occurring forests in terms of: Interactions between species, Trophic intricacy and 

Resilience and genetic diversity. 

 

Whether Miyawaki forests can act as functional equivalents of real forests, especially in biodiversity-rich tropical locations, would be 

clarified by long-term comparative research across various climatic zones (Miyawaki, 1999; Sharma et al., 2021). 

 

4. Research Gaps at the Socioeconomic and Policy Levels: 

 

In addition to ecological results, institutional support, economic viability, and governance frameworks are necessary for the successful 

scaling of Miyawaki forests. The cost-benefit analysis of Miyawaki plantations in comparison to traditional afforestation initiatives, 

particularly in developing nations, has, however, received little attention. Future research ought to look into: Ecosystem services' 

economic value, Over time, maintenance expenses and Funding sources and policy incentives. The adoption of Miyawaki forests 

might be further increased by incorporating them into national afforestation missions, urban climate action programs, and green 

infrastructure strategies (FAO, 2016). 

 

5. Social Acceptance and Community Involvement: 

 

Involving the community is essential to the long-term success of rehabilitation projects. Nevertheless, there are still few empirical 

studies looking at community engagement approaches in Miyawaki forest projects. To effectively engage local populations, 

educational institutions, and civil society organisations in plantation, monitoring, and stewardship activities, research is required. 

Participatory methods can improve: Environmental education and public awareness, forest patches' long-term preservation and 

changes in behaviour and social ownership. Such social dimensions are particularly relevant in developing countries, where 

community-led initiatives often determine project sustainability (Sharma & Raghubanshi, 2020). 
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6. Combining Climate-Resilient Infrastructure with Urban Planning: 

 

Miyawaki woodlands face both opportunities and challenges as a result of rapid urbanisation. Large-scale afforestation is limited by 

the shortage of urban land, but Miyawaki forests are particularly well-suited for tiny, dispersed urban areas. Future studies ought to 

look at how these forests might be methodically included into: Master plans for urban areas, initiatives for smart cities and 

frameworks for climate-resilient infrastructure. 

Spatial planning studies and GIS-based analyses could help identify optimal locations for Miyawaki forest development to maximize 

environmental and social benefits (IPCC, 2022). 

 

7. Potential in Developing Countries: 

 

Deforestation, urban pollution, land degradation, and climate vulnerability are just a few of the serious environmental issues that 

developing nations must deal with. For these areas, the Miyawaki approach provides an economical, space-efficient, and biodiversity-

focused alternative. To adapt the methodology to various ecological and socioeconomic contexts, however, region-specific research is 

required. Future research ought to concentrate on: Protocols for species selection unique to a given region, native species' capacity to 

adapt to different climates and alignment of policies with national sustainability objectives 

The function of Miyawaki forests as a natural remedy for environmental problems in the Global South would be strengthened by such 

research. 

VII. CONCLUSIONS 

In metropolitan areas with limited land, the Miyawaki afforestation technique is a revolutionary approach to ecological restoration. 

Miyawaki forests provide quick ecological advantages and help mitigate climate change by emphasising native biodiversity, dense 

planting, and natural succession. Its function as a sustainable afforestation approach can be strengthened by scientific implementation 

and long-term study, despite ongoing hurdles. 
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