


Carbon Neutrality: Human Well-being and Ecosystem Sustainability

Abstract
            Carbon neutrality has emerged as a pivotal strategy in addressing the dual challenges of climate change mitigation and sustainable development. By balancing greenhouse gas emissions with removals, carbon neutrality directly contributes to the stabilization of global temperatures, thereby reducing climate-related risks for both human societies and natural ecosystems. This review synthesizes current scientific evidence on the multifaceted impacts of carbon neutrality, emphasizing its role in enhancing human well-being and promoting ecosystem resilience. For public health, the transition toward renewable energy and reduced fossil fuel dependency significantly lowers air pollution, preventing millions of premature deaths associated with respiratory and cardiovascular diseases. Additionally, limiting global warming mitigates heat-related illnesses, safeguards food and water security and curtails the spread of climate-sensitive infectious diseases. From an ecological perspective, carbon neutrality supports the conservation of forests, freshwater systems and marine environments by alleviating pressures from deforestation, ocean acidification and biodiversity loss. Moreover, it enhances the capacity of natural carbon sinks, such as grasslands and polar ecosystems, to sequester carbon and maintain ecological balance. Socioeconomically, carbon neutrality fosters green innovation, job creation and energy security, though challenges remain in ensuring a just transition for communities dependent on fossil fuel industries. Overall, the integration of carbon neutrality strategies presents a comprehensive pathway for achieving long-term human health benefits and ecological sustainability. 
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Introduction
         “Climate change has a significant impact on the planet's environment and has grown to be one of the world's greatest challenges” (IPCC, 2022). “In order to address the effects of climate change, advance human civilisation, and ensure the earth's ecosystems continue to grow sustainably, the 21st United Nations Climate Change Conference adopted The Paris Climate Agreement, proposing the goal of achieving “net zero emissions” of CO2, or carbon neutrality, around 2050” (Shan et al., 2021). “The term "carbon neutrality" broadly refers to achieving a dynamic balance between carbon sink systems, such as the earth's carbon cycle system, carbon dissolution in oceans, and carbon sequestration in the biosphere, and carbon emitting systems, such as human use of fossil fuels, land use, and natural volcanic eruptions” (Caineng et al., 2021). “In a narrow sense, carbon neutrality refers to the CO2 emissions of an organization, a group or an individual over a period of time that are offset by forest carbon sinks, artificial conversion, geological sequestration to achieve “net zero emissions” (Zhou et al., 2022).
          “Carbon neutrality is an important way to effectively control the rapid rise in global temperature, facilitate the trans formation to green energy utilization and promote progress in green and low-carbon technologies” (IPCC, 2022). It is a dynamic force driving the global economy's expansion. Achieving carbon neutrality will mitigate environmental issues caused on by human activity and enhance the ecological environment of the planet where humans live. Carbon neutrality is the common goal and ambition of all mankind and a global collaboration mechanism based on joint consultation and discussion is the prerequisite and guarantee for the realization of carbon neutrality. Carbon neutrality is a significant practical issue associated with human energy use and the sustainable growth of the earth's biosphere, in addition to being a significant theoretical topic of "energy science" and "carbon neutrality science."
                “The primary source of carbon dioxide emissions through human activity is the consumption of fossil fuels. One of the key steps to lowering carbon dioxide emissions and implementing global carbon neutrality is the development of new energy and the realization of energy transformation through the reduction of fossil fuel consumption and the construction of a green, low-carbon energy system. According to (Ge and Friedrich., 2024) the distribution of GHG emission by region in 2020, China takes the lead with a contribution of 27%, followed by the USA with 11%, India with 7%, and the European Union (27 nations) with 6%. These four areas together account for almost 50% of the total emissions. China is the world's leading emitter of greenhouse gases (GHGs), as seen by its significant rise in emissions over time, which ultimately surpassed all other nations to take the top position by 2020” (Zhang et al., 2024; Ge and Friedrich., 2024). While India's emissions have increased due to its growing economy.
              It is critically important to mitigate climate change caused by human-induced greenhouse gas emissions. The concentration of GHGs in the atmosphere has significantly increased since the start of the industrialized era due to human activities like burning fossil fuels and land development (Chen, 2021). According to the World Meteorological Organization (WMO) “Greenhouse Gas Bulletin, the average concentrations of atmospheric CO2, CH4, and N2O in 2019 reached 410.5 ±0.2 ppm, 1877 ±2 ppm and 332.0 ±0.1 ppm, respectively which exceeded the pre-industrial (1750) levels by 48%, 160% and 23%.  The increase of atmospheric GHG concentrations has caused climate changes primarily manifested as global warming, leading to increased glacial ablation and rising sea levels, outbreaks of pests and diseases in agricultural production, desertification of land, increased atmospheric instability and more frequent occurrences of extreme weather such as floods, droughts, typhoons, high temperatures and heatwaves.”
                 This review focuses on the interconnected impacts of carbon neutrality on both human health and environmental sustainability. As global efforts toward net-zero emissions accelerate, understanding the broader implications for ecosystems and societal well-being becomes crucial. This review aims to bridge existing knowledge gaps by integrating insights from climate science, public health, and ecological research. It highlights how carbon neutrality can deliver co-benefits such as improved air quality, enhanced biodiversity, and stronger resilience against climate-related risks. Ultimately, the review provides a comprehensive framework to guide policymakers and researchers in developing balanced, sustainable carbon-neutral strategies.
1. A review of worldwide carbon-neutral
1.1 Various forms of "carbon"
             “Carbon is one of the major elements in living matter and a significant component of organic matter. It is commonly found in terrestrial ecosystems, marine ecosystems, the atmosphere, and the earth's lithosphere in the forms of biological and inorganic substances, as well as carbon dioxide. Carbon circulates across the earth's atmosphere, lithosphere, marine ecology, and terrestrial ecosystem” (Lianhe, 2021). Carbon fixation includes the absorption of carbon dioxide by plants through photosynthesis, the dissolution of carbon dioxide from the atmosphere into the ocean, the absorption of carbon dioxide by saline soil in arid regions, the formation of carbonic rock, and the artificial technology that transforms carbon dioxide into fuels or chemicals. Carbon release mainly comes from the respiratory actions of plants and animals, consumption of fossil fuels, and the decomposition of carbonic rock in the lithosphere. Carbon from fossil fuels in the lithosphere has been released into the atmosphere as a result of the sharp rise in fossil fuel use since human civilization. As a result, the atmosphere's "black carbon" content rises steadily due to the destruction of the carbon circulation cycle equilibrium and the ongoing increase in the carbon dioxide concentration.
1.2 Significance of carbon-neutrality 
              “The Special Report on Global Warming of 1.5°C published by IPCC pointed out that carbon-neutral means that carbon dioxide emissions of an organization within one year are balanced through carbon dioxide elimination technology, which is also known as net zero CO2 emissions” (IPCC report, 2022). “The goal of carbon neutrality is to achieve net zero carbon dioxide emissions by 2050 and to minimize global carbon dioxide emissions by roughly 45% by 2030 compared to 2010” (Campbell et al., 2021). “Carbon neutrality's main goal is to keep global warming to 1.5°C by the end of this century” (Frank et al., 2019). In addition to reducing climate change, adopting carbon neutral is a drastic step that people may take in order to protect the natural environment. Additionally, it keeps more species from becoming extinct and protects the ecosystem and biological variety. Carbon neutrality has speed up the energy resource system's transition to a low-carbon and green economy and given the world an expanding area for economic growth. The International Renewable Energy Agency's published Energy Transformation 2050 report estimates that carbon neutrality can result in an additional 7.4 million jobs in the energy sector and 2.4% GDP growth for the world economy (IRNEA, 2023).
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1.3 Current situation of carbon emission in world  
                      According to the statistics by the International Energy Agency (IEA, 2024), the global energy-related carbon dioxide emissions in 2024 are 37.8 Gt. The top 5 carbon emitter countries are China, the United States, India, Russia, and Japan, whose carbon emissions are12.7, 4.8, 2.9, 2.0 and 1.1 Gt CO2, respectively (Fig 1). Asia's top three countries for carbon emissions are China, India, and Japan. America's top three countries for carbon emissions are the US, Canada, and Brazil; those in Russia, Germany, and the United Kingdom are the origins of Europe. Algeria, Egypt, and South Africa are the continent's top emitters of carbon. Australia is the source of Oceania's carbon emissions.
     Gt CO2
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Fig. 1: CO2 total emissions by region, 2000-2024


  1.4 Major Carbon Emissions by various ecosystems
                          Ecosystems play a dual role in the global carbon cycle: while many act as carbon sinks, some also contribute significantly to carbon emissions (Conant et al., 2001). Natural processes such as respiration, decomposition, wildfires, and land-use changes (e.g., deforestation or wetland drainage) can lead to the release of stored carbon back into the atmosphere. Different ecosystems- such as forests, wetlands, grasslands and oceans emit carbon in varying amounts depending on their structure and health (Table 1). 
Table 1. Carbon emissions by various ecosystems
	Ecosystem Type
	Major Carbon Emission Sources
	References

	Forests
	Respiration, decomposition, deforestation
	Pan et al., (2011)

	Grasslands
	Soil respiration, fire, land-use change
	Conant et al., (2001)

	Deserts
	Soil disturbance, desertification
	Reynolds et al., (2007)

	Oceans
	Marine respiration, upwelling, outgassing
	Gruber et al., (2019)

	Agriculture
	Livestock, soil tillage, fertilizer use
	Smith et al., (2008)


                   
                  Deserts and arid regions have low vegetation cover, limiting carbon uptake. Soil respiration still contributes small amounts of CO₂ naturally. Human-driven desertification releases stored carbon due to land overuse and climate change. Irrigation and soil disturbance further disrupt carbon storage and increase emissions (Reynolds et al., 2007). Agricultural ecosystems emit greenhouse gases through multiple processes. Soil tillage exposes organic carbon, leading to CO₂ release. Fertilizer use and manure management emit nitrous oxide (N₂O), while livestock digestion produces methane (CH₄). These activities significantly contribute to agricultural GHG emissions (Smith et al., 2008).
1.5 Major Carbon Emissions by various sectors
		
                   	      Fig. 2 Sector wise carbon emissions in India 
      
                According to the Ministry of Statistics and Programme Implementation the overconsumption of energy from non-renewable resources increases energy scarcity, greenhouse gas emissions, climate change, and environ mental degradation, posing threats to mankind (Fig. 2)
 In 2024, India’s greenhouse gas (GHG) emissions are predominantly driven by the energy sector, which contributes 75.80% of the total emissions. This high share is primarily due to the widespread use of coal, oil and other fossil fuels for electricity generation, industrial energy needs and transportation. Agriculture accounts for 13.44% of emissions, stemming from activities such as livestock farming, rice cultivation, and fertilizer use, which release methane and nitrous oxide. The Industrial Processes and Product Use (IPPU) sector contributes 8.43%, mainly from cement, steel and chemical manufacturing processes that emit carbon dioxide. 
Waste management is the smallest contributor at 2.33%, arising from landfill decomposition, wastewater treatment and open burning of solid waste. Overall, the data highlights that energy-related activities are the largest driver of India’s emissions, while agriculture and industry also play significant roles. Effective mitigation strategies must focus on transitioning to renewable energy, improving industrial efficiency and sustainable agricultural practices to achieve meaningful emission reductions.
2. Impact of carbon emissions
2.1 Impact of carbon emissions on environment 
                The Paris Climate Agreement's ultimate objective is to reduce global warming to less than 1.5 degrees Celsius and to keep it below 2℃ (Rogelj et al., 2015). Climate change is one of the most serious environmental issues the world is now dealing with.
“Global industrial development's overuse of non-renewable resources, along with other environmental harms like a strong reliance on fossil fuels, deforestation, and waste incineration, have led to an increase in greenhouse gas concentrations in the atmosphere, which in turn has caused environmental degradation like rising global temperatures and melting of the north and south pole glaciers” (Tan and Wang 2021) description given in table 2.


Table 2: Impact of carbon emissions on environment 
	Environmental Impact
	Description
	References

	Global Warming
	Increased CO₂ levels trap heat, raising global temperatures.
	Lelieveld et al., (2019)

	Ocean Acidification
	CO₂ absorption by oceans lowers pH, harming marine life and coral reefs.
	Doney et al., (2009)

	Melting of Polar Ice and Glaciers
	Rising temperatures cause ice loss, leading to sea-level rise.
	IPCC. (2019)

	Loss of Biodiversity
	Changing climate disrupts ecosystems, leading to habitat loss and extinctions.
	IPBES. (2019)

	Extreme Weather Events
	Increases in heatwaves, floods, droughts, and hurricanes.
	Friedlingstein et al., (2020)

	Soil Degradation and Desertification
	Higher temperatures and erratic rainfall reduce soil health and productivity.
	FAO. (2010).



2.2 Impact of carbon emissions on human health
                   “CO2 exposure can affect human health at many levels” (Dai et al., 2022). “Short-term exроsure causes suffocation by the displacement of oxygen because of which it becomes hard to breath. Respiratory acidosis is one of the major effects of CO₂ toxicity” (Rice, 2004). “It can be either due to acute or chronic exposure. It happens when the lungs cannot replace the CO2 causing the lowering of blood pH. This increases the rate of respiration, metabolic stress, increased brain blood flow, and increased minute ventilation (above 10,000 ppm), lower capacity for exercise tolerance in workers when gasping against inspiratory and expiratory resistance (above 30,000 ppm), headache, anxiety, dizziness, confusion, and dyspnea (above 50,000 ppm), perspiration, dim vision, vomiting, incomprehension, hypertension, and loss of awareness and stupor (above 100,000 ppm)” (Azuma et al. 2018). 
[bookmark: _GoBack]         “Chronic respiratory acidosis may become stable and tolerated by the body, as the kidneys produce bicarbonate in response which balances the acid-base ratio of the body” (Gennari, 2012). “But chronic exposure can result in loss of memory retention, excessive sleepiness during day and insomnia, and temperament fluctuations. Sick building syndrome is also associated with an increase of indoor CO2 concentration” (Seppänen et al., 1999). The symptoms appear when within the building and improve when not in the same surrounding. Symptoms in the syndrome are related to the upper and lower respiratory tract, eyes, and skin and include headache, fatigue, and difficulty concentrating.
2.3 Impact of carbon emissions on various ecosystems 
                 Carbon emissions significantly disrupt the balance of various ecosystems by altering climate patterns, increasing temperatures, and changing precipitation levels. These changes affect ecosystems differently—melting ice in polar regions, bleaching corals in marine systems, and shifting vegetation in forests and grasslands. Prolonged exposure to high carbon levels can lead to biodiversity loss, weakened ecosystem functions, and, in extreme cases, ecosystem collapse. 
                Carbon emissions are absorbed by oceans, leading to acidification that harms marine life, especially shell-forming organisms. Rising sea temperatures cause coral bleaching, weakening reef ecosystems (Table 3). These impacts disrupt the marine food web, affecting species survival and human livelihoods that depend on ocean resources (Doney et al., 2009). Carbon emissions drive climate change, leading to extreme weather events that reduce crop yields and agricultural productivity. Warmer temperatures and changing rainfall patterns cause soil carbon decline, reducing soil fertility. Additionally, increased pests and diseases further threaten food security and farm sustainability (Wheeler and Von Braun 2013). 
Table 3.  Impacts of carbon emissions across ecosystem types
	Ecosystem Type
	Key Effects of Carbon Emissions
	References

	Forests
	Wildfires, pest outbreaks, reduced carbon storage
	Pan et al., (2011)

	Oceans
	Acidification, coral bleaching, food web disruption
	Doney et al., (2009)

	Grasslands
	Reduced biomass, soil degradation, altered species composition
	Conant et al., (2001)

	Agriculture
	Yield loss, soil carbon decline, increased pests and diseases
	Wheeler and von Braun (2013)


       
3. Strategies to reduce carbon emissions to achieve carbon neutrality  
3.1 Strategies to reduce carbon emissions in environment  
a) Energy efficiency technology: Energy efficiency technologies play a crucial role in achieving carbon neutrality by reducing energy consumption and minimizing greenhouse gas emissions. Innovations such as high-efficiency HVAC systems, LED lighting, and smart energy management systems help lower energy demand in buildings and industries (Ellabban et al., 2014). Electrification of transport and the use of variable speed drives in motors further enhance efficiency. Integrating AI and IoT enables real-time energy optimization. According to the IEA, improving energy efficiency alone could contribute over 40% of the emissions reductions needed to meet global climate goals (IEA, 2024).
b) Renewable energy integration: Renewable energy integration is vital for carbon neutrality, replacing fossil fuels with clean sources like solar, wind, hydro, and geothermal. Advancements in grid infrastructure, energy storage (e.g., lithium-ion and flow batteries), and smart grid technologies enable stable and reliable renewable deployment. Sector coupling, such as using green hydrogen in industry and transport, enhances decarbonization (IPCC, 2022).
c) Green hydrogen: Green hydrogen is a key enabler of carbon neutrality, produced by electrolysis of water using renewable electricity, resulting in zero direct emissions. It can decarbonize hard-to-abate sectors such as steel, cement, aviation, and shipping, where direct electrification is challenging (Dong et al., 2022). Green hydrogen also serves as an energy carrier and storage medium, enhancing grid flexibility and supporting renewable integration. The IEA highlights that green hydrogen could avoid up to 830 million tonnes of CO₂ annually when replacing grey hydrogen. 
d) CCUS (Capturing, Utilization and Storage of carbon dioxide): Capturing, utilization, and storage of carbon dioxide (CCUS) represents a critical strategy for mitigating climate change while supporting energy and industrial demands (Liu et al., 2023). Carbon capture involves separating CO₂ from large point sources such as power plants, cement factories, and steel industries before it reaches the atmosphere. Once captured, CO₂ can be transported and either stored in deep geological formations like depleted oil and gas reservoirs or utilized in various applications. Utilization options include enhanced oil recovery, production of synthetic fuels, chemicals, and building materials, thereby turning waste emissions into valuable resources. Storage ensures that CO₂ remains trapped for thousands of years, reducing its impact on atmospheric concentrations. Advanced technologies such as direct air capture are also emerging to remove CO₂ directly from the atmosphere. CCUS not only addresses emissions but also facilitates a circular carbon economy by recycling carbon (Boot-Handford et al., 2014). 
e) Carbon offsetting: Carbon offsetting helps achieve carbon neutrality by compensating for emissions through projects like reforestation, renewable energy, or carbon capture. It is most effective when paired with direct emission reductions and verified through transparent standards (Nyamdorj et al., 2021).
3.2 Strategies to reduce carbon emissions in various ecosystems 
a) Carbon sink in terrestrial ecosystems: An essential source of carbon sinks on earth is terrestrial ecosystems. The predicted global forest net C sink, which is mostly found in temperate regions, is 10.7 Gt CO2-eq year -1, About 26% of the grasslands are covered by earth's ice-free surface and store about 34% of the world's C (Mahanta et al., 2020). These grasslands' soils operate as a sink for roughly 1.83 Gt CO2-eq year -1 and store roughly 343 Gt C, which is almost 50% more than what is stored in forest soils. The annual C input rate and turnover periods are highly unknown, even with the massive C stock size. The global inland water CO2 evasion rate was estimated to exceed 7.70 Gt CO2-eq year -1. Over 7.70 Gt CO2-eq year -1 was predicted to be the global inland water CO2 evasion rate. Additionally, a significant amount of terrestrial carbon that has been stored by chemical weathering and photosynthesis is moved laterally from terrestrial ecosystems to the ocean along the inland water continuum. 

b) Carbon sink in marine ecosystems: The ocean holds about 44 times more carbon than the atmosphere, with an average carbon residence time of several hundred years (Friedlingstein et al., 2020). "Blue carbon" refers to atmospheric CO₂ fixed and stored in marine ecosystems (Macreadie et al., 2019). Carbon sequestration in the ocean occurs through three main processes: the solubility carbon pump, where CO₂ dissolves into surface waters; the biological carbon pump, where phytoplankton fix CO₂ via photosynthesis and transport it to the deep ocean as organic matter; and the microbial carbon pump, which converts a portion of this organic matter into resistant dissolved organic carbon that can persist for millennia (Jiao et al., 2011; Stone, 2010). While much of the carbon is remineralized back to CO₂, the microbial pump plays a key role in long-term sequestration, contributing an estimated 0.2 T C year⁻¹ (Legendre et al., 2015). Climate models suggest that climate change could enhance this microbial carbon sequestration. Understanding these pumps is vital for sustainable carbon cycle management between land and ocean systems.
c) carbon sink in agriculture ecosystem: 
Crop production management: Greenhouse gas emissions in agriculture can be reduced by optimizing fertilizer and water use in croplands (Shang et al., 2021). Developing new synthetic nitrogen fertilizers, like slow- and controlled-release types with urease and nitrification inhibitors, improves nitrogen use efficiency (Dawar et al., 2021). Advanced cropping, fertilization, and irrigation practices, supported by digital technologies such as multi-sensor drones, enable precise management (Maresma et al., 2018). Intermittent irrigation notably reduces methane emissions and enhances methane oxidation in rice fields (Ali, M., 2020; Hiya et al., 2020).
Carbon sequestration: Carbon sequestration in agricultural soils is enhanced by using organic fertilizers, crop residues, and stable biochar amendments (Liang et al., 2017; Chowdhury et al., 2021). Improving microbial diversity boosts soil organic carbon storage through the "microbial C pump" (Keastner and Miltner, 2018). Avoiding excessive nitrogen fertilizer and soil acidification helps reduce soil inorganic carbon loss (Song et al., 2022). Large-scale CO2 removal can be achieved via accelerated rock weathering with calcium and magnesium rich silicate rocks (Beerling et al., 2020). Preserving peatland carbon requires raising water tables and preventing drainage (Zhong et al., 2020).
Breeding crop varieties: Breeding crop varieties with high nitrogen use efficiency (NUE) can reduce nitrogen oxide emissions and fertilizer application rates. The incorporation of proteins like OsTCP19-H through transgenic and gene-editing methods has improved NUE in rice (Liu et al., 2021; Ali, 2020). Multi-sensor drone technology aids in selecting genotypes with superior NUE by evaluating plants under varying nitrogen levels (Crippa et al., 2021). Methane emissions in rice paddies can be reduced by adding biochar or using methanogenesis inhibitors (Pratiwi et al., 2021; Rani et al., 2021). Additionally, employing microbes to enhance nitrogen fixation can decrease fertilizer use and environmental impact (Wang et al., 2021).
Animal production: Reducing methane emissions in ruminant livestock is largely achieved by manipulating enteric fermentation, where methanogenic archaea produce methane during hydrogen disposal (Wang et al., 2021). Methane inhibitors such as oils, phytocompounds, ionophore antibiotics, and alternate electron sinks help suppress methanogenesis (Zhang et al., 2023). The promising inhibitor 3-nitrooxypropanol can reduce methane emissions by up to 40% (Hristov et al., 2015). Vaccination against methanogens also shows potential, especially in pasture-based systems (Subharat et al., 2016). Additionally, breeding highly digestible forage with more non-fiber carbohydrates and secondary metabolites like tannins can further decrease emissions (Auffret et al., 2018).
4. Carbon neutrality sustains human health: 
4.1 Public health 
                  Carbon neutrality plays a vital role in sustaining public health by reducing greenhouse gas emissions and associated air pollutants that cause respiratory and cardiovascular diseases (WHO, 2021). Transitioning to renewable energy and clean technologies improves air quality, preventing millions of premature deaths annually linked to air pollution (Lelieveld et al., 2019). By stabilizing global temperatures, carbon neutrality lowers the risks of heat-related illnesses, particularly among vulnerable groups (Watts et al., 2021). It also protects food and water security, reducing malnutrition and waterborne disease burdens (IPCC, 2022). Moreover, limiting ecosystem disruption helps control the spread of climate-sensitive infectious diseases such as malaria and dengue (Ryan et al., 2019). Beyond physical health, greener and more resilient environments foster better mental well-being and reduce climate-related trauma (Cianconi et al., 2020). Thus, achieving carbon neutrality is not only an environmental imperative but also a crucial public health strategy for present and future generations.
4.2 Socioeconomic Effects
                  Carbon neutrality has profound socioeconomic effects, creating opportunities and challenges for societies worldwide. Transitioning to renewable energy and green technologies generates millions of new jobs, while reducing reliance on fossil fuels enhances energy security and shields economies from volatile fuel prices (IRENA, 2023). Public health also benefits, as reduced air pollution lowers healthcare costs and prevents climate-related illnesses, saving billions annually (Watts et al., 2021). Moreover, carbon neutrality stimulates technological innovation, attracting investments in clean industries and fostering long-term economic resilience. However, the shift also entails short-term costs, such as job losses in fossil fuel sectors and the risk of inequality if transition policies are not inclusive (Markkanen and Anger-Kraavi, 2019). 
5. Impact of carbon neutrality on various ecosystems
                    Carbon neutrality is essential for preserving ecosystems by lowering greenhouse gas emissions and curbing global temperature rise. Moving toward net-zero emissions safeguards biodiversity, reduces habitat degradation, and alleviates stress on forests, oceans, freshwater bodies, and polar areas. It also strengthens ecosystem resilience by enhancing natural carbon sinks and minimizing climate-driven disturbances (Table 4). In this way, carbon neutrality supports both climate change mitigation and the long-term stability of ecological systems.
Table 4: Impact of carbon neutrality on various ecosystems
	Ecosystem
	Impact of Carbon Neutrality
	References

	Forests
	Reduced deforestation and increased afforestation under carbon-neutral policies enhance carbon sinks, biodiversity, and ecosystem services.
	Griscom et al., (2017)

	Marine and Coastal
	Lower CO₂ emissions reduce ocean acidification, helping sustain coral reefs, shellfish, and marine biodiversity.
	Kroeker et al., (2013)

	Freshwater
	Mitigation reduces warming, maintaining oxygen balance and preventing loss of freshwater fish and aquatic species.
	Dudgeon et al., (2006)

	Grasslands and Savannas
	Carbon neutrality policies promoting soil carbon storage and reduced land degradation enhance resilience to droughts.
	Conant et al., (2017)



6. Satellite observations of CO2 emissions:
                    Currently, satellite remote sensing and ground-based monitoring are two techniques of observing greenhouse gases. Early on, a global network of greenhouse gas monitoring stations was set up to offer accurate rate information on greenhouse gas concentrations (Tans et al., 1990). However, the spatial resolution is insufficient to meet the needs of the global C flow computation because of the number of locations. In order to greatly enhance the capability of C flux observation, three CO2 satellites were launched in succession: GOSAT by Japan in 2009, (Butz et al., 2011); OCO-2 by the United States in 2014, (Hakkarainen et al., 2016); and TANSAT by China in 2016, (Yang et al., 2018). The European Sentinel-5P satellite has demonstrated good performance in CH4, NO2, CO, O3 and other gas inversions in addition to CO2 observation. Among them, With a photochemical lifetime of only a few hours, NO2, the gas created during the combustion of fossil fuels, can be used to locate the source of emissions (Liu et al., 2020 and Reuter et al., 2019).  In several nations during the COVID-19 pandemic, it is frequently utilized as a gauge of economic recovery or stagnation. The European Space Agency is anticipated to launch a new satellite in 2025 that will combine measurements of CO2 and NO2 (Kuhlmann et al., 2019).
7. Digital Earth for carbon neutrality
                    Digital Earth will combine vast amounts of data, mostly from satellite observations, create models, simulate or forecast present or future global ecosystems at various spatial and temporal resolutions, and then display the outcomes. These new technologies and features will provide very powerful benefits for C neutrality and C trading for two reasons, first is numerous natural and human factors impact the C cycle (Peng et al., 2017). Numerous models in use today are unable to accurately predict the C sink and replicate these effects. It is difficult to estimate, and the outcomes of various models vary greatly to obtain a more accurate global C sink, Digital Earth, which integrates these models with comprehensive data, can offer a platform for running these models and comparing or validating their output (Chen et al., 2019). The 1992 United Nations Framework Convention on Climate Change explicitly outlined the Principle of Common and Separate Responsibilities. It was accepted in the 1997 Kyoto Protocol, which gained widespread acceptance due to the fact that nations with varying levels of development have varying capacities for addressing global environmental challenges. At the pixel level, global C estimation or prediction and the mechanisms that drive it are carried out and displayed on Digital Earth. Finding the geographical distribution and variations between nations is evident or areas, making it very easy to measure the governments' accountability for maintaining C neutrality and the C trade across nations or regions.
Conclusions
                 Carbon neutrality represents a transformative approach to addressing the intertwined challenges of climate change, human well-being, and ecosystem sustainability. By reducing net greenhouse gas emissions to zero, it directly contributes to the stabilization of global temperatures, thereby minimizing the severity of climate-related hazards such as extreme heatwaves, floods, droughts, and storms. For human societies, this transition offers profound health benefits, including reductions in air pollution–related respiratory and cardiovascular diseases, decreased vulnerability to climate-sensitive infectious illnesses, and improved food and water security. Furthermore, carbon neutrality alleviates the socioeconomic burden on healthcare systems and fosters mental well-being by reducing climate-induced stress and displacement risks. On the ecological front, carbon neutrality safeguards biodiversity by mitigating deforestation, slowing ocean acidification, and enhancing the resilience of freshwater, grassland, and polar ecosystems. It further strengthens natural carbon sinks, enabling forests, soils, and marine environments to continue their vital role in regulating the Earth’s climate. At the same time, the pursuit of carbon neutrality stimulates socioeconomic innovation through job creation, renewable energy development, and advancements in green technologies. However, challenges remain in managing transitional costs, supporting fossil fuel–dependent communities, and ensuring global equity in climate action. A just transition, guided by inclusive policies and international cooperation, is essential to balance environmental gains with social justice. In conclusion, carbon neutrality should be viewed not only as a climate mitigation strategy but also as a holistic framework for enhancing human health, fostering sustainable economies, and maintaining ecological balance for future generations.
                 The opinions and data in this paper are based on the pre liminary knowledge and reference that have been known so far, and improper or imperfect opinions may be inevitable. As the technologies and management innovations and the global political and economic patterns change, more insights will be developed and improved.
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