


A minireview on impact of climate change and sustainable solutions

Abstract
Background: Climate change, evidenced by rising global temperatures, has been a major environmental concern for decades. It impacts ecosystems, agriculture, economies, and social stability, primarily due to greenhouse gas emissions from industrial and urban growth.
Discussion: Climate change reduces agricultural productivity, threatens biodiversity, increases displacement, and widens inequalities. Vulnerable communities face the greatest risks. However, mitigation efforts-such as emission controls, renewable energy, and climate-smart technologies—are gaining momentum. Green climate bonds under the UN SDGs are supporting sustainable infrastructure, while environmental indices guide green economic development.	Comment by REZA EDDIN OWFI: Check it
Conclusion: Despite its widespread impacts, climate change can be addressed through integrated global action, sustainable finance, and innovation. A shift toward a green economy is essential for future resilience.
Further Recommendations: Future efforts should prioritize equity, increase climate funding access, invest in local adaptation, and align development with sustainability goals for lasting impact.
Article Highlights
1. The article mentions briefly about effects of climate change including global warming, changing weather patterns, impact on agriculture, ecosystem and biodiversity as well as social and economic disruption.
2. Our review highlights the critical impact of climate change on biodiversity with disruption of natural habitats. In this respect, we have discussed adaptive mechanisms of different organisms to survive against the increasing odds of climate change including reported cases of range shifts and survival strategies.
3. The review sets itself apart by juxtaposing global green initiatives (e.g., EU Green Deal, India's NAPCC, World Bank Green Bonds) with sector-specific strategies across agriculture, forestry, energy, and health. It does not just list strategies but critically connects them with implementation outcomes and international disparities, such as the contrast between developed and developing nations in adopting green technologies.	Comment by REZA EDDIN OWFI: Bring extended of this abbreviation before it and put the abbreviation in the in the parenthesis 
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1. Introduction
Climate change is a global phenomenon of long-lasting weather changes impacting ecosystems, health, and economies [1] [2]. It presses the species to stress and shift their optimum ranges accompanied by biodiversity losses coinciding with progressive changes in the environment. Climatic variations impact agricultural harvesting and yield as well alter the likelihood of vector-borne and infectious opportunists (Figure 1).  	Comment by REZA EDDIN OWFI: Check the journal guideline. I guess you should bring citations in all of your article by family name of author(s) and the year of publication
Climate change is characterized by increased surface temperatures, irregular weather patterns, and receding global ice covers leading to elevated sea level rise [3]. The causative factors for climate change include the rapid industrial revolution, especially during the past century, volcanoes, and forest fires which release thermogenic greenhouse gases (GHG). The GHGs can be classified based on origins as i) natural such as CO2, N2O, CH4, volatile organic compounds, and water vapours; and ii) industrial such as HFCs, SF6, and PFCs [4] [5] [6]. These heat-trapping gases also erode the helpful ozone layer in the atmosphere. Anthropogenic activities such as the extensive use of fossil fuel-consuming machinery, burning of cultivation waste, fuel combustion, deforestation, and the national and domestic transportation sectors, among others, accelerate their emission into the atmosphere [7] .
Environmental imbalance due to global warming is directly linked to a significant increase in GHG emissions post the industrial revolution [8]. Apart from fossil fuel combustion for various human activities, land-use changes are also among the leading contributors to global warming [9]. An unprecedented increase of 5.8% in GHG emissions worldwide was reported in 2010 [10], such erratic increments are further expected to intensify in the future due to accelerating urban growth, rise in transportation, rising energy use, and unmanaged waste disposal.  
The tangible outcomes and effects of climate change include:
· unforeseen and unpredictable rainfalls, floods, droughts, storms, hurricanes
· extreme variations in temperature, intense heat waves
· super-saturation of lakes,
· melting of glaciers
· landslides, earthquakes,
· agriculture,
· ecosystem health and diseases 
Such seasonal variations accompanied with lifestyle changes also threaten biodiversity, human communities, and animal habitations. 
Considering these, several nations under the Paris Agreement signed at the United Nations Framework Convention on Climate Change (UNFCCC) in 2015 agreed to resolve sustainable efforts and investments towards low GHG emissions and climate-resilient policies. Apart from a low-carbon future, the agreement set its goal to keep and limit the global temperature increase to 1.5°C [12]. To support sustainable environmental friendly programs, green climate bonds investments are issued by the governments for environmental, social, and corporate governance. Introduced in 2008 by the World Bank, the global market for green bonds has shown an increase of 10-fold to 250 million USD according to Environmental Finance Citation (2020) [13]. This polycentric approach adheres to the UNFCCC and aims to mobilize corporation finance towards carbon neutrality. The UN's Sustainable Development Goals (SDGs), SDG13 for climate action, links the conservation and improvements for agriculture, healthcare, water, energy, commercial and domestic infrastructure [14]. Prompted by the UN Agenda 2030, the green climate bonds have diversified into Social Bonds, Sustainability Bonds, Environmental, Social, and Governance (ESG) Bonds, and the Sustainable Development Goal (SDG) Bonds for successful implementation of the SDG13 [15].	Comment by REZA EDDIN OWFI: Consider it in all of your article that when you bring an abbreviation for first time, exactly the same here, you should bring the extended of that before.
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Strengthened actions require long-term mitigation plans aiming to prevent future GHG emissions and reducing their current levels in the atmosphere, and their amalgamation with short-term adaptation strategies for the effects, and consequences of climate change. 
In the present review, a brief synopsis of the effects and impact of climate change, mitigation and adaptation strategies, and green initiatives to offer possible solutions are discussed. Green initiatives in industrial and civil sectors, aligning with the principles of SDGs are required to mitigate and adapt to climate changes. Climate-friendly initiatives are essential to promote a green economy and green growth. Several countries including India are investing in green technologies and devising action policies and plans to promote environmental sustainability. To assess the progress of such policies, indicators like Knowledge Platform (GGKP) and Sustainable Development Indices have been formulated and implemented. Such measures will eventually lead to the generation of Smart green planet with inclusion of green practices to promote sustainability and resource efficiency. 

2. Effects of climate change on economic growth, social growth, agriculture, and biodiversity	Comment by REZA EDDIN OWFI: Consider it in all of your article. For all sections, sub-sections and titles, use uppercase for all first letters of each word.
Check it out in all over of the article
Climate change is one of the most urgent challenges confronting the global community today, accelerating a swift and unparalleled alteration of the Earth’s climate system and posing potentially disastrous impacts on human societies and natural ecosystems [16] [17]. This section presents a brief overview of some of the most challenging effects of climate change as summarised in Figure 2. 
2.1. Economic growth 
Industrial development was initially considered a major step towards a better future. However, it has also led to adverse consequences, evidently, climate change. Climate change, marked by increasing temperatures, rising sea levels, and severe weather events, harms property and essential infrastructure, negatively influences human health and productivity, and adversely affects industries like agriculture, forestry, fisheries, and tourism. Additionally, energy demand will rise as power generation becomes less reliable, and water resources will be strained [18]
Erratic weather and climatic changes, such as snowmelt and shrinking glaciers, heat stress, have reduced crop yields, lowered food availability, caused natural calamities, and escalated disease risk. Extreme heat and severe cold decrease work productivity, thereby impacting industrial yields and economic growth. Low-income families are disproportionately affected, facing higher food prices, lower wages, and marginalised budgets, lesser concerns for health and hygiene, thereby slowing economic growth. The shifts in weather patterns also concern the advanced economies as altered and unpredictable weather events and patterns can have lasting macroeconomic consequences by reducing labor productivity, hindering investment, and agricultural yields, and harming human health. Research has shown that accelerated economic activity leads to higher GHG emissions, which in turn raise the average temperature, and diminish economic progress by triggering a cascade of climate change [19] [20].
The analysis of annual data from 34 countries in Africa between 1961 and 2009 showed that climate change negatively affects economic growth. A 1°C increase in temperature has been shown to reduce GDP growth by 0.67 percent [21]. A positive correlation between the changing pattern of rainfall due to climate change with overall economic growth in Turkey provides foundational insights for future studies on the connection between rainfall, drought, and economic growth [22]. Scientists [23] have predicted, based on panel data analysis, that a sustained rise in temperature will result in a lasting decline in hotter regions’ economic output. It is estimated from the study that a 1°C rise in temperature in a region with an average annual temperature of 25°C results in a reduction in the Gross Regional Product (GRP) by approximately 3.5%. In the Swiss Re Institute’s report [24], the projected effect of climate change assumes temperature rise will continue its present course and that the objectives of the Paris Agreement and net-zero emission targets might not be achieved. Moreover, the report cautions that if no measures are implemented and temperatures increase by 3.2°C, the economic effect could escalate significantly, potentially reducing global GDP by 18% by mid-century. The newswire report [25] estimates an annual global economic impact of USD 200 billion, with countries like the Philippines and the United States of America being especially at risk, facing potential losses of 3% and 0.4% of their GDP, respectively [26][27].
2.2. Social growth
Another undesirable yet unavoidable consequence of climate change is an intensification of competition over land, food, water, and facilities because of erosion of soil, desiccated grazing lands, and diminished crop yields. Landslides and floods devastate farmlands and buildings, leading to scarce water resources and heightened tensions between farming and herding communities [28][29]. Additionally, its effect on food production drives up hunger and food prices, which can lead to social unrest. It forces people to move, with over 20 million individuals displaced annually due to extreme weather events. The poorest are the most vulnerable populations, who are disproportionately affected, further widening the poverty and economic inequalities. Security risks for women and girls are anticipated due to pre-existing inequalities and the intersection of conflict and climate crises. In response, the UN Secretary-General has proposed a $500 billion annual stimulus package for the SDGs to tackle these challenges [30]. It also causes the spread of vector-borne diseases like tick-borne encephalitis, malaria, Rift Valley fever, and West Nile virus. People in economically disadvantaged and poverty-stricken communities are especially vulnerable [31]. A global occurrence of collective violence, including wars, state-sponsored violence, and organized crime, is also expected [32]. In regions of North Africa, it is expected that increased food prices and food insecurity may result in public objections and uproar opposed to the government [33] [34] [35].
Climate change intensifies global inequality and challenges women, children, disabled people, native and marginalised communities. Their susceptibility stems from factors such as their geographic location, economic and social standing, and restricted access to resources and decision-making ability. Given that the Climate Crisis is both an environmental and social issue, marginalised sections of society need urgent and aggressive climate action plans. The IPCC (2014) emphasises climate solutions based on fair and equitable distribution for effective development outcomes [36]. Misaligned policies can inadvertently further harm the most vulnerable and widen the divide and unrest. An example is increased carbon-pricing costs for poorer households and the non-involvement of indigenous communities in forestry activities [37]. Addressing the distributional impacts of decarbonizing economies involves understanding social inclusion, cultural, and political-economic aspects, and identifying opportunities to reduce social inequality. Despite advancements in climate science and policy, many countries struggle to engage citizens who may not understand climate change or fear the unfair impacts of climate policies [38].
2.3. Agriculture 
Climate change has extensive implications across multiple sectors, including agriculture, influencing crop yields, livestock production, and overall food security, drawing significant attention from scientists worldwide [39] [40]. A key way in which climate change impacts agriculture is through alterations in temperature and precipitation patterns [41] [42] [43] [39]. As the global climate becomes increasingly variable, causing frequent severe weather phenomena like droughts, flooding, and intense heat waves, it becomes challenging for farmers to ensure consistent productivity and maintain livestock. Climate change can also cause the emergence of new opportunistic pests and diseases and plant pathogens [44], hence further hindering agricultural productivity. Rising sea levels and alterations in water resources create a crisis for irrigation and the availability of land for farming, especially in coastal areas. Increased pest infestations, flash floods, agricultural runoff, soil erosion, frequent crop damage from heat waves, habitat destruction, northward crop shifts, reduced agricultural yields, economic and psychological stress on farming communities, soil quality degradation, and permanent loss of fertile soil are some immediate impacts of temperature trends and rainfall patterns because of climate change [45][46]. Climate change reduces global crop production by approximately 5.5 × 10¹⁴ kilocalories per year for every 1 °C rise in global temperature [47]. Table 1 presents some of the effects of climate change on agriculture and the suggested strategies for mitigation and adaptation.
2.4. Biodiversity and Human Health 
The major drivers of climate change include anthropogenic activities like large-scale industrialization, the emission of GHGs, and deforestation. The major consequences of these activities include loss or alteration of natural habitats of living organisms, which may further lead to loss of biodiversity. This loss of biodiversity may further accelerate climate change processes, thereby further aggravating the problems faced by living organisms, including humans. Also, such climate changes may increase environmental severities such as heat waves, hurricanes, wildfires, droughts, and floods. The following section summarises recent research findings highlighting the critical impact of climate change on biodiversity.
Climate change disturbs the natural ecosystems and habitats of organisms. The habitats become fragmented or disturbed due to environmental disturbances. For instance, the melting of snow peaks due to elevated temperatures has disrupted the aquatic ecosystems and freshwater habitats, which has further impacted fish biodiversity in North-East India [48]. Similarly, the thawing of Greenland ice sheets has posed a serious threat to over 21,146 animal and plant species at risk of rapid population declines. The high-risk groups include amphibians, including frogs, toads, salamanders, tetrapods, and vascular plants [49]. The increased aridity caused due to climate change has led to biodiversity loss, wherein around 55.29% of terrestrial vertebrate species may lose their habitat by 2100 [50].
Thus, with such fragmentation or disruption of natural habitats driven by climate change, the organisms are forced to reorient and change their geographic habitats, which becomes part of their survival or rescue mechanism. The organisms that are able to successfully respond to such climate changes and altered habitats may successfully survive and reproduce as well, while the organisms that fail to do so may become extinct. For example, climate change causes habitat loss and fragmentation, limiting suitable environments for endangered species like Firmiana kwangsiensis [51]. If a species is already on the verge of extinction, habitat loss may accelerate its disappearance, as reported in scorpionflies [52] or a reduction in the spatial distribution of key native dung beetle species found in South American grasslands [53].
Species may respond differently to climate change and may shift their geographic distributions, like moving to different latitudes or elevations, while others may show changes in their timing and events of life cycles, referred to as phenological shifts. Many recent studies have reported the range shifts in organisms as adaptive mechanisms to survive. In general, species with broader climatic niches, like moths and birds with narrow thermal niches, show stronger shifts towards the north [54]. For instance, Rodríguez-Pacheco et al. [55] report temporal changes in the community composition of montane leaf beetles, with upward shifts of species adapted to warmer regions and downward shifts of cold-adapted species. Similarly, neotropical skinks like Notomabuya frenata have been reported to shift towards eastern South America [56]. Jiang et al., [57] found that lizards at both higher elevations are predicted to shift upslope in response to climate change by 2081–2100. However, mitigation measures are required to prevent the loss of species that do not exhibit such adaptive capacities and are not shifting as expected by some plant species, as well as some amphibians and reptiles. For example, 4.2% of amphibian species may go extinct if they fail at nature's test of survival and do not undergo evolutionary rescue [58]. Interestingly, Fekete et al., [59] have termed the species that have successfully adapted to changing conditions as ‘winners’, and species like amphibians, plants, and reptiles are categorised as ‘losers’ since they are not shifting as expected in response to climate change. Different studies predict that the list of winners may increase over the coming years as part of the evolutionary rescue mechanism.	Comment by REZA EDDIN OWFI: You should use italic font for it in all of the article.
Check them and change to italic font
A shift in the distribution of species triggered by climate change impacts the overall biodiversity and phylogenetic diversity of an area as well as its community composition. In some cases, it may lead to decreased reproductive success as reported in African wild dogs by Abrahms et al., [60] or time-delayed responses in the world’s terrestrial birds, with small birds experiencing a 13-year lag and larger species a 40-year lag, significantly influencing population trends by 2050 [61]. The situation is worse in India, where ~66–73% of bird species are expected to undergo geographical shifts due to climate change, while 59% may lose part of their range [62]. In addition to animal biodiversity, plant biodiversity is also affected due to climate change. For instance, A. moorei, a sub-shrub, displayed phenological symptoms driven by climate change in terms of decreased stem length, an earlier onset of reproduction, and reduced adult longevity [63]. The habitat suitability of the fungus, Fusarium oxysporum, has been reported to be influenced by increasing temperatures due to global warming, especially in regions like Europe [64]. Alpine plant species (Abies chensiensis), which are already rare and endangered, are facing habitat loss, spatial isolation, and increased competition from native plants in East Asia [65]. Similar factors have been found to affect the habitats of rare and endangered trees, Firmiana kwangsiensis in Guangxi, China [51]. Genetic diversity is also seriously affected due to climate change as seen in the case of Senegalia senegal, a common and widely distributed African tree species [66], or Carex species in the Western Mediterranean Basin due to the loss of admixture among populations [67]. Further, approximately 83% of vascular plant cells in Argentina are estimated to experience a decline in species richness due to climate change [68]. Some plant species are more resilient to climate change than others, for instance, herbaceous species react to climate change more quickly than woody species [69]. Also, some plants may experience shifts to higher elevated regions due to climate change, like many high-elevation temperature-sensitive plant species in the Himalayan region are experiencing shifts to higher elevations due to climate change [70]. Also, a shift in vegetation has been reported in J. macropoda as an adaptive response to climate change in the North-Western Himalayas of India [71]. The section above discussed several examples and studies reporting climate change-induced changes or adaptations in animals and plants, which in turn affect their biodiversity.
3. Mitigation and adaptation strategies for climate changes 
Climate change has profound impacts on ecosystems, human health, and economies. Global and national-level mitigation and adaptation strategies require technologies for environmentally friendly, carbon sequestration, emission reduction, renewable energy, and power-efficient appliances [72][73]. Examples of such eco-friendly technologies are solar energy and modern micro-hydropower plants. To support the most vulnerable sectors of water and agriculture, suggested options include rainwater harvesting, stormwater management, groundwater recharge, efficient irrigation systems (both drip and sprinkler), cultivation of drought-tolerant crops,weather forecasting, and availability of robust rescue and networking systems [8].
Adaptation and mitigation policies are targeted mainly at agriculture, forestry, industry, transportation, and land use [74]. Mitigation plans aim to reduce the magnitude of change while  adaptation actions are planned to minimize immediate harmful effects (Figure 3). Although the magnitude of the socioeconomic effect of climate change may vary according to geography, a well-informed choice of adaptation and mitigation plan by policymakers can make its impact less severe. 
A total of 24% of global GHG emissions are due to human-centric activities, 10–12% stem from agriculture and 10–13% are from land use changes, primarily due to deforestation for agriculture [35]. Mitigation actions include smart technologies for agriculture and landscaping, with a focus on organic cultivation and conservation agriculture, and sustainable use of ecosystems for a net positive production with fewer negative environmental impacts. Forestry protection from land use and cover includes forest conservation, protected area management, afforestation and reforestation, bioenergy plantations, agroforestry, sustainable forest management, and urban forestry [75]. Conventional mitigation technologies used in energy, industry, transport, and construction consist of renewable energy; nuclear power; carbon capture; storage and utilization; and fuel switching [76]. The choice and integration of mitigation and adaptation is crucial, especially in agriculture and forestry, to support societal growth and economic stability. Another important aspect of such plans is to address the health implications of climate change, ensuring equitable protection, prevention, and healthcare access across all sectors of society. Overall, a comprehensive approach that integrates mitigation and adaptation strategies along with social, economic, and environmental factors is crucial in combating the challenges posed by climate change.
3.1. Green Activities and the Sustainable Development Goals
The relationship between the biosphere-that is, the function of plants on Earth-and the economy is where the term "green" in its current usage originated [77]. Consequently, to influence corporate behavior toward sustainability, green initiatives require promoting partnerships between industry and civil society. Recognizing the principles of the green economy and green growth is vital in molding development strategies and overcoming challenges associated with both adaptation and  mitigation efforts to counteract climate change. The SDGs related to climate action are interconnected with other goals like food production, health, water, energy, and infrastructure, underscoring the need to adopt an all-inclusive approach to sustainability [77][78]. Hence, the global initiatives to mitigate and adapt to climate change can greatly benefit from the involvement of the financial sector. This will also help in achieving the SDGs set forth by the United Nations [77][79].
Understanding investor preferences for green initiatives helps corporations develop products that attract sustainability-minded investors, promoting a green mandate in society. One such approach is the use of green bonds, which are used by companies for environmentally friendly projects, that help reduce carbon emissions in non-financial sectors [80]. Positive results from green bonds emphasize their role in achieving SDGs, particularly in climate mitigation and adaptation, and underscore the importance of sustainable business practices in advancing environmental goals [77]. Although the funds raised through green bonds are limited, they indicate a commitment to climate-friendly initiatives.
An illustration of green bonds is the World Bank's issuance, as it has been a leader in the green bond market. In 2008, the World Bank introduced its first green bond to fund climate-centric projects. Among these projects is the Rampur Hydropower Project in India, which was financed through these bonds. A thermal power station of the same capacity, if powered by coal or oil, would emit about 2 million tonnes of carbon dioxide yearly, 6000 tonnes of nitrogen oxides, and 12000 tonnes of sulphur oxides into the atmosphere every year. The construction and operation of the Rampur hydropower plant effectively prevents this significant amount of pollution. This project demonstrates how green bonds can support climate mitigation efforts while also providing social and economic benefits, such as reliable power supply and local job creation [81].
Green growth, therefore, focuses on economic development alongside environmental enhancement through innovation, efficient resource management, and the generation of green jobs. A green economy integrates economic growth with environmental sustainability to enhance human well-being while maintaining natural systems. It involves efficient resource use, green investments, and green jobs that reduce energy consumption and greenhouse gas emissions. Making the environment the primary consideration when taking economic decisions contributes to reducing pollution, mitigating climate change, preserving biodiversity, and protecting natural resources for future generations. Investing in renewable energy sources, which reduce dependency on fossil fuels, such as solar and wind power, can help achieve this. Eco-friendly practices in industries and transportation, such as limiting emissions and promoting cleaner technologies, improve air and water quality, benefiting both the environment and public health. Integrating environmental priorities into economic strategies improves overall health, promotes social equity through green job creation, and fosters resilience against environmental challenges.
3.2. The Green Deals and Action Plans
Several initiatives around the world aim to address climate change and promote sustainability. These include China's Green Development Policy; Canada’s Climate Plans and Targets; Japan’s Green Growth Strategy; Korean Green New Deal; Germany’s Climate Action Plan 2050; India’s National Action Plan on Climate Change (NAPCC) among others. The European Green Deal, introduced in December 2019, aims to make the EU more environmentally friendly and sustainable. The plan includes new rules for industries, transportation, agriculture, and buildings to reduce energy consumption and pollution. It emphasizes investments in clean technologies, eco-friendly transport, and energy efficiency to create a healthier and more sustainable economy. The goal is for Europe to become the first climate-neutral continent, demonstrating leadership in environmental protection and combating climate change for a better future [82].
 3.2.1. India’s National Action Plan on Climate Change
India's performance in achieving the UN-mandated Sustainable Development Goals is ranked 112th out of 166 countries, according to a 2023 assessment by the Centre for Science and Environment. India has effectively accomplished its pre-2020 voluntary goal of lowering its GDP's emissions intensity by 20–25% relative to 2005 levels. Both mitigation and adaptation methods are covered within the NAPCC, which serves as India’s climate policy framework. Sustainable habitat, water conservation, preserving Himalayan ecosystems, solar energy, enhanced energy efficiency, Green India programs, sustainable agriculture, and strategic climate change knowledge are the eight core aims of the plan [83].
4. Assessment of Green Economy and Green Growth
One of the most important metrics for evaluating environmental sustainability is carbon dioxide emissions. By tracking progress and driving policy, these metrics and indicators of a green economy and green growth contribute to sustainable development. Key indicators are created by the Green Growth Knowledge Platform (GGKP), an international network of specialists and institutions that includes the World Bank and the United Nations Environment Programme (UNEP). The environmental issues covered by UNEP's indicators include waste management, resource efficiency, ecosystem management, and climate change. These are grouped into four categories: identifying problems, creating policies, evaluating them, and monitoring progress. These indicators extend beyond the green economy to include broader policy aspects like green investments, fiscal reforms, and training in green skills [84].
All countries, regardless of  their natural resources or geopolitical status, encounter difficulties on the path to sustainability, such as depleting natural resources and climate change. Normalized Sustainable Development Index (NSDI), Averaging Sustainable Development Index (ASDI) and the Sustainable Development Goal Index (SDGI) are metrics used to assess and compare the sustainability and development progress of countries. While the NSDI focuses on a broader assessment of sustainable development within a country, the SDGI specifically tracks progress towards the UN's global sustainability goals [84]. However, there are discrepancies between the values of NSDI and ASDI, showing that most developing countries face challenging conditions for adopting green technology. This is because industrialized countries often consume more energy and resources than countries with lower levels of consumption, thereby exacerbating environmental degradation [84].
Countries like Kazakhstan, Russia, the United Arab Emirates, Korea, and the United States experience high levels of CO2 emissions because of their heavy involvement in brown industry activities (Carbon-intensive or fossil-fuel-based industries). These emissions are produced by various industries, including oil, gas, and mining. According to Guo et al. 2020  [84], Russia stood out as a developed country with a positive trend in greentech development, having a higher ASDI than its SDGI (Figure 4). Notably, Switzerland, Kazakhstan, and Russia also excelled in managing water and sanitation sustainably according to reports[84].

5. Challenges and Adaptation Strategies
Implementing the green economy and green transformation processes revolves around several key principles. It primarily involves the proper valuation of natural capital, recognizing the essential economic value of nature, such as forests, clean air, and water. Regulation and incentives are employed to encourage eco-friendly practices among businesses and individuals, supported by economic and legal instruments to control pollution, waste, and resource consumption. Sustainable production and consumption are promoted to ensure goods are made without harming the environment, coupled with responsible consumption. Equitable distribution ensures that the benefits of a green economy are shared fairly among all people. Education and knowledge sharing, along with building green skills, are vital for encouraging sustainable habits and training individuals in environmentally supportive jobs. The principles of the Green Economy Coalition emphasise sustainability, social justice, and maintaining a healthy planet. Good governance ensures transparency and accountability in managing policies, while resilience focuses on adapting to environmental changes. Efficiency and sufficiency aim at using resources to meet needs without waste, and consideration of future generations ensures long-term impacts are accounted for in present actions.
The private sector is essential in implementing the SDGs by backing initiatives such as corporate social responsibility, circular economy, and environmental efforts. However, there are still significant challenges in achieving the SDGs, including a lack of influential leadership, difficulties in forming effective partnerships, insufficient investments, complex interlinkages among the goals and targets, and inadequate monitoring and evaluation methods [85]. Furthermore, there is an urgent need for more effective, reliable, and measurable indicators to enable the private sector to effectively track progress in implementing the SDGs. For successful collaborations, encouraging multi-stakeholder partnerships and development and ensuring accountability within the private sector are essential. By embedding the SDGs within assessment rules, both governments and the private sector can facilitate decision-making processes and strengthen partnerships for sustainable development [85] [86].
5.1. Co-benefits Approach and Policy Trade-offs
The co-benefits approach involves identifying additional benefits from pursuing environmental or sustainable goals alongside primary objectives. Actions taken to address one issue, such as climate change or pollution, can positively impact other areas, promoting multiple benefits simultaneously. For instance, encouraging the use of renewable energy sources can lower greenhouse gas emissions and mitigate climate change. However, this might negatively affect traditional energy industries, leading to job losses or economic challenges [87][88]. By considering these trade-offs, policymakers can implement measures to support affected industries or communities during the transition to a greener economy.
5.1.1. Smart green planet
A Smart Green Planet envisions harnessing digitalization to achieve sustainability goals, ensuring resource efficiency while safeguarding the environment and global health. The concept advocates for a transformation in industries towards practices like designing for zero waste, smart auditing, waste-to-resource conversion, and industrial symbiosis to promote sustainability and resource efficiency. For example, in industrial symbiosis, one company's waste material e.g.  heat, water, or by-products can be used as a resource by another company, creating a mutually beneficial relationship that minimizes waste and optimizes resource utilization for both parties [89][90]. Establishing efficient recycling programs that promote the reuse of materials and resources can significantly contribute to achieving zero waste. Companies like Tesla implement advanced recycling technologies in their manufacturing processes to repurpose materials such as lithium-ion batteries and plastics, reducing waste generation and promoting sustainable practices. The circular economy model can be advantageous because it treats waste as a valuable resource, helping to achieve zero waste objectives. GreenFusion Innovations, Hyderabad, is a prime example of a Smart Green Planet Firm that has successfully implemented sustainable practices in its operations, focusing on zero-waste manufacturing strategies. GFI delivers sustainable, cost-effective, and innovative strategies using new technological solutions to the Renewable Energy Sector.	Comment by REZA EDDIN OWFI: Green fusion Innovations
In a Smart Green Planet, innovations such as autonomous vehicles and lights-out manufacturing reduce hazards by minimizing human presence in factories and transport infrastructure. However, these advancements may also lead to potential job losses, necessitating a thorough assessment of societal impacts [89]. Digitalization offers the potential to leverage untapped big data for societal and environmental benefits, paving the way toward addressing challenges related to the United Nations SDGs.
6. Conclusion and Future Perspectives
Human and environmental health relies on a foundation of agriculture, economy, social structure, and biodiversity all of which are threatened by climate change. Actions and policies are devised at both national and international levels to combat and prevent it. Recent research efforts have been for enhanced crop production with improved product quality, and properties for increased resilience against heat, drought, pests, and other extremes [91] [92]. Biofuels such as bioethanol, biodiesel, biogas, and biohydrogen are organic, biodegradable, and environment-friendly energy alternatives, that require technological and governmental policy encouragement to develop as a sustainable measure to lessen the effect of climate change [93]. The application of nano-sized particles and materials as a technology is well established in the environmental remediation of wastewater treatment, greenhouse gas emission, fuel crisis, and pollutants all of which contribute to climate change [94] [95]. The various forms of nanomaterial application include sensors, coatings, lubricants, metals, catalysts, packaging, functionalized nanomaterials, metal-organic frameworks (MOFs), carbonaceous materials, and zeolites to name a few. A reliable and transparent information-based distribution of resources and rational usage of resources backed by government support and control are required for the successful implementation of climate change pledges.  
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Figure 1: Effects of climate change and interconnections. Adapted from Hussain et al., 2018 [11].
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Figure 2: Effects of climate change

Table 1: Climate change Impacts on agriculture and Mitigation Approaches and adaptation strategies.
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Figure 3: A summary of mitigation and adaptation strategies for combating climate change.  Boxed sectors impact the decision-making for the strategy.  Adapted from Abbas et al., 2022 [17].
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Figure 4: Carbon dioxide per capita emission and SDGIs in 2019. Adapted from Guo et al., 2020.
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