
© 2025 JETIR December 2025, Volume 12, Issue 12                                                        www.jetir.org (ISSN-2349-5162) 

JETIR2512619 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g129 

 

Ecosystem Restoration: Counteraction & Monitoring  

Dr Sujata Kawade (Bansode)  
Assistant Professor 

Department of Zoology  

Shri Shivaji Science College, Amravati 

Email: sujata_4980@rediffmail.com 

 

Abstract: Ecological restoration has become an important practice for counteracting ecosystem degradation for 

the provision of increased need of ecosystem services, such as clean water or climate change mitigation, 

biodiversity conservation, counteracting land degradation. It can be motivated by a number of factors, including 

designing framework and theories, implementing different restoration methods and techniques, and evaluation & 

monitoring of the measures taken.  But it also faces a number of challenges which need to be addressed and 

overcome in order to conserve the biodiversity and maintain ecological balance. 
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Introduction: 

Healthy habitats indicate diverse populations of living organisms. Habitats are natural materials comprising of 

rocks, coral, gravel, sand and mud, type of vegetation, shape and nature of habitat (aquatic, terrestrial), or the 

overall ecosystem (wetlands, floodplains, streams, estuaries, lakes, beaches). Strong selective pressures promote 

individuals to choose high-quality habitat for a given activity like foraging, breeding, displaying, etc. Human 

interventions are the major cause of degradation and destruction of natural ecosystems throughout the World 

(Kawade, 2020). Ecosystem degradation is defined as the deterioration of an ecosystem's structure and function, 

often resulting from activities such as deforestation, which significantly alter habitats and impair essential 

ecosystem services like flood control and carbon sequestration. 

We face the challenge of provisioning services while conserving our ecosystem services. Widespread habitat loss 

and fragmentation are caused mainly due to accelerated human activity, particularly over exploitation of natural 

resources due to population explosion and urbanization (Vörösmarty et al., 2010). Also, climate change causing 

hydrological droughts via reduced rainfall in many areas resulting in decline in river flow, reducing the volume of 

wetted habitat and altering habitat structure, increasing water temperature, reducing dissolved oxygen and altering 
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nutrient supply. This unpredictable drought fragmentation can have devastating effects on aquatic food webs 

(Kawade, 2022). In recent years, ecosystem degradation has become a major environmental concern in many 

regions of the world, particularly in developing countries where agriculture is the main occupation (Delgado and 

Marín, 2020). 

A. Ecosystem restoration through Frameworks & Theories: Ecosystem restoration uses frameworks like 

Nature-based Solutions (NbS), Ecosystem services,  Socio-ecological systems and theories from ecology like 

ecological succession and Resilience Theory, to guide actions like reforestation or wetland rewetting, aiming to 

reverse degradation, restore biodiversity, and improve services (water, carbon storage). Key frameworks 

emphasize community engagement, addressing degradation causes, and balancing social/ecological goals, moving 

beyond simple fixes to integrated, scaled strategies. 

1. Nature-based Solutions: (NbS): Ecosystem restoration using Nature-based Solutions (NbS) means working 

with nature to protect, sustainably manage, and restore natural/modified ecosystems like forests, rivers, wetlands, 

coasts, etc to address societal challenges like climate change, water scarcity, and biodiversity loss, effectively. It 

provides benefits to both humans and nature, offering cost-effective, resilient solutions like reforestation, green 

infrastructure (green roofs), and mangrove protection that enhance ecosystem services and meet sustainable 

development goals. 

 Forests: Reforestation & afforestation for carbon sequestration, soil stabilization, and biodiversity (Ehrlich et 

al, 2013). 

 Coastal Areas: Restoring mangroves, salt marshes, and reefs to reduce flood risk, protect shorelines, and support 

fisheries. 

 Urban Areas: Implementing green roofs, green walls, and urban parks for cooling, flood control, and improved 

well-being. 

 Water Systems: Restoring wetlands for natural water filtration and flood buffering. 

 Working Lands: Using agroforestry to reduce land degradation and support local livelihoods.  

 Cost-Effective: Can be significantly cheaper than engineered (grey) infrastructure, offering multiple benefits 

over time. 

2. Ecosystem Services: It includes provisioning of food, fresh water, timber, fibre, regulating climate control, 

flood protection, water purification, pollination, supporting the process of soil formation, nutrient cycling, primary 

production of plants, cultural competence through spiritual enrichment, recreation, aesthetic beauty (S. Crooks and 

R.K. Turner, 1999).  

Ecosystem Restoration helps recover degraded environments (forests, wetlands, oceans) to boost biodiversity and 

functions, directly adding to Ecosystem Services—the vital benefits humans get like clean water, food, climate 
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regulation, and cultural value. It's a key strategy for tackling climate change by removing greenhouse gases and 

biodiversity crises, generating huge economic benefits, supporting livelihoods, through integrated planning and 

community involvement. 

3. Socio-ecological System : Ecosystem restoration is increasingly viewed through a socio-ecological systems 

(SES) lens, recognizing that humans and nature are deeply linked; successful restoration goes beyond ecological 

targets to integrate social factors like governance, equity, power, and culture, ensuring projects are inclusive, 

address community needs, provide socioeconomic benefits, and build resilience for long-term success, rather than 

just focusing on biophysical recovery (Robinson et al, 2022) 

4. Ecological Succession:  

Ecosystem Restoration uses principles of ecological succession— The gradual, orderly change in species 

composition and community structure in an ecosystem over time, moving from simple to complex states—to guide 

recovery after disturbances, aiming to help ecosystems reach a desired stable state (climax community) by either 

actively or passively allowing natural succession, like planting species to jumpstart processes in severely degraded 

areas, integrating disturbance ecology, landscape ecology, and invasion biology to rebuild biodiversity and 

function 

Primary ecological succession starts with a lifeless area (e.g., lava flows, bare rock) where soil needs to form first 

whereas secondary succession occurs where a disturbance (fire, flood, logging) removed organisms but left soil 

and nutrients, like abandoned fields. The succession starts with a pioneer species like early colonizers (mosses, 

grasses) establish, creating conditions for others followed by intermediate stages like growth of shrubs-trees, 

increasing complexity and habitat up to a climax community with stable, self-sustaining, diverse organisms that 

remains until the next disturbance.  

5. Resilience Theory: It is a modern approach to fixing damaged environments, focusing not just on returning to 

a past state but building ecosystems that can resist disturbances (like climate change, pollution) and adapt to 

ongoing changes, using concepts like multiple stable states and tipping points to guide interventions for long-term 

health and function (Hiers et al, 2012). It integrates social systems (people) with ecological ones, recognizing that 

restoring nature requires understanding human impacts and involving communities for sustainable solution. 

B. Ecosystem Restoration through Implementation of Methods and Techniques: 

1. Active and Passive Restoration methods:  

Active restoration involves direct human intervention (planting, erosion control) to speed up recovery suited for 

severe degradation, while passive restoration removes disturbances (like logging/grazing), lets nature regenerate 

naturally for less damaged areas (Smit and Smithers, 1992). Both strategies aim to restore ecosystem function and 

are often used together.  

Natural Regeneration through Passive Restoration done by eliminating stressors (e.g., stopping cattle grazing, 

logging) to allow the ecosystem to heal itself through natural succession (Prashanth et al., 2022). This can be done 

by fencing off areas, remove invasive species, stop pollution. This method of ecosystem restoration is cost-

http://www.jetir.org/
https://www.google.com/search?client=firefox-b-d&q=socio-ecological+systems+%28SES%29&mstk=AUtExfB4xqsZuHR8lHsD2cnIx37uXmQ1XzZwzz6pRG3tbwUInD8W6T2xHdx9NAZTpRdl4RA641nRvPC3KVVfh7sY6W2lV24qdlWZsAgfGwuqKTZ1Gt4ve1hQUYFNYQqN9Pjj3dQ&csui=3&ved=2ahUKEwi0wYWA7saRAxUjyzgGHVXQCgcQgK4QegQIARAD
https://www.google.com/search?client=firefox-b-d&q=socio-ecological+systems+%28SES%29&mstk=AUtExfB4xqsZuHR8lHsD2cnIx37uXmQ1XzZwzz6pRG3tbwUInD8W6T2xHdx9NAZTpRdl4RA641nRvPC3KVVfh7sY6W2lV24qdlWZsAgfGwuqKTZ1Gt4ve1hQUYFNYQqN9Pjj3dQ&csui=3&ved=2ahUKEwi0wYWA7saRAxUjyzgGHVXQCgcQgK4QegQIARAD
https://www.google.com/search?client=firefox-b-d&q=ecological+succession&mstk=AUtExfBjud8rRAmtA6suhJSFOJN2WMwPn-xXqQA4Wnf7VV_kCt1YVGgT-pVJU1JP1t11KUEQrnSiytGhKygD4_-8eQ7Rgy3pbYUHTwBxdu-DYnILpj4spBPMSHwOJXoyBLhBXuM&csui=3&ved=2ahUKEwimjKTa7MaRAxW5zzgGHbosL10QgK4QegQIARAD
https://www.google.com/search?client=firefox-b-d&q=disturbance+ecology&mstk=AUtExfBjud8rRAmtA6suhJSFOJN2WMwPn-xXqQA4Wnf7VV_kCt1YVGgT-pVJU1JP1t11KUEQrnSiytGhKygD4_-8eQ7Rgy3pbYUHTwBxdu-DYnILpj4spBPMSHwOJXoyBLhBXuM&csui=3&ved=2ahUKEwimjKTa7MaRAxW5zzgGHbosL10QgK4QegQIARAE
https://www.google.com/search?client=firefox-b-d&q=landscape+ecology&mstk=AUtExfBjud8rRAmtA6suhJSFOJN2WMwPn-xXqQA4Wnf7VV_kCt1YVGgT-pVJU1JP1t11KUEQrnSiytGhKygD4_-8eQ7Rgy3pbYUHTwBxdu-DYnILpj4spBPMSHwOJXoyBLhBXuM&csui=3&ved=2ahUKEwimjKTa7MaRAxW5zzgGHbosL10QgK4QegQIARAF
https://www.google.com/search?client=firefox-b-d&q=invasion+biology&mstk=AUtExfBjud8rRAmtA6suhJSFOJN2WMwPn-xXqQA4Wnf7VV_kCt1YVGgT-pVJU1JP1t11KUEQrnSiytGhKygD4_-8eQ7Rgy3pbYUHTwBxdu-DYnILpj4spBPMSHwOJXoyBLhBXuM&csui=3&ved=2ahUKEwimjKTa7MaRAxW5zzgGHbosL10QgK4QegQIARAG
https://www.google.com/search?client=firefox-b-d&q=Ecosystem+Restoration+and+Resilience+Theory&mstk=AUtExfBcHX_XIc0JVtB87ly8uyUejSlpjv_nejUJpox1Qlb6IZL0XHZ_WRRnCpVcPPbukSNr06TqKmuoTaFVqIGEzoVjw794tVnUhAnavu1WSH_l1KsB7QztX-xUr4gvk1EOJCQ&csui=3&ved=2ahUKEwjp2bec78aRAxWNyjgGHXBbHwMQgK4QegQIARAB
https://www.google.com/search?client=firefox-b-d&q=multiple+stable+states&mstk=AUtExfBcHX_XIc0JVtB87ly8uyUejSlpjv_nejUJpox1Qlb6IZL0XHZ_WRRnCpVcPPbukSNr06TqKmuoTaFVqIGEzoVjw794tVnUhAnavu1WSH_l1KsB7QztX-xUr4gvk1EOJCQ&csui=3&ved=2ahUKEwjp2bec78aRAxWNyjgGHXBbHwMQgK4QegQIARAD
https://www.google.com/search?client=firefox-b-d&q=tipping+points&mstk=AUtExfBcHX_XIc0JVtB87ly8uyUejSlpjv_nejUJpox1Qlb6IZL0XHZ_WRRnCpVcPPbukSNr06TqKmuoTaFVqIGEzoVjw794tVnUhAnavu1WSH_l1KsB7QztX-xUr4gvk1EOJCQ&csui=3&ved=2ahUKEwjp2bec78aRAxWNyjgGHXBbHwMQgK4QegQIARAE
https://www.google.com/search?client=firefox-b-d&q=passive&mstk=AUtExfDEJrfPf7eC7_kQ0Ng2eohjMa_yzJS5NVN20DoD1jDntLoo40kIT0LiHQ55kx4yLlsHEhjRFVmxUbpEsGhtUSZetFzHVqEqsTCxV_MO_m4cgWNuSo76kdpcRr1UwOo-1iw&csui=3&ved=2ahUKEwjJt9uw8saRAxUl-TgGHR3DM5sQgK4QegQIARAD


© 2025 JETIR December 2025, Volume 12, Issue 12                                                        www.jetir.org (ISSN-2349-5162) 

JETIR2512619 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g132 

 

effective, resilient, creates robust species at the same time is slower, relies heavily on nearby seed sources, 

ineffective in severely degraded areas.  

Direct Intervention through Active Restoration: This method applies specific techniques to accelerate recovery and 

overcome barriers to natural regeneration. It can be implemented by planting native seeds/seedlings, soil 

amendment, erosion control, prescribed burning, reintroducing native species. It is faster, effective, for heavily 

degraded land, can restore complex functions but is more expensive, requires more resources and expertise (Negash 

et al, 2021). Invasive Species Removal: Restoring biodiversity through invasive species removal is a core part of 

ecosystem restoration. Eliminating detrimental non-native plants/animals, allowing natives to thrive, and 

improving ecosystem functions like water quality, often using manual (pulling, cutting), mechanical (mowing, 

prescribed fire), or organic herbicides, combined with reintroducing native species and long-term monitoring to 

prevent recurrence. 

This can be done by identifying the target areas like wildlife corridors, biodiversity hotspots & prioritizing the 

target species. Applying the chosen methods, manual/mechanical removal. Restoring by reintroduce native plants 

or ecosystem engineers like birds. Monitoring and Long-term surveillance for re-invasion is required. (Prior et al, 

2018) 

This method will help reclaim habitats and restore functions but can be costly and time-consuming. 

3.  Erosion Control: Ecosystem restoration through erosion control is a core strategy to stabilize soil, protect 

habitats, and improve water quality. It can be done by re-establishing natural defences like vegetation, trees, 

grasses, mulch, and structures  such as dams, which slow water, build soil health, and create self-sustaining 

environments, crucial for degraded lands, farmlands, and riparian zones (Sandeep et al, 2021).  

Vegetation is the most effective method as roots bind soil, foliage intercepts rain, and plants increase soil 

roughness, reducing wind/water impact, re-establishing local species by Native Plantings for resilience and 

increasing habitat cover. Afforestation/Reforestation by Planting trees significantly mitigates erosion. Often 

Combined with Vegetation, Structural Measures like Checking Dams & Rock Structures can slow water flow in 

streams, trap sediments, and help establish wetlands/riparian habitats. Terracing for levelling slopes and farmlands 

to reduce runoff (Nowak, et al, 2016).  

Soil Management through Mulching is done by covering bare soil with organic material protecting from sun, 

drying, and raindrops. This can reverse degradation by restoring function to damaged lands, from drylands to 

riverbanks, improves Ecosystem Services by providing cleaner water, better flood control, enhanced biodiversity, 

and improved soil fertility thus providing a sustainable solution (Prancevic et al., 2020). Water harvesting, reducing 

runoff, and planting perennials to restore plant cover and water infiltration in drylands. Erosion control will help 

in growing diverse crops, use of natural fertilizers, and reduced tillage build soil carbon and fertility. Using rock 

structures to create wetlands, improve habitats for fish, and extend growing seasons in riparian Zones. 
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4. Rewilding: Rewilding is a powerful form of ecosystem restoration focused on allowing nature run itself by 

restoring natural processes, often through reintroducing keystone species and creating habitat connectivity. It aims 

for protecting species to rebuilding entire functioning ecosystems, creating diverse landscapes, combating 

biodiversity loss, self-sustaining and mitigating climate change. Rewilding can be done by Restoring Natural 

Processes by resuming functions like grazing, predation, and nutrient cycling. Reintroducing Key Species by 

bringing back locally extinct animals, Linking protected areas to create wider, healthier habitats, reducing human  

interference, and Focus on Resilience. Requires careful planning and local engagement (Hugh D. Safford, V. Ramón 

Vallejo, 2019). 

5. Ecological Engineering: It is the application of ecological principles to design, restore and manage ecosystems 

for mutual human and nature benefit. This may recover damaged environments, like wetlands, rivers, and forests, 

aiming for self-sustaining systems that may then provide essential services like clean water and carbon storage. It 

can be done by providing tools and design for reconstruction & restoration of habitats (Land/River/wetlands), 

bioengineering, phytoremediation and creating sustainable systems (developing constructed wetlands for 

wastewater treatment or creating urban green spaces). This may require engineers and ecologists to work together, 

blending technical design with ecological understanding for effective outcomes (Stauber et al, 2016). 

4. Prescribed Burns: Also called controlled burns, are planned, expert-ignited fires used in ecosystem restoration 

for clearing undergrowth, recycling nutrients thus stimulating native plant growth (like seeds needing heat to open), 

reducing wildfire risk and controlling invasive species. This will help in improving habitat for fire-adapted wildlife, 

effectively restoring biodiversity and forest health by managing fuel loads and promoting resilient landscapes.  

Prescribed Burns Work in Restoration by removing built-up dead leaves, pine needles, and shrubs, preventing 

wildfires, returns nutrients from burned material to the soil, increasing fertility, triggers germination for fire-

dependent species (e.g., Lodgepole pines, certain lilies) and removes growth inhibitors, eliminates smaller, weaker 

trees and invasive plants, giving natives a better chance to thrive thus reducing competition for growth promoting 

habitat improvement. Prescribed fires can be done under specific weather, fuel, and landscape conditions by trained 

professionals only. 

5. Assisted Migration: Ecosystem restoration through assisted migration is a climate change adaptation strategy 

where humans intentionally move plants or animals (or their seeds/genes) to new areas where future climate will 

support them, overcoming natural barriers and the slow pace of natural migration to maintain biodiversity, 

ecosystem health, and services like forest productivity. It involves moving species within their range (assisted 

population migration) or beyond their historic boundaries (assisted species migration/colonization) to ensure they 

can thrive as climates shift (adaptational lag), helping ecosystems adapt faster than they could naturally. This will 

maintain ecosystem function, restore forests, enhance climate resilience and conserve species at-risk.  

 

 Types of Movement: 
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o Assisted Population Migration: Moving individuals within a species' current range to cooler, more suitable 

areas.  

o Assisted Range Expansion (Assisted Colonization): Moving species just outside their current range to track 

future conditions. 

o Assisted Species Migration: Moving species far beyond their historic range into entirely new areas. 

o Risks: Potential for introduced species to become invasive, genetic maladaptation leading unexpected ecological 

impacts. 

 

C. Ecosystem-Specific Studies: 

1. Fresh water (River/stream) restoration: Fresh water restoration aims to restore ecological health of rivers, 

streams, lakes by fixing degraded waterways, bringing them back natural form (shape) and function (water flow, 

sediment transport, floodplain connection) in order to improve biodiversity, water quality, flood management, and 

resilience to climate change. This can be done by methods like eliminating barriers (dam removal), reshaping 

channels by removing concrete. Reconnecting floodplains and riparian planting (establishing native vegetation 

along banks to stabilize soil and filter runoff). Restoration revitalizes these systems, providing cleaner water, better 

habitats, and more natural flood protection, benefiting both wildlife and human communities for generations. 

2. Marine and estuarine ecosystem restoration:  Human activities are increasingly altering the composition and 

integrity of our coastal and marine ecosystems. Land-use changes, increasing coastal urbanization and 

industrialization, population growth, altered water availability and quality. Restoration of these water bodies 

involves removing/reducing infrastructure development & pollution that act as stressors that help the degraded 

coastal areas recover thus restoring natural functions. This may be done using techniques like mangrove planting, 

salt marsh creation, oyster reef building and sediment management to boost biodiversity, improve water quality, 

mitigate climate change, and provide essential human benefits, despite technical/governance hurdles.  

Challenges: Requires collaboration between government, scientists and communities. Complexity of Estuaries as 

dynamic water bodies, making restoration complex. 

Forest Restoration: Forests restoration is a major component of the global movement to restore all degraded 

terrestrial and aquatic environments (wetlands, oceans, farmlands). It involves healing degraded woodlands by 

bringing back native trees, improving soil/water by planting more trees, managing invasive species, promoting 

agroforestry by integrating trees with agriculture. Integrating trees with arable crops and livestock, providing 

various soil-related ecological services and enhancing biodiversity). It reduces runoff, intercepts rainfall, and binds 

soil particles together, helping in erosion control (Liu et al., 2021). Forestation improves soil permeability and 

infiltration rates, reducing the risk of soil erosion. Forest restoration and forestation also contribute to the 

restoration of degraded landscapes, enhancing ecosystem services Forest restoration and forestation play a crucial 

role in mitigating soil erosion (Nur et al, 2023).  It helps in boosting biodiversity, aiming for healthy, resilient 
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https://www.google.com/search?q=riparian+planting&client=firefox-b-d&hs=F1zo&sca_esv=7059b957e07c44b7&ei=ktZDaYPwJNS_juMPt6HP2As&ved=2ahUKEwjvtcq79saRAxWNS2wGHeoeLnAQgK4QegQIARAP&uact=5&oq=Ecosystem+Restoration%3A+river%2Fstream+restoration&gs_lp=Egxnd3Mtd2l6LXNlcnAiL0Vjb3N5c3RlbSBSZXN0b3JhdGlvbjogcml2ZXIvc3RyZWFtIHJlc3RvcmF0aW9uMgUQIRigATIFECEYoAEyBRAhGKABMgUQIRigAUjQJVDIBVi4EXABeACQAQCYAYgEoAHpDaoBCTItMS4zLjAuMbgBA8gBAPgBAfgBApgCA6AC2wfCAg4QABiABBiwAxiGAxiKBcICCxAAGLADGKIEGIkFwgIIEAAYsAMY7wXCAgsQABiABBiRAhiKBcICBRAAGIAEmAMAiAYBkAYIkgcFMS40LTKgB7QbsgcDNC0yuAfHB8IHBTMtMi4xyAcwgAgA&sclient=gws-wiz-serp&mstk=AUtExfCiBvIhVzVLs3xKcboYdmC1LsBHdWs8cmni0dKM0DAdFzgaigWx20zBjTZhmqJJ6ldv1gTViL-Cdl4RCyE_J9rvYVdF33NqLdLJJFJMJle23RnoDv9IJLvAp-UgzBgGiaA&csui=3
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/aquatic-ecosystem
https://www.google.com/search?q=mangrove+planting&client=firefox-b-d&hs=fgKU&sca_esv=7059b957e07c44b7&ei=mtdDaa_dAreeseMPseazgAI&ved=2ahUKEwjH5dCm98aRAxVQ3zgGHfWbLasQgK4QegQIARAE&uact=5&oq=Ecosystem+Restoration%3A+marine%2Festuarine+systems+restoration&gs_lp=Egxnd3Mtd2l6LXNlcnAiO0Vjb3N5c3RlbSBSZXN0b3JhdGlvbjogbWFyaW5lL2VzdHVhcmluZSBzeXN0ZW1zIHJlc3RvcmF0aW9uMgUQABjvBTIFEAAY7wUyCBAAGIAEGKIEMgUQABjvBUjPYlC4B1j3XXABeAGQAQCYAZEHoAHDDKoBCzItMS4wLjEuMC4xuAEDyAEA-AEB-AECmAIEoAKuDcICChAAGLADGNYEGEfCAggQABgHGAoYHsICCxAAGIAEGIYDGIoFwgIIEAAYogQYiQWYAwCIBgGQBgeSBwsxLjMtMS4xLjAuMaAH8w2yBwkzLTEuMS4wLjG4B5sNwgcFMy0zLjHIB0aACAA&sclient=gws-wiz-serp&mstk=AUtExfDxHAXTBG8taf0coZtO0cloXBfFVGli1ajPNWlbgqlYS_pz9Mzl3n117XvPZ4EWAPWp9ctu7s4x_Vh7SEfnyXiM7gZ48kEkVjL7wBM8C3pX9gW_bSZF362RslQEZoCTBxU&csui=3
https://www.google.com/search?q=salt+marsh&client=firefox-b-d&hs=fgKU&sca_esv=7059b957e07c44b7&ei=mtdDaa_dAreeseMPseazgAI&ved=2ahUKEwjH5dCm98aRAxVQ3zgGHfWbLasQgK4QegQIARAF&uact=5&oq=Ecosystem+Restoration%3A+marine%2Festuarine+systems+restoration&gs_lp=Egxnd3Mtd2l6LXNlcnAiO0Vjb3N5c3RlbSBSZXN0b3JhdGlvbjogbWFyaW5lL2VzdHVhcmluZSBzeXN0ZW1zIHJlc3RvcmF0aW9uMgUQABjvBTIFEAAY7wUyCBAAGIAEGKIEMgUQABjvBUjPYlC4B1j3XXABeAGQAQCYAZEHoAHDDKoBCzItMS4wLjEuMC4xuAEDyAEA-AEB-AECmAIEoAKuDcICChAAGLADGNYEGEfCAggQABgHGAoYHsICCxAAGIAEGIYDGIoFwgIIEAAYogQYiQWYAwCIBgGQBgeSBwsxLjMtMS4xLjAuMaAH8w2yBwkzLTEuMS4wLjG4B5sNwgcFMy0zLjHIB0aACAA&sclient=gws-wiz-serp&mstk=AUtExfDxHAXTBG8taf0coZtO0cloXBfFVGli1ajPNWlbgqlYS_pz9Mzl3n117XvPZ4EWAPWp9ctu7s4x_Vh7SEfnyXiM7gZ48kEkVjL7wBM8C3pX9gW_bSZF362RslQEZoCTBxU&csui=3
https://www.google.com/search?q=oyster+reef&client=firefox-b-d&hs=fgKU&sca_esv=7059b957e07c44b7&ei=mtdDaa_dAreeseMPseazgAI&ved=2ahUKEwjH5dCm98aRAxVQ3zgGHfWbLasQgK4QegQIARAG&uact=5&oq=Ecosystem+Restoration%3A+marine%2Festuarine+systems+restoration&gs_lp=Egxnd3Mtd2l6LXNlcnAiO0Vjb3N5c3RlbSBSZXN0b3JhdGlvbjogbWFyaW5lL2VzdHVhcmluZSBzeXN0ZW1zIHJlc3RvcmF0aW9uMgUQABjvBTIFEAAY7wUyCBAAGIAEGKIEMgUQABjvBUjPYlC4B1j3XXABeAGQAQCYAZEHoAHDDKoBCzItMS4wLjEuMC4xuAEDyAEA-AEB-AECmAIEoAKuDcICChAAGLADGNYEGEfCAggQABgHGAoYHsICCxAAGIAEGIYDGIoFwgIIEAAYogQYiQWYAwCIBgGQBgeSBwsxLjMtMS4xLjAuMaAH8w2yBwkzLTEuMS4wLjG4B5sNwgcFMy0zLjHIB0aACAA&sclient=gws-wiz-serp&mstk=AUtExfDxHAXTBG8taf0coZtO0cloXBfFVGli1ajPNWlbgqlYS_pz9Mzl3n117XvPZ4EWAPWp9ctu7s4x_Vh7SEfnyXiM7gZ48kEkVjL7wBM8C3pX9gW_bSZF362RslQEZoCTBxU&csui=3
https://www.google.com/search?q=sediment+management&client=firefox-b-d&hs=fgKU&sca_esv=7059b957e07c44b7&ei=mtdDaa_dAreeseMPseazgAI&ved=2ahUKEwjH5dCm98aRAxVQ3zgGHfWbLasQgK4QegQIARAH&uact=5&oq=Ecosystem+Restoration%3A+marine%2Festuarine+systems+restoration&gs_lp=Egxnd3Mtd2l6LXNlcnAiO0Vjb3N5c3RlbSBSZXN0b3JhdGlvbjogbWFyaW5lL2VzdHVhcmluZSBzeXN0ZW1zIHJlc3RvcmF0aW9uMgUQABjvBTIFEAAY7wUyCBAAGIAEGKIEMgUQABjvBUjPYlC4B1j3XXABeAGQAQCYAZEHoAHDDKoBCzItMS4wLjEuMC4xuAEDyAEA-AEB-AECmAIEoAKuDcICChAAGLADGNYEGEfCAggQABgHGAoYHsICCxAAGIAEGIYDGIoFwgIIEAAYogQYiQWYAwCIBgGQBgeSBwsxLjMtMS4xLjAuMaAH8w2yBwkzLTEuMS4wLjG4B5sNwgcFMy0zLjHIB0aACAA&sclient=gws-wiz-serp&mstk=AUtExfDxHAXTBG8taf0coZtO0cloXBfFVGli1ajPNWlbgqlYS_pz9Mzl3n117XvPZ4EWAPWp9ctu7s4x_Vh7SEfnyXiM7gZ48kEkVjL7wBM8C3pX9gW_bSZF362RslQEZoCTBxU&csui=3
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ecosystems that provide clean air/water, store carbon, and support wildlife offering socio-economic and ecological 

benefits. It mainly focuses on resilience and adaptation to climate change (Wil De Jong, 2023). 

4. Agroecosystem Restoration: It involves reviving degraded farmland to boost biodiversity, soil fertility, water 

retention, and overall ecosystem services (food, climate resilience), making farms more productive and sustainable, 

not just for food but for healthy landscapes. This may be done by integrating trees and shrubs into crop and animal 

farming systems (Agroforestry), soil health improvement by using compost, cover crops and reduced tillage to 

build organic matter and soil life, improving soil's water-holding capacity and reducing runoff; Biodiversity 

Enhancement by  Planting diverse crops, creating habitats for beneficial insects, birds, and pollinators, 

Incorporating traditional farming practices for site-specific solutions together with sustainable management (Lal, 

2017). 

5. India’s Status on Ecosystem Restoration: 

India is actively restoring degraded ecosystems, making significant progress towards creating an additional carbon 

sink. It has pledged to restore 26 million hectares by 2030 under the Bonn Challenge and UNCCD. With challenges 

like widespread land degradation, major restoration efforts focusing on forests, wetlands and grasslands through 

various national programs and community involvement ()  

Key Restoration Initiatives & Progress: Singh & Mittal, 2025 

 Bonn Challenge Commitment: India aims to restore 26 million hectares of degraded land by 2030; over 18.94 

million hectares has already been restored, with current restoration efforts covering around 24.1 million hectares. 

 Carbon Sink Goal: India is working to create an additional 2.5 to 3 billion tonnes of carbon sink by 2030, with 

significant contributions from Tree Outside Forest (ToF) initiatives. 

 National Programs: Schemes like the National Afforestation Programme, Green India Mission, and National 

Mission for a Green India (NMGI) are central to these efforts, alongside state-level actions.  

Major Challenges: 

 Land Degradation due to unsustainable practices, deforestation, and overgrazing. (Hasan et al., 2020) 

 Biodiversity Hotspots under pressure due to a large population and livestock. 

Key Restoration Areas: 

 Forests: Restoring degraded forest landscapes, including tropical forests in the Himalayas. 

 Wetlands: Re-establishing water flow and native vegetation in wetlands, such as hill wetlands in the Nilgiri 

Biosphere Reserve. 

 Grasslands: Managing invasive species and restoring native plant diversity through manual removal, mowing, 

and controlled burning. 

http://www.jetir.org/
https://ioraecological.com/restoring-indias-land-a-journey-toward-resilience-and-prosperity/
https://www.google.com/search?q=Bonn+Challenge+Commitment&client=firefox-b-d&hs=ogKU&sca_esv=7059b957e07c44b7&ei=lNlDacOFFvuHg8UP_vOFiQ0&ved=2ahUKEwjijOqb-caRAxWPnmMGHZV2FzgQgK4QegQIBBAB&uact=5&oq=Ecosystem+Restoration%3A+Status+in+India&gs_lp=Egxnd3Mtd2l6LXNlcnAiJkVjb3N5c3RlbSBSZXN0b3JhdGlvbjogU3RhdHVzIGluIEluZGlhMgYQABgWGB4yBhAAGBYYHjILEAAYgAQYhgMYigUyBRAAGO8FMgUQABjvBTIIEAAYogQYiQUyBRAAGO8FSMGtAlDpigJYgKsCcAJ4AZABAJgBuQOgAbEpqgEHMi05LjYuMrgBA8gBAPgBAZgCEqAC2ijCAgoQABiwAxjWBBhHwgILEAAYgAQYkQIYigXCAgUQABiABMICCBAAGBYYChgewgIIEAAYgAQYogTCAgUQIRigAZgDAIgGAZAGCJIHCTIuMC43LjcuMqAHz1qyBwcyLTcuNy4yuAe1KMIHBzItNy44LjPIB9gBgAgA&sclient=gws-wiz-serp&mstk=AUtExfAyMdKyeNB6wIBpv_U9zKtsMOSc_dZY8UUqP23GKdQqlaguJIjrgZ_mm_FyB9k1u9e9UBEKa8li-wwbLGVN3PhKZHEm6HZPUCo4B7h2tQmnX9PqUNKxNsyTFSjL9L8k1oo&csui=3
https://www.google.com/search?q=National+Afforestation+Programme&client=firefox-b-d&hs=ogKU&sca_esv=7059b957e07c44b7&ei=lNlDacOFFvuHg8UP_vOFiQ0&ved=2ahUKEwjijOqb-caRAxWPnmMGHZV2FzgQgK4QegQIBBAE&uact=5&oq=Ecosystem+Restoration%3A+Status+in+India&gs_lp=Egxnd3Mtd2l6LXNlcnAiJkVjb3N5c3RlbSBSZXN0b3JhdGlvbjogU3RhdHVzIGluIEluZGlhMgYQABgWGB4yBhAAGBYYHjILEAAYgAQYhgMYigUyBRAAGO8FMgUQABjvBTIIEAAYogQYiQUyBRAAGO8FSMGtAlDpigJYgKsCcAJ4AZABAJgBuQOgAbEpqgEHMi05LjYuMrgBA8gBAPgBAZgCEqAC2ijCAgoQABiwAxjWBBhHwgILEAAYgAQYkQIYigXCAgUQABiABMICCBAAGBYYChgewgIIEAAYgAQYogTCAgUQIRigAZgDAIgGAZAGCJIHCTIuMC43LjcuMqAHz1qyBwcyLTcuNy4yuAe1KMIHBzItNy44LjPIB9gBgAgA&sclient=gws-wiz-serp&mstk=AUtExfAyMdKyeNB6wIBpv_U9zKtsMOSc_dZY8UUqP23GKdQqlaguJIjrgZ_mm_FyB9k1u9e9UBEKa8li-wwbLGVN3PhKZHEm6HZPUCo4B7h2tQmnX9PqUNKxNsyTFSjL9L8k1oo&csui=3
https://www.google.com/search?q=Green+India+Mission&client=firefox-b-d&hs=ogKU&sca_esv=7059b957e07c44b7&ei=lNlDacOFFvuHg8UP_vOFiQ0&ved=2ahUKEwjijOqb-caRAxWPnmMGHZV2FzgQgK4QegQIBBAF&uact=5&oq=Ecosystem+Restoration%3A+Status+in+India&gs_lp=Egxnd3Mtd2l6LXNlcnAiJkVjb3N5c3RlbSBSZXN0b3JhdGlvbjogU3RhdHVzIGluIEluZGlhMgYQABgWGB4yBhAAGBYYHjILEAAYgAQYhgMYigUyBRAAGO8FMgUQABjvBTIIEAAYogQYiQUyBRAAGO8FSMGtAlDpigJYgKsCcAJ4AZABAJgBuQOgAbEpqgEHMi05LjYuMrgBA8gBAPgBAZgCEqAC2ijCAgoQABiwAxjWBBhHwgILEAAYgAQYkQIYigXCAgUQABiABMICCBAAGBYYChgewgIIEAAYgAQYogTCAgUQIRigAZgDAIgGAZAGCJIHCTIuMC43LjcuMqAHz1qyBwcyLTcuNy4yuAe1KMIHBzItNy44LjPIB9gBgAgA&sclient=gws-wiz-serp&mstk=AUtExfAyMdKyeNB6wIBpv_U9zKtsMOSc_dZY8UUqP23GKdQqlaguJIjrgZ_mm_FyB9k1u9e9UBEKa8li-wwbLGVN3PhKZHEm6HZPUCo4B7h2tQmnX9PqUNKxNsyTFSjL9L8k1oo&csui=3
https://www.google.com/search?q=National+Mission+for+a+Green+India&client=firefox-b-d&hs=ogKU&sca_esv=7059b957e07c44b7&ei=lNlDacOFFvuHg8UP_vOFiQ0&ved=2ahUKEwjijOqb-caRAxWPnmMGHZV2FzgQgK4QegQIBBAG&uact=5&oq=Ecosystem+Restoration%3A+Status+in+India&gs_lp=Egxnd3Mtd2l6LXNlcnAiJkVjb3N5c3RlbSBSZXN0b3JhdGlvbjogU3RhdHVzIGluIEluZGlhMgYQABgWGB4yBhAAGBYYHjILEAAYgAQYhgMYigUyBRAAGO8FMgUQABjvBTIIEAAYogQYiQUyBRAAGO8FSMGtAlDpigJYgKsCcAJ4AZABAJgBuQOgAbEpqgEHMi05LjYuMrgBA8gBAPgBAZgCEqAC2ijCAgoQABiwAxjWBBhHwgILEAAYgAQYkQIYigXCAgUQABiABMICCBAAGBYYChgewgIIEAAYgAQYogTCAgUQIRigAZgDAIgGAZAGCJIHCTIuMC43LjcuMqAHz1qyBwcyLTcuNy4yuAe1KMIHBzItNy44LjPIB9gBgAgA&sclient=gws-wiz-serp&mstk=AUtExfAyMdKyeNB6wIBpv_U9zKtsMOSc_dZY8UUqP23GKdQqlaguJIjrgZ_mm_FyB9k1u9e9UBEKa8li-wwbLGVN3PhKZHEm6HZPUCo4B7h2tQmnX9PqUNKxNsyTFSjL9L8k1oo&csui=3
https://www.google.com/search?q=National+Mission+for+a+Green+India&client=firefox-b-d&hs=ogKU&sca_esv=7059b957e07c44b7&ei=lNlDacOFFvuHg8UP_vOFiQ0&ved=2ahUKEwjijOqb-caRAxWPnmMGHZV2FzgQgK4QegQIBBAG&uact=5&oq=Ecosystem+Restoration%3A+Status+in+India&gs_lp=Egxnd3Mtd2l6LXNlcnAiJkVjb3N5c3RlbSBSZXN0b3JhdGlvbjogU3RhdHVzIGluIEluZGlhMgYQABgWGB4yBhAAGBYYHjILEAAYgAQYhgMYigUyBRAAGO8FMgUQABjvBTIIEAAYogQYiQUyBRAAGO8FSMGtAlDpigJYgKsCcAJ4AZABAJgBuQOgAbEpqgEHMi05LjYuMrgBA8gBAPgBAZgCEqAC2ijCAgoQABiwAxjWBBhHwgILEAAYgAQYkQIYigXCAgUQABiABMICCBAAGBYYChgewgIIEAAYgAQYogTCAgUQIRigAZgDAIgGAZAGCJIHCTIuMC43LjcuMqAHz1qyBwcyLTcuNy4yuAe1KMIHBzItNy44LjPIB9gBgAgA&sclient=gws-wiz-serp&mstk=AUtExfAyMdKyeNB6wIBpv_U9zKtsMOSc_dZY8UUqP23GKdQqlaguJIjrgZ_mm_FyB9k1u9e9UBEKa8li-wwbLGVN3PhKZHEm6HZPUCo4B7h2tQmnX9PqUNKxNsyTFSjL9L8k1oo&csui=3
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 Mangroves & Coastal Zones: Replanting mangroves and conserving marine/coastal areas. 

Approaches: 

 Community-Driven Conservation: Involving local communities in conservation and restoration efforts. 

 Economic Incentives: Using invasive species for economic benefit (e.g., dye production) to fund restoration and 

reduce reinvasion. 

 Integrated Management: Addressing land and water management across various national missions.  

Major Achievements: 

 Significant increase in forest cover and overall vegetation. 

 Halting desertification trends, turning desertification from an increase to a net reduction. 

 Enhanced carbon sequestration, soil retention, and water yield. 

Challenges & Future Directions: 

 Balancing economic development with ecological conservation. 

 Developing detailed operational guidelines for Nature-based Solutions (NbS). 

 Proper integration of socio-economic factors into restoration. 

 Establishing comprehensive evaluation systems beyond species diversity. 

 

D. Evaluation & Monitoring of Measures taken for Ecosystem Restoration: 

1. Developing Indicator System: It involves creating measurable ecological, social and economic indices to track 

progress towards ecosystem restoration goals, focusing on key attributes like soil health, biodiversity, 

function/structure (nutrient cycling, water regulation), and integrating spatial/temporal data to track changes 

against baseline conditions. It is crucial for guiding projects like those in the UN Decade on Ecosystem Restoration 

(2021-2030) using frameworks like Restoration Wheel (physical, species, structure, function, external, threats) or 

UN Decade standards (assessment, planning, implementation, management, monitoring), for adaptive 

management. Standards developed with SER, IUCN, and FAO provide guidance for effective, goal-oriented 

restoration. By using robust indicator systems, restoration projects can scientifically assess success, learn from 

failures, and optimize outcomes for both nature and people 

2. Assessment of Long term Ecosystem restoration effectiveness: Assessing long-term ecosystem restoration 

effectiveness requires sustained monitoring using methods like remote sensing and BACI (Before-After-Control-

Impact), It may help track recovery of structure (like vegetation) and function (like services) against reference 

http://www.jetir.org/
https://www.google.com/search?q=BACI+%28Before-After-Control-Impact%29&client=firefox-b-d&hs=jgKU&sca_esv=7059b957e07c44b7&ei=kNhDaaPlGI3DjuMPzpu48Aw&ved=2ahUKEwigoOiO-MaRAxXo8TgGHVYRApQQgK4QegQIARAE&uact=5&oq=Ecosystem+Restoration%3A+assessing+long-term+effectiveness&gs_lp=Egxnd3Mtd2l6LXNlcnAiOEVjb3N5c3RlbSBSZXN0b3JhdGlvbjogYXNzZXNzaW5nIGxvbmctdGVybSBlZmZlY3RpdmVuZXNzMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYgAQYogRIphZQ2wVY_w9wAXgAkAEAmAGEA6ABwgmqAQUyLTIuMrgBA8gBAPgBAfgBApgCBKAChwfCAg4QABiABBiwAxiGAxiKBcICCBAAGLADGO8FwgILEAAYgAQYsAMYogTCAgYQABgWGB7CAggQABgIGA0YHsICCxAAGIAEGIYDGIoFwgIFEAAY7wXCAgsQABiABBiRAhiKBcICBRAAGIAEmAMAiAYBkAYGkgcHMS4wLjIuMaAH8BWyBwUyLTIuMbgH9AbCBwcyLTEuMi4xyAczgAgA&sclient=gws-wiz-serp&mstk=AUtExfCdMIY4a8YC-tpIso2iTXrtCoD_1IAH84nEIMNbaDB_YyZV75dZTV5Dy2ln4vWl8S02elBPaYbdb1NWWaYg4m32OfNUkI5rEdP8IDTi61FattZbW47-QghLKQ9_3ouGfpQ&csui=3
https://www.google.com/search?q=BACI+%28Before-After-Control-Impact%29&client=firefox-b-d&hs=jgKU&sca_esv=7059b957e07c44b7&ei=kNhDaaPlGI3DjuMPzpu48Aw&ved=2ahUKEwigoOiO-MaRAxXo8TgGHVYRApQQgK4QegQIARAE&uact=5&oq=Ecosystem+Restoration%3A+assessing+long-term+effectiveness&gs_lp=Egxnd3Mtd2l6LXNlcnAiOEVjb3N5c3RlbSBSZXN0b3JhdGlvbjogYXNzZXNzaW5nIGxvbmctdGVybSBlZmZlY3RpdmVuZXNzMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYgAQYogRIphZQ2wVY_w9wAXgAkAEAmAGEA6ABwgmqAQUyLTIuMrgBA8gBAPgBAfgBApgCBKAChwfCAg4QABiABBiwAxiGAxiKBcICCBAAGLADGO8FwgILEAAYgAQYsAMYogTCAgYQABgWGB7CAggQABgIGA0YHsICCxAAGIAEGIYDGIoFwgIFEAAY7wXCAgsQABiABBiRAhiKBcICBRAAGIAEmAMAiAYBkAYGkgcHMS4wLjIuMaAH8BWyBwUyLTIuMbgH9AbCBwcyLTEuMi4xyAczgAgA&sclient=gws-wiz-serp&mstk=AUtExfCdMIY4a8YC-tpIso2iTXrtCoD_1IAH84nEIMNbaDB_YyZV75dZTV5Dy2ln4vWl8S02elBPaYbdb1NWWaYg4m32OfNUkI5rEdP8IDTi61FattZbW47-QghLKQ9_3ouGfpQ&csui=3
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conditions, accounting for natural variability and climate change. It intimates success often involves halting 

degradation with tailored interventions crucial for different ecosystems.  

Effective Assessment Strategies: 

Reference Conditions: Compare sites to ideal, less-disturbed ecosystems (or intermediate stages) as benchmarks. 

BACI Design: Compare data from treated sites (Impact) before and after intervention to untreated sites (Control).  

Remote Sensing: Satellite imagery provides broad, repeated coverage for tracking vegetation, land cover, and 

changes over time (Escribano et al, 2017).  

Multi-Metric Approach: Assess multiple indicators (biodiversity, soil, water, services) rather than just one.  

Key Challenges in Assessment: 

Time Lags: Natural succession is slow; benefits aren't immediate, requiring long timelines. 

Spatial & Temporal Scale: Large areas, difficult access, and natural climate cycles complicate monitoring. 

Attribution: Distinguishing restoration impact from natural environmental shifts is tough. 

Economic Constraints: Long-term funding for monitoring is often limited.  

Frameworks & Standards: 

UN Decade on Ecosystem Restoration (2021-2030): Highlights global commitment, pushing for rigorous M&E 

(Monitoring & Evaluation). SER Standards & IUCN Guidance: Provide frameworks for practice and assessment, 

emphasizing collaboration and evidence-based action. 

3. Monitoring processes like nutrient cycling: Ecosystem restoration aims to revive natural functions like 

nutrient cycling, a fundamental process, alongside energy flow where elements (C, N, P) move through organisms 

and environment, supporting life. Monitoring nutrient cycles involves tracking soil microbes, organic matter 

decomposition, plant nutrient uptake, and the flow through food webs (plants, animals, decomposers) to ensure 

soil health, water purification, and ecosystem resilience, moving beyond just plant counts to confirm long-term 

success. Key methods include measuring soil chemistry, microbial activity, biomass, and using reference sites as 

benchmarks for recovery and self-sustaining ecosystem. This monitoring acts an indicator of health as slow cycling 

(due to contamination or low microbial activity) signals poor soil, nutrient deficiency, erosion, and impaired water 

filtration. tracking processes like nutrient cycling confirms true recovery as short-term monitoring of just plants 

becomes insufficient (Vincent et al, 2021). 

Key Nutrients & Processes to Monitor: 

 Carbon (C): Sequestration in soil/biomass, greenhouse gas emissions. 

 Nitrogen (N) & Phosphorus (P): Availability in soil, uptake by plants, transfer through food web. 

 Decomposition: Rate of organic matter breakdown by soil microbes. 

http://www.jetir.org/
https://www.google.com/search?q=BACI+Design&client=firefox-b-d&hs=jgKU&sca_esv=7059b957e07c44b7&ei=kNhDaaPlGI3DjuMPzpu48Aw&ved=2ahUKEwigoOiO-MaRAxXo8TgGHVYRApQQgK4QegQIBRAC&uact=5&oq=Ecosystem+Restoration%3A+assessing+long-term+effectiveness&gs_lp=Egxnd3Mtd2l6LXNlcnAiOEVjb3N5c3RlbSBSZXN0b3JhdGlvbjogYXNzZXNzaW5nIGxvbmctdGVybSBlZmZlY3RpdmVuZXNzMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYgAQYogRIphZQ2wVY_w9wAXgAkAEAmAGEA6ABwgmqAQUyLTIuMrgBA8gBAPgBAfgBApgCBKAChwfCAg4QABiABBiwAxiGAxiKBcICCBAAGLADGO8FwgILEAAYgAQYsAMYogTCAgYQABgWGB7CAggQABgIGA0YHsICCxAAGIAEGIYDGIoFwgIFEAAY7wXCAgsQABiABBiRAhiKBcICBRAAGIAEmAMAiAYBkAYGkgcHMS4wLjIuMaAH8BWyBwUyLTIuMbgH9AbCBwcyLTEuMi4xyAczgAgA&sclient=gws-wiz-serp&mstk=AUtExfCdMIY4a8YC-tpIso2iTXrtCoD_1IAH84nEIMNbaDB_YyZV75dZTV5Dy2ln4vWl8S02elBPaYbdb1NWWaYg4m32OfNUkI5rEdP8IDTi61FattZbW47-QghLKQ9_3ouGfpQ&csui=3
https://www.google.com/search?q=Remote+Sensing&client=firefox-b-d&hs=jgKU&sca_esv=7059b957e07c44b7&ei=kNhDaaPlGI3DjuMPzpu48Aw&ved=2ahUKEwigoOiO-MaRAxXo8TgGHVYRApQQgK4QegQIBRAE&uact=5&oq=Ecosystem+Restoration%3A+assessing+long-term+effectiveness&gs_lp=Egxnd3Mtd2l6LXNlcnAiOEVjb3N5c3RlbSBSZXN0b3JhdGlvbjogYXNzZXNzaW5nIGxvbmctdGVybSBlZmZlY3RpdmVuZXNzMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYgAQYogRIphZQ2wVY_w9wAXgAkAEAmAGEA6ABwgmqAQUyLTIuMrgBA8gBAPgBAfgBApgCBKAChwfCAg4QABiABBiwAxiGAxiKBcICCBAAGLADGO8FwgILEAAYgAQYsAMYogTCAgYQABgWGB7CAggQABgIGA0YHsICCxAAGIAEGIYDGIoFwgIFEAAY7wXCAgsQABiABBiRAhiKBcICBRAAGIAEmAMAiAYBkAYGkgcHMS4wLjIuMaAH8BWyBwUyLTIuMbgH9AbCBwcyLTEuMi4xyAczgAgA&sclient=gws-wiz-serp&mstk=AUtExfCdMIY4a8YC-tpIso2iTXrtCoD_1IAH84nEIMNbaDB_YyZV75dZTV5Dy2ln4vWl8S02elBPaYbdb1NWWaYg4m32OfNUkI5rEdP8IDTi61FattZbW47-QghLKQ9_3ouGfpQ&csui=3
https://www.google.com/search?q=SER+Standards&client=firefox-b-d&hs=jgKU&sca_esv=7059b957e07c44b7&ei=kNhDaaPlGI3DjuMPzpu48Aw&ved=2ahUKEwigoOiO-MaRAxXo8TgGHVYRApQQgK4QegQIChAC&uact=5&oq=Ecosystem+Restoration%3A+assessing+long-term+effectiveness&gs_lp=Egxnd3Mtd2l6LXNlcnAiOEVjb3N5c3RlbSBSZXN0b3JhdGlvbjogYXNzZXNzaW5nIGxvbmctdGVybSBlZmZlY3RpdmVuZXNzMggQABiABBiiBDIIEAAYogQYiQUyCBAAGIAEGKIEMggQABiABBiiBDIIEAAYgAQYogRIphZQ2wVY_w9wAXgAkAEAmAGEA6ABwgmqAQUyLTIuMrgBA8gBAPgBAfgBApgCBKAChwfCAg4QABiABBiwAxiGAxiKBcICCBAAGLADGO8FwgILEAAYgAQYsAMYogTCAgYQABgWGB7CAggQABgIGA0YHsICCxAAGIAEGIYDGIoFwgIFEAAY7wXCAgsQABiABBiRAhiKBcICBRAAGIAEmAMAiAYBkAYGkgcHMS4wLjIuMaAH8BWyBwUyLTIuMbgH9AbCBwcyLTEuMi4xyAczgAgA&sclient=gws-wiz-serp&mstk=AUtExfCdMIY4a8YC-tpIso2iTXrtCoD_1IAH84nEIMNbaDB_YyZV75dZTV5Dy2ln4vWl8S02elBPaYbdb1NWWaYg4m32OfNUkI5rEdP8IDTi61FattZbW47-QghLKQ9_3ouGfpQ&csui=3
https://www.google.com/search?q=nutrient+cycling&client=firefox-b-d&hs=2Lf9&sca_esv=7059b957e07c44b7&ei=u9hDaZKMJrWe4-EPlZ7hkAU&ved=2ahUKEwiF07W6-MaRAxWOd2wGHaRELmoQgK4QegQIARAB&uact=5&oq=Ecosystem+Restoration%3A+monitoring+processes+like+nutrient+cycling&gs_lp=Egxnd3Mtd2l6LXNlcnAiQUVjb3N5c3RlbSBSZXN0b3JhdGlvbjogbW9uaXRvcmluZyBwcm9jZXNzZXMgbGlrZSBudXRyaWVudCBjeWNsaW5nSJMZUN4EWNYRcAF4AJABAJgBvwKgAaQKqgEFMi00LjG4AQPIAQD4AQH4AQKYAgKgAoYCwgILEAAYgAQYsAMYogTCAgsQABiwAxiiBBiJBcICCxAAGIAEGJECGIoFwgIFEAAYgASYAwCIBgGQBgWSBwUxLjAuMaAH7xWyBwMyLTG4B_QBwgcFMy0xLjHIByGACAA&sclient=gws-wiz-serp&mstk=AUtExfAeee5ApaeQMJUQ5AlTPG6CymII9qIOuPEe6llGAE9j0pNLfrPNmZJe19vd3XJO0LXle3XclRnbZq5L0RQxacLS0fd0tGOQxFjTtkddZ0XmrRpcFUULtBfDGSbzz-5wn6M&csui=3
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 Microbial Activity: Health and abundance of beneficial soil bacteria.  

How to Monitor: 

1. Select Indicators: Choose metrics like soil nutrient levels, microbial biomass, litter decomposition rates, and 

plant nutrient content. 

2. Use Reference Sites: Compare restored area to a similar, healthy ecosystem (a "reference condition") to set 

targets. 

3. Track Changes: Repeated measurements (long-term) to see trends in nutrients, organic matter, and microbial 

communities. 

Tools & Techniques: 

 Soil Sampling: For chemical analysis (N, P, C) and microbial counts (Prashanth et al., 2022) 

 Biomass & Litter Traps: To measure organic matter input and decay. 

 Photosynthesis/Respiration Measurements: To track carbon cycles. 

 Biochar Application: A restoration tool to enhance soil health, but needs monitoring for effectiveness.  

By focusing on this restoration efforts ensure that restored sites can provide essential services like clean water, 

fertile soil, and climate resilience, not just look green.  

4. Monitoring processes like water purification: Ecosystem restoration for water purification uses nature's own 

processes, like wetlands, forests, and microbial action, acting as natural water treatment systems that supplement 

or replace artificial methods. Key methods to filter and break down pollutants,  involve phytoremediation (using 

plants like cattails, water hyacinth to absorb nutrients/metals), biofiltration (harnessing beneficial microbes 

degrading organics), bioremediation, creating constructed wetlands for wastewater, and managing riparian buffers 

(riverbank vegetation) & reforestation, to stop runoff, trap sediment and pollutants, and improve water infiltration 

into the ground, all restoring water quality, biodiversity, and ecosystem services like flood control. Treating and 

reusing reclaimed water for environmental purposes like wetland rejuvenation or aquifer recharge can also help 

conserve and reusing water (Steinhoff-Knopp et al. 2021).  

Benefits of Ecosystem-Based Purification: Improved Water Quality, enhanced Biodiversity, healthy habitats for 

wildlife, flood & erosion control, economic & aesthetic value, climate resilience. 

 

 

 

E. Policy & Socioeconomics: 

Integrating restoration with climate change mitigation: 

Ecosystem restoration integrates with climate change mitigation by restoring natural carbon sinks (forests, 

wetlands) to absorb CO2, while simultaneously boosting resilience to climate impacts (droughts, storms), acting 

as a powerful Nature-based Solution (NbS) with benefits like food security and biodiversity. Key strategies include 

reforestation, agroforestry and wetland restoration, while ensuring inclusive planning for sustainable outcomes.  

http://www.jetir.org/
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https://www.google.com/search?q=forests&client=firefox-b-d&hs=mgKU&sca_esv=7059b957e07c44b7&ei=F9lDaeKQBbCP4-EPg7TuoQ4&ved=2ahUKEwjo55L2-MaRAxVNRCoJHRFdChQQgK4QegQIARAF&uact=5&oq=Ecosystem+Restoration%3A+water+purification&gs_lp=Egxnd3Mtd2l6LXNlcnAiKUVjb3N5c3RlbSBSZXN0b3JhdGlvbjogd2F0ZXIgcHVyaWZpY2F0aW9uMgUQIRigATIFECEYoAFI6hpQyQVYjBNwAXgAkAEAmAG_AqABxwyqAQUyLTUuMbgBA8gBAPgBAfgBApgCA6ACpQbCAgYQABgWGB7CAgsQABiABBiGAxiKBcICCBAAGIAEGKIEwgILEAAYgAQYkQIYigXCAgUQABiABJgDAIgGAZIHAzItM6AH3R2yBwMyLTO4B6UGwgcHMi0xLjEuMcgHJYAIAA&sclient=gws-wiz-serp&mstk=AUtExfAle8URotXqhNjg2YSGvTKlyXNggcWLasCJvfs-UqaDi_cwFx3tWS0TT2b6VZyoiHGVJENci_H0yfl_SUK9kno6pHI78dYRxLjyVAU3E0RBwRS9sxN-BhJUCvKThuINWXw&csui=3
https://www.google.com/search?q=microbial&client=firefox-b-d&hs=mgKU&sca_esv=7059b957e07c44b7&ei=F9lDaeKQBbCP4-EPg7TuoQ4&ved=2ahUKEwjo55L2-MaRAxVNRCoJHRFdChQQgK4QegQIARAG&uact=5&oq=Ecosystem+Restoration%3A+water+purification&gs_lp=Egxnd3Mtd2l6LXNlcnAiKUVjb3N5c3RlbSBSZXN0b3JhdGlvbjogd2F0ZXIgcHVyaWZpY2F0aW9uMgUQIRigATIFECEYoAFI6hpQyQVYjBNwAXgAkAEAmAG_AqABxwyqAQUyLTUuMbgBA8gBAPgBAfgBApgCA6ACpQbCAgYQABgWGB7CAgsQABiABBiGAxiKBcICCBAAGIAEGKIEwgILEAAYgAQYkQIYigXCAgUQABiABJgDAIgGAZIHAzItM6AH3R2yBwMyLTO4B6UGwgcHMi0xLjEuMcgHJYAIAA&sclient=gws-wiz-serp&mstk=AUtExfAle8URotXqhNjg2YSGvTKlyXNggcWLasCJvfs-UqaDi_cwFx3tWS0TT2b6VZyoiHGVJENci_H0yfl_SUK9kno6pHI78dYRxLjyVAU3E0RBwRS9sxN-BhJUCvKThuINWXw&csui=3
https://www.google.com/search?q=riparian+buffers&client=firefox-b-d&hs=mgKU&sca_esv=7059b957e07c44b7&ei=F9lDaeKQBbCP4-EPg7TuoQ4&ved=2ahUKEwjo55L2-MaRAxVNRCoJHRFdChQQgK4QegQIARAH&uact=5&oq=Ecosystem+Restoration%3A+water+purification&gs_lp=Egxnd3Mtd2l6LXNlcnAiKUVjb3N5c3RlbSBSZXN0b3JhdGlvbjogd2F0ZXIgcHVyaWZpY2F0aW9uMgUQIRigATIFECEYoAFI6hpQyQVYjBNwAXgAkAEAmAG_AqABxwyqAQUyLTUuMbgBA8gBAPgBAfgBApgCA6ACpQbCAgYQABgWGB7CAgsQABiABBiGAxiKBcICCBAAGIAEGKIEwgILEAAYgAQYkQIYigXCAgUQABiABJgDAIgGAZIHAzItM6AH3R2yBwMyLTO4B6UGwgcHMi0xLjEuMcgHJYAIAA&sclient=gws-wiz-serp&mstk=AUtExfAle8URotXqhNjg2YSGvTKlyXNggcWLasCJvfs-UqaDi_cwFx3tWS0TT2b6VZyoiHGVJENci_H0yfl_SUK9kno6pHI78dYRxLjyVAU3E0RBwRS9sxN-BhJUCvKThuINWXw&csui=3


© 2025 JETIR December 2025, Volume 12, Issue 12                                                        www.jetir.org (ISSN-2349-5162) 

JETIR2512619 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g139 

 

How Restoration Mitigates Climate Change  

Carbon Sequestration: Restored ecosystems, like forests, wetlands, and grasslands, enhance their capacity to 

capture and store atmospheric carbon dioxide, reducing greenhouse gas concentrations. 

Reduced Emissions: Restoring degraded lands also prevents further carbon release from sources like deforestation 

and intensive land management. 

Increased Climate Resilience: Healthy ecosystems are more resilient to climate stressors like extreme weather, 

helping communities and economies cope with impacts. 

Agroforestry improves soil health, moderate temperatures, and enhance food security, providing buffers against 

climate variability, reports this UN Decade on Restoration article.  

Key Restoration Approaches & Examples  

Reforestation & Afforestation: Planting trees in degraded or new areas. 

Agroforestry: Integrating trees into farming and grazing lands for productivity and resilience. 

Wetland & Coastal Restoration: Protecting and restoring mangroves, seagrass, and coral reefs, which are vital 

carbon sinks and buffers against sea-level rise. 

Dam Removal: Small dam removal can restore stream health and climate resilience. 

Challenges & Considerations 

Trade-offs: Maximizing biodiversity, carbon, or social benefits simultaneously isn't always possible; careful 

planning is needed 

Feasibility: Overstating benefits risks undermining core emission reductions from energy/industry;  

requires realistic goals. 

Policy Challenges:  

Ecosystem restoration faces policy challenges like securing long-term funding, aligning fragmented policies, 

ensuring community participation, overcoming technical hurdles (like monitoring and appropriate species 

selection), addressing root causes (like harmful subsidies), and integrating socio-economic needs with ecological 

goals, all while tackling climate change impacts that make restoration harder. Policies often fail at implementation 

due to a lack of follow-through, leading to wasted efforts and the need for innovation in financing and governance 

(Lewis, C., 1996). 

Policy Solutions & Approaches: 

Integrate Policies: Link restoration with other sectors like food, water, and climate policies. 

Innovative Finance: Develop novel mechanisms, business opportunities, and payments for ecosystem services to 

attract long-term investment. 

Empower Communities: Ensure inclusive participation, local ownership, and income-generating activities to build 

resilience. 

http://www.jetir.org/
https://www.google.com/search?q=Innovative+Finance&client=firefox-b-d&hs=FMf9&sca_esv=7059b957e07c44b7&ei=r9tDacm-D8eW4-EP0qe6uQk&ved=2ahUKEwjX3NiQ-8aRAxXD-zgGHfqjNHcQgK4QegQIBhAC&uact=5&oq=Ecosystem+Restoration%3A+policy+challenges&gs_lp=Egxnd3Mtd2l6LXNlcnAiKEVjb3N5c3RlbSBSZXN0b3JhdGlvbjogcG9saWN5IGNoYWxsZW5nZXMyBRAhGKABMgUQIRigAUicHVCWBlicFnABeAGQAQCYAdMDoAHtCaoBBzItMy4wLjG4AQPIAQD4AQH4AQKYAgSgArIIwgIKEAAYsAMY1gQYR8ICCBAAGIAEGKIEwgILEAAYgAQYkQIYigXCAgUQABiABJgDAIgGAZAGCJIHCTEuMC4yLjAuMaAHmRGyBwcyLTIuMC4xuAeZCMIHBzItMS4yLjHIBzqACAA&sclient=gws-wiz-serp&mstk=AUtExfBBX1UHbXCgI2dCLMgCFurlQCnXuy5kJZog7tK6klq5toRvSWDP7LJIKeGYrhxU2wJ4_YGx-7IiCVUbT6VDdAVlSc9lIcaLykxQUFJncWAmFi1bXh5Ym1Pr4NNR7bhkju0&csui=3
https://www.google.com/search?q=Empower+Communities&client=firefox-b-d&hs=FMf9&sca_esv=7059b957e07c44b7&ei=r9tDacm-D8eW4-EP0qe6uQk&ved=2ahUKEwjX3NiQ-8aRAxXD-zgGHfqjNHcQgK4QegQIBhAE&uact=5&oq=Ecosystem+Restoration%3A+policy+challenges&gs_lp=Egxnd3Mtd2l6LXNlcnAiKEVjb3N5c3RlbSBSZXN0b3JhdGlvbjogcG9saWN5IGNoYWxsZW5nZXMyBRAhGKABMgUQIRigAUicHVCWBlicFnABeAGQAQCYAdMDoAHtCaoBBzItMy4wLjG4AQPIAQD4AQH4AQKYAgSgArIIwgIKEAAYsAMY1gQYR8ICCBAAGIAEGKIEwgILEAAYgAQYkQIYigXCAgUQABiABJgDAIgGAZAGCJIHCTEuMC4yLjAuMaAHmRGyBwcyLTIuMC4xuAeZCMIHBzItMS4yLjHIBzqACAA&sclient=gws-wiz-serp&mstk=AUtExfBBX1UHbXCgI2dCLMgCFurlQCnXuy5kJZog7tK6klq5toRvSWDP7LJIKeGYrhxU2wJ4_YGx-7IiCVUbT6VDdAVlSc9lIcaLykxQUFJncWAmFi1bXh5Ym1Pr4NNR7bhkju0&csui=3
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Focus on Fundamentals: Design projects based on ecological processes, not just tree numbers, prioritizing native 

diversity and species suitability. 

Improve Monitoring: Develop practical, robust monitoring systems linked to specific project objectives. 

Address Root Causes: Reform policies that drive land degradation, such as poorly targeted subsidies. 

Cultural Integration: Use cultural approaches to build local affinity and long-term stewardship for restoration 

efforts.  

Key Benefits Beyond Biodiversity: 

 Climate Mitigation: Absorbs greenhouse gases (carbon sequestration). 

 Water Security: Improves water quality and cycles. 

 Economic Gains: Creates jobs, supports ecotourism, boosts food/timber yields. 

 Poverty Reduction: Contributes to sustainable livelihoods.  

Opportunities for Ecosystem Restoration:  

Economic opportunities 

 Prevent economic losses: Preventing the decline of ecosystem services could decline losses of more than 9 

trillion in global income by 2050. (Rohr et al., 2018) 

 Generate services and growth: Restoring ecosystems through different habitats could generate trillions in 

ecosystem services, exceeding the investment costs. (Aronson, J.,2020) 

 Create jobs: Restoration projects can provide employment thus supporting the local economies. 

Climate change opportunities 

 Mitigation: Restoring forests, peatlands, and mangroves can help remove greenhouse gases from the 

atmosphere, contributing to climate change mitigation. (Huxel and Hastings, 1999) 

 Adaptation: Restoring coastal wetlands can protect against storm damage, restoring forests can improve water 

supplies. 

 Building resilience: Restoration efforts build resilient landscapes and communities that are better prepared for 

climate impacts.  

Food and water security opportunities 

 Boost food production: Restoring degraded farmland through practices like agroforestry can increase food 

security for billions of people. (Bullock et al, 2011) 

http://www.jetir.org/
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 Ensure clean water: Restoring forests and implementing better farm practices can help reduce water pollution 

for cities and ensure reliable water supplies. (Fahrig, L. 1997). 

 Protect fisheries: Restoring coastal habitats like seagrass meadows supports fish populations that are crucial 

for coastal communities. (Loehle & Li, 1996) 

Biodiversity and health opportunities 

 Prevent extinctions: Restoring degraded lands in priority areas could prevent species extinction. (Fahrig, 

L. 1997). 

 Improve human health: Sustainable development in urban areas can improve air quality, reduce heat and boost 

socio-economic well-being.  

Challenges for Ecosystem Restoration:  

Challenges in restoration ecology include ecological complexities like loss of species and disrupted relationships, 

climate change impacts, and practical issues such as limited funding and the need for better monitoring tools. Other 

difficulties involve societal factors like balancing competing land-use demands and integrating restoration into 

local communities, which requires considering diverse stakeholder needs and adapting strategies to specific 

contexts.  

Ecological and scientific challenges 

 Complexity of ecosystems: It is difficult to recreate complex historical relationships between species, 

especially since many have gone extinct.  

 Invasive species: Invasive species disrupt existing ecological relationships, making it harder to restore native 

communities.  

 Climate change: Future climate change adds uncertainty, as it can alter environmental conditions and increase 

natural disturbances like fires and insect outbreaks, affecting restoration outcomes.  

Practical and logistical challenges 

 Funding: Restoration projects are often expensive and require significant resources for planning, maintenance, 

and long-term monitoring.  

 Monitoring: Beyond just biodiversity, there is a need for more effective and affordable tools to monitor a wide 

range of outcomes, including soil health and hydrological changes.  

 Scale: Scaling up local restoration efforts to have a large-scale impact is difficult because every site has a unique 

context that requires tailored interventions.  

 

Conclusion: 

http://www.jetir.org/


© 2025 JETIR December 2025, Volume 12, Issue 12                                                        www.jetir.org (ISSN-2349-5162) 

JETIR2512619 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g142 

 

Although anthropogenic activities are a major cause of environmental degradation, ecological restoration in diverse 

ecosystems offers opportunities for sustainable development with enhancement of biodiversity along with scientific 

and technical research. An increase in restoration projects is needed to halt environmental degradation and 

biodiversity loss. We need widespread expansion of agricultural management based on ecological knowledge: 

biodiversity-based agricultural practices, organic farming, agroforestry systems, learning from traditional 

practices, highly specific actions to benefit wildlife and particular ecosystem services. Financial support, public 

awareness, education and training are necessary to accomplish such objectives. Restoration actions can act as an 

engine of economy and a source of green employment. 

The Goal: To create functioning, self-sustaining ecosystems that provide benefits to people and nature, often 

aligning with the UN's Sustainable Development Goals (SDGs) and the UN Decade on Ecosystem Restoration, 

aiming for a healthier planet for present and future generations.  
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