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ABSTRACT 

In the face of escalating climate change, the management of global carbon stocks stands out as among one of the 

critical mitigation strategies.  In this review article, we explore the concept of carbon stocks by considering three 

important global case studies: the Amazon Fund (Brazil) for conservation, the Himachal Pradesh Reforestation 

Project (India) for sequestration, and the Loess Plateau Rehabilitation (China) for landscape restoration. We will 

analyse the implementation strategies, socio economic co-benefits, and the challenges that these projects have 

faced. Furthermore, we will also explore how technological carbon removals play a complementary role in 

carbon removal. Lastly, we will conclude with an understanding that effective carbon stock projects are those 

that integrate climate goals while strengthening community livelihoods, robust monitoring, review and 

evaluation, and stable political and financial support, offering a holistic pathway toward achieving global climate 

targets. Building on reviewer feedback, this revised review also critically examines the political, market, and 

ecological trade-offs each project encountered, incorporates updated quantitative outcomes, and proposes 

indicators for assessing the long-term sustainability of carbon stock interventions. 

INTRODUCTION  

The Critical Role of the Carbon Cycle and Stocks 

Carbon stocks refer to the total amount of carbon stored in various global carbon pools, including the atmosphere, 

oceans, fossil fuels, and terrestrial ecosystems (Giri & Pant, 2020). The balance and status of these stocks are 

subject to both natural and anthropogenic activities that alter the carbon cycle. The carbon cycle describes the 

continuous flux of carbon between the atmosphere, oceans, land, and biosphere.  

 

Figure 1: The Carbon Cycle 
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According to (Debie & Abro, 2024), they underscore its importance for regulating Earth's temperature and 

sustaining life. Studies have shown that land-based ecosystems alone store two to three times more carbon than 

the atmosphere, making them indispensable tools against climate change through carbon sequestration. 

Ganzemmüller et al., 2020 noted that human activities like deforestation and fossil fuel combustion are the 

common anthropogenic activities that alters these carbon stocks by converting them into sources of atmospheric 

CO₂ and contributing to the global climate change catastrophe.  

 

Figure 2: David Babb, Comparative carbon stocks in terrestrial ecosystems and atmosphere  

To strategically manage these stocks, conservation, enhancement, and restoration are among the key strategies 

implemented for climate mitigation. For this reason, we will explore key unique case studies that highlight each 

of these strategies in detail. 

A Framework for Carbon Stock Management 

Carbon stock projects generally align with three primary objectives: 

Conservation: Protecting existing, high density carbon stocks from degradation or loss (e.g., preventing 

deforestation). 

Sequestration: Actively removing carbon from the atmosphere by creating new biomass (e.g., afforestation and 

reforestation). 

Restoration: Rehabilitating degraded ecosystems to recover their ecological functions, including their capacity 

to act as carbon sinks. The following case studies exemplify these approaches on a global scale. 

Global Case Studies in Carbon Stock Management 

The Amazon Fund, Brazil: A Conservation Based REDD+ Model 

The Amazon rainforest, often coined the "lungs of the planet" plays a critical role in global carbon cycling and 

biodiversity conservation.  
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Figure 3: The Amazon basin map, H.D Eva et al 

In response to increased deforestation rates, Brazil launched the Amazon Fund (Fundo Amazônia) in 2008. It 

was entrusted for management by the Brazilian Development Bank (BNDES), with the fund established as a 

pioneer financial mechanism to mobilize resources for actions that prevent, monitor, and combat deforestation, 

while at the same time promoting the preservation and sustainable use of the Amazon biome. The BNDES is 

responsible for the fund's financial management and project portfolio. However, strategic direction is provided 

by a Steering Committee (COFA), which includes representatives from the federal government, state 

governments from the Amazon region, and Brazilian civil society organizations. This multi-stakeholder 

approach ensures that diverse perspectives, particularly from those most affected by deforestation and 

conservation policies, are integrated into decision-making (May et al., 2011). The figure below shows the trend 

in deforestation from 1988 to 2011. 
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The Brazilian National Institute for Space Research (INPE), provides the official data on Amazon deforestation 

rates using remote sensing and satellite imagery. These transparent and scientifically sound data are used to 

verify emissions reductions, which in turn trigger donations to the fund. This creates a results-based framework 

where financial support is directly linked to proven conservation outcomes (Assunção et al., 2020). The 

effectiveness of the Amazon Fund was closely linked to Brazil’s broader conservation framework under the 

Action Plan for the Prevention and Control of Deforestation in the Legal Amazon (PPCDAm). During the initial 

phases of PPCDAm (2004–2012), Brazil strengthened satellite-based monitoring systems, expanded protected 

areas, restricted environmentally non-compliant rural credit, and intensified environmental law enforcement. 

These interventions contributed to an approximately 80% reduction in Amazonian deforestation between 2004 

and 2012, with annual forest loss declining from 27,772 km² in 2004 to 4,571 km² in 2012 (West & Fearnside, 

2021). 

 

Figure 5. Brazilian Legal Amazon deforestation pre-PPCDAm and during PPCDAm-I, II, and III (INPE, 2020). 

Supported Activities and Strategic Focus 

 Sustainable Forest Management and Community Forestry: Supporting practices that allow for the 

economic use of the forests without destroying it. 

 Indigenous and Community Land Tenure: Strengthening the control and management capacities of 

Indigenous peoples and traditional communities, whose lands are proven to have lower deforestation 

rates (Nepstad et al., 2006). 

 Monitoring and Enforcement: Financing advanced monitoring systems, including satellite technology 

and on-the-ground patrols, to combat illegal logging and land grabbing. 

 Fire Prevention and Control: Funding initiatives to prevent and manage forest fires, which are a major 

source of carbon emissions and forest degradation. 
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Funding and International Partnership 

Norway is the main funder, contributing about $1.2 billion between 2009 and 2021, making it one of the largest 

performance-based conservation agreements in history (Government of Norway, 2021). Germany, through the 

KfW Development Bank, was another major contributor. 

Challenges: Despite the project being internationally recognized as a pioneering REDD+ financing mechanism, 

the Amazon Fund has faced significant structural and political challenges that exposed how vulnerable 

conservation initiatives are to governance and political interference. One of the most significant setbacks 

occurred during the administration of President Jair Bolsonaro (2019–2022), when environmental enforcement 

institutions were weakened, environmental fines declined, and tensions emerged between the federal government 

and international donors. As a result, Norway and Germany suspended their financial support to the Fund in 

2019 as a consequence of disagreements over governance reforms and transparency mechanisms (West & 

Fearnside, 2021). During the same period, annual deforestation rates in the Brazilian Amazon increased 

substantially, reversing earlier conservation gains. Thins and raising concerns about the long-term permanence 

of forest carbon stocks (West & Fearnside, 2021). 

Quantitatively, these governance disruptions had measurable consequences. After declining by roughly 75% 

between 2004 and 2017, annual deforestation in the Legal Amazon rose again during the Temer administration 

(an estimated 29% increase in 2016) and continued climbing under Bolsonaro, reaching a 15-year high in 2022, 

with forest loss equivalent to nearly 3,000 football fields per day (Mongabay, 2018; Wilson Center, 2024). Only 

after a change in federal administration did the trend reverse: the Amazon Fund resumed receiving international 

contributions in 2023, and by 2025 annual deforestation in the Amazon and Cerrado biomes had fallen by 

11.08% and 11.49% respectively, prompting Norway to pledge a further US$60 million in performance-based 

support (Government of Brazil, 2025; NICFI, 2024; WWF Brazil, 2025). This volatility illustrates that even 

well-designed results-based finance mechanisms remain highly sensitive to short-term political cycles, and that 

carbon stock permanence cannot be assumed without continuous policy commitment. 

Beyond political risk, the Fund's implementation record reveals a further limitation not always acknowledged in 

the literature. Of the US$1.2 billion pledged between 2008 and 2021 (contributed overwhelmingly by Norway, 

with smaller shares from Germany and Petrobras), only about US$440 million had been disbursed by the Fund's 

tenth year, with nearly two-thirds of that amount channelled to government agencies and only around US$153 

million spread across 64 civil-society and community-focused projects (Mongabay, 2018). Practitioners have 

noted that smaller, community-based organizations in remote forest areas often struggle to access these resources 

or meet reporting requirements, and that the Fund's emphasis on monitoring and enforcement has not been 

matched by comparable investment in building sustainable forest-based economies, in a region that, despite 

covering more than half of Brazil's territory, contributes only around 8% of national GDP (Mongabay, 2018). 

Where community-level economic alternatives have been prioritized, results have been more encouraging: one 

IPAM-supported initiative operating within the wider Fund portfolio was associated with a 68% increase in 

participating household incomes alongside a 79% reduction in local deforestation, demonstrating that the socio-

economic co-benefits envisioned for the Fund are achievable, but not yet uniformly delivered across its portfolio 

(Mongabay, 2018). 

Another important limitation relates to the complexity of balancing economic development pressures with 

conservation objectives. Expansion of cattle ranching, soybean production, illegal mining, and infrastructure 

development continued to exert pressure on forest frontiers despite the existence of conservation financing 

mechanisms (Nepstad et al., 2014). This demonstrates that financial incentives alone may be insufficient where 

broader political-economic drivers of deforestation remain unresolved (Assunção et al., 2015). In addition, some 

conservation interventions and supply-chain restrictions were associated with indirect land-use change effects, 

where agricultural expansion shifted toward new forest frontiers rather than being completely eliminated (Arima 

et al., 2011; Richards et al., 2014). This shows that addressing deforestation in regions where agricultural demand 

is economically attractive is a complex venture. 

Furthermore, while the Fund emphasized community participation and Indigenous land protection, disparities in 

institutional capacity among local communities sometimes limited equitable access to project benefits and 
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technical resources. Some local actors also faced difficulties in navigating administrative and reporting 

requirements associated with funded projects. These challenges illustrate the importance of strengthening local 

governance capacity alongside conservation financing. 

Nevertheless, the Amazon Fund provides important lessons for global carbon stock management. Its experience 

demonstrates that results-based conservation finance can significantly contribute to emissions reductions when 

supported by strong political commitment, transparent monitoring systems, and effective institutional 

enforcement. At the same time, the project highlights that long-term carbon conservation requires policy 

continuity, stable governance structures, and sustained international cooperation to withstand political and 

economic transitions. 

Himachal Pradesh, India: Reforestation under the Clean Development Mechanism  

In the mid-2000s, the state of Himachal Pradesh in northern India launched an afforestation and reforestation 

(A/R) project, establishing itself as a global exemple of carbon sequestration under the Kyoto Protocol's Clean 

Development Mechanism (CDM). This initiative was designed to address climate change by increasing the 

carbon sink capacity of the state's forest cover while at the same time tackling rural poverty and land degradation 

(Himachal Pradesh Forest Department HPFD, 2009). The project represented a shift from traditional forestry, 

aligning environmental goals with economic incentives through the sale of Certified Emission Reductions 

(CERs), or carbon credits. 

Implementation, Governance, and Achievements 

 

Figure 5:Himachal Pradesh region, India. 

The project was implemented by the Himachal Pradesh Forest Department with financial and technical support 

from the World Bank's BioCarbon Fund. This partnership helped devise methodologies and procedures required 

for CDM validation and monitoring (World Bank, 2011). 

Their strategy for implementation focused on engaging local communities to reforest degraded wastelands. The 

project prioritized the use of native, multipurpose tree species, such as oak, deodar, and fodder-yielding trees. 

From a carbon perspective, the project was designed to sequester approximately 3.5 million tons of CO₂ over a 

20- to 30-year crediting period (HPFD, 2009). 
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However, the project's most notable achievements extended beyond carbon. By providing communities with 

access to fodder, fuelwood, fruit, and non-timber forest products (NTFPs), it also created livelihood benefits to 

local communities an approach termed "multipurpose forestry,".  This way, it ensured that the local population 

had a direct stake in the project's success, fostering a sense of ownership and responsibility (Dogra, 2015). 

Furthermore, the restored forest cover contributed to ecological benefits, including enhanced control of soil 

erosion, improved microclimates, and increased groundwater recharge, bolstering the region's resilience to 

climate variability. 

Challenges and Critical Lessons Learned 

Despite its innovative design, the project encountered several challenges: 

 Unclear Land Tenure: Unclear documentation regarding the rights and responsibilities over the 

degraded lands created initial barriers to community engagement and long-term project security 

(Gundimedia, 2013). 

 High Transaction Costs: The processes for CDM certification, including baseline establishment, 

monitoring, and verification, incurred substantial costs, which consumed a significant portion of the 

carbon revenue (World Bank, 2011). 

 Carbon Market Volatility: The project's financial viability was heavily exposed to the volatility of the 

international carbon market. Fluctuations and eventual decline in CER prices posed a major risk to its 

economic sustainability and replicability (Michaelowa & Hermwille, 2019). 

These challenges were not unique to Himachal Pradesh but reflected a systemic weakness of the 

afforestation/reforestation (A/R) modality under the CDM: by April 2012, fewer than 40 A/R projects had been 

registered worldwide under the mechanism, and only a single project had actually received issued credits, 

making Himachal Pradesh one of a very small cohort of operational A/R projects globally (Carbon Market 

Watch, 2012). This scarcity stemmed from the same structural issues encountered on the ground in Himachal 

Pradesh: the complexity and cost of quantifying non-permanent, leakage-prone carbon stocks in forestry 

projects, compounded internationally by the fact that temporary forestry credits (tCERs and lCERs) were not 

accepted within the EU Emissions Trading System, sharply limiting demand (Carbon Market Watch, 2012). 

Compounding this, CER prices collapsed from around €20 per tonne in 2008 to roughly €0.40 per tonne by 2013 

as the CDM market became oversupplied following the 2008 financial crisis and weak post-2012 international 

demand (Emissions-EUETS.com, 2013). Because the project's revenue-sharing model with village communities 

depended directly on carbon credit sales, this price collapse curtailed the very livelihood benefits meant to secure 

long-term community buy-in, illustrating how exposure to global carbon market cycles can undermine local 

adaptation and benefit-sharing arrangements even when project design and community engagement are 

otherwise sound. 

Nonetheless, the multipurpose forestry model provided an important adaptive buffer: because fodder, fuelwood, 

and NTFP benefits were delivered independently of carbon markets, communities continued to derive value 

from the plantations even as CER revenues declined. This is precisely the kind of resilience feature later analyses 

of CDM forestry have identified as important, a project's viability should not rest on a single volatile revenue 

stream (Dogra, 2015). 

The experience of the Himachal Pradesh project underscores that technical carbon sequestration targets are 

insufficient for long-term success. Community participation and tangible local benefits are not only 

complementary but also essential prerequisites for sustainability (Dogra, 2015). A model that integrates carbon 

sequestration with the immediate socio-economic needs of local communities providing fodder, fuel, and food 

creates a more resilient and successful project. 
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Loess Plateau, China: Integrated Landscape Restoration 

The Loess Plateau Rehabilitation Project is another important project that focus on restoration as a carbon 

mitigation strategy. It was launched by China in the mid-1990s with support from the World Bank. It is as an 

example of large-scale, integrated landscape restoration. Confronting an area known as one of the most eroded 

places on Earth, the project demonstrated that even severely degraded ecosystems can be revived through a 

holistic approach that simultaneously addresses environmental degradation and rural poverty (World Bank, 

2007). 

Implementation and Achievements 

The project's strategy targeted the entire watershed system rather than isolated plots. Implementation involved 

measures designed to restore ecological function. These included engineering interventions like terracing 

hillslopes to prevent soil runoff, reforestation and planting of grasses on steep slopes, and a government-enforced 

ban on grazing and farming on land with gradients greater than 25 degrees (Bryan et al., 2018). At the same 

time, farmers were encouraged and supported to adopt sustainable agricultural practices on flatter, more suitable 

land. 

A view of Wuqi county in Yan’an city, Shaanxi province during summer: (a) photograph taken in 2012 and (b) 

photograph taken in 1984. 

 

This project successfully restored approximately 3.6 million hectares of degraded land, and increased vegetation 

cover from 17% to 34% across the plateau (World Bank, 2007). This dramatic reduction in erosion led to a 

significant drop in the sediment load of the Yellow River, mitigating flood risks downstream. From a carbon 

management perspective, the restoration of forests, shrubs, and grasslands led to increased the carbon stocks, 

both in above-ground biomass and in the soil. It is estimated that these land-use changes sequestered between 

57 and 96 million metric tons of CO₂ equivalent over two decades, highlighting the significant carbon 

sequestration potential of landscape restoration (Shi & Shao, 2000). 

Challenges and Lessons Learned 

The transformation required a fundamental shift in local livelihoods, including the displacement of traditional 

grazing and farming practices. This led to initial community resistance, which was addressed through education, 
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direct payments for conversion of land, and support for alternative income sources (Bennett, 2017). Secondly, 

high upfront costs of engineering and implementation incurred were high. This was financed through a 

combination of national government investment and World Bank loans. 

A further limitation, established more clearly by subsequent hydrological research than by the project's own 

reporting, concerns the water costs of large-scale afforestation. A meta-analysis of watershed studies across the 

plateau found that between 2000 and 2015, as forest cover expanded by roughly 35.7%, regional water yield 

declined by an estimated 43.3%, even as the accompanying 21.5% reduction in sediment load confirmed the 

erosion-control benefits (Ngaba et al., 2022). The underlying mechanism is that trees consume substantially 

more water through root uptake and evapotranspiration than the grasses and shrubs they replaced, with modelled 

evapotranspiration rising by around 16.2% over the same period (Ngaba et al., 2022). In a semi-arid region 

already prone to water stress, this represents a genuine sustainability trade-off rather than a purely positive 

outcome: gains in soil retention and carbon storage were achieved partly at the expense of downstream water 

availability, a tension that the project's own monitoring framework, focused primarily on vegetation cover and 

erosion, did not fully capture. 

The primary lesson from the Loess Plateau is that large-scale ecological restoration is not only technically 

feasible but also socio-economically viable when environmental goals are explicitly and strategically linked with 

poverty reduction (World Bank, 2007). The project redesigned the agricultural system to be more productive 

and sustainable on less land. As a result, grain yields doubled and average household incomes tripled, as farmers 

benefited from more productive terraced land and diversified income streams (Bryan et al., 2018). This case 

powerfully demonstrates that gains in carbon stocks and ecosystem health can be achieved in tandem with 

dramatic improvements in food security and human well-being, creating a resilient and self-sustaining cycle of 

positive development. 

Longer-term household-level data from China's associated Sloping Land Conversion Program reinforce a picture 

of genuine adaptation rather than simple compensation. Program participants saw total household income rise 

by around 4.6% relative to non-participants during the initial subsidy period, and by a further 12.5% once 

subsidies were extended at half their original rate after 2007; critically, income did not decline even after 

subsidies expired entirely after 2012, remaining roughly 11.8% above pre-programme levels as households 

restructured their livelihoods around off-farm labour and more intensive use of remaining farmland (Li et al., 

2024). This pattern, sustained income gains that persist after direct payments end, is a rare and encouraging 

example of the kind of long-term self-sufficiency indicator that reviewers of carbon stock projects have called 

for: it suggests that where restoration is paired with genuine livelihood diversification, communities can adapt 

permanently rather than reverting to degrading land uses once subsidies are withdrawn. 

Cross-Cutting Challenges: Political and Market Instability, and Indicators of Long-Term Sustainability 

Read together, the three case studies show that the most severe threats to carbon stock permanence rarely come 

from the technical design of a project itself, but from external political and market volatility. The Amazon Fund's 

largest single reversal followed a change in national government rather than any flaw in its monitoring 

methodology; the Himachal Pradesh project's financial viability was undermined by the collapse of international 

CER prices rather than by poor silviculture; and the Loess Plateau's ecological gains, while durable, exposed a 

hydrological cost that only became apparent once independent researchers examined the programme's 

watershed-scale water balance. Each project, in other words, achieved its core technical objective while 

remaining vulnerable to a risk category largely outside the control of project implementers. 

This pattern points toward a small set of indicators that reviewers and practitioners can use to assess whether a 

carbon stock project is likely to remain sustainable over the long term, beyond simply reporting cumulative 

tonnes of CO₂ sequestered at a single point in time. Drawing on the broader forest-carbon-offset literature, these 

include: (i) permanence risk, typically assessed over a 100-year horizon and buffered through risk-scored credit 

reserves, since even successful restoration can be reversed by fire, logging, drought, or policy reversal (Pan et 

al., 2022); (ii) diversification of financing and revenue streams, so that project viability does not depend on a 

single donor relationship or a single volatile commodity price, as occurred with both the Amazon Fund's donor 

suspension and Himachal Pradesh's CER exposure; (iii) transaction and monitoring cost ratios, given that 
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measurement, reporting, and verification alone can consume 3-42% of total project budgets and transaction costs 

can reach up to 270% of expected project income for smaller projects, eroding the net benefits available for 

community reinvestment (Pan et al., 2022); (iv) persistence of community benefits after external support ends, 

illustrated positively by the Sloping Land Conversion Program's sustained household incomes after subsidy 

expiration; and (v) integration of co-benefit monitoring, including water balance, biodiversity, and food security 

indicators, rather than vegetation cover or carbon stock alone, so that trade-offs such as the Loess Plateau's water 

yield decline are identified early rather than after the fact. A carbon stock project that performs well against its 

primary sequestration target but poorly against these five indicators should, on this basis, be considered fragile 

rather than durable. 

The Complementary Role of Technology 

While Nature-based Solutions (NbS) like forest conservation and landscape restoration are foundational to 

managing global carbon stocks, they face inherent limitations related for scaling up, permanence, and 

vulnerability to climate-driven disturbances such as wildfires and droughts. To meet the Paris Agreement, 

technological Carbon Capture, Utilization, and Storage (CCUS) is a critical complementary strategy, offering 

tools to address emissions that are otherwise unavoidable or to remove carbon dioxide from the atmosphere 

(IPCC, 2022). 

Technological Pathways for Carbon Management 

1. Point-Source Capture: This involves capturing CO₂ emissions directly at the source, such as power 

plants and industrial facilities (e.g., cement and steel production). The captured CO₂ is then compressed 

and transported for utilization or permanent geological storage. This is crucial for decarbonizing hard-

to-abate industrial sectors (Global CCS Institute, 2023). 

2. Direct Air Capture (DAC): Technologies developed by companies like Carbon Engineering in 

Canada and Climeworks in Switzerland sequester ambient CO₂ directly from the atmosphere. This 

process addresses not only current emissions but also historical CO₂, effectively reducing the atmospheric 

concentration (Keith et al., 2018). DAC is energy-intensive but provides a highly controllable and 

locatable carbon removal option. 

Enhancing Permanence and Utilization 

Captured carbon can be utilized (CCU) as a feedstock to produce low-carbon fuels, plastics, and building 

materials, creating a potential economic incentive and a circular carbon economy. However, the climate benefit 

of utilization depends on the longevity of the product and the lifecycle emissions of the process. 

Challenges and the Path Forward 

High capital and operational costs, substantial energy requirements (particularly for DAC), and the need for 

extensive infrastructure for CO₂ transport and storage are most prominent challenges. Widespread deployment 

will require strong policy support, carbon pricing mechanisms, and continued technological innovation to reduce 

costs (IEA, 2023). 

The relevance of technological CCUS to the community-centred case studies above lies less in operational 

overlap, since DAC and point-source capture facilities are not typically sited within the rural landscapes 

discussed in this review, than in risk complementarity. The Amazon Fund, Himachal Pradesh, and Loess Plateau 

case studies each show that nature-based carbon stocks, however well designed, remain exposed to reversal 

through political change, market volatility, fire, or ecological trade-offs such as reduced water yield. Engineered 

CCUS pathways carry a different risk profile: high capital, energy, and infrastructure costs, but comparatively 

low exposure to the socio-political and biophysical reversal risks that affect forests and soils (Jain, 2025; IPCC, 

2022). A portfolio that combines both, deploying NbS for their lower cost, faster deployment, and community 

co-benefits while reserving CCUS for hard-to-abate residual emissions and as a hedge against NbS permanence 

failures, is therefore more robust than reliance on either pathway alone. Recent work on integrating carbon-
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reduction technologies with nature-based solutions similarly frames the two as mutually reinforcing components 

of a single carbon-management strategy rather than competing options, particularly when supported by shared 

monitoring, reporting, and verification infrastructure (Jain, 2025). 

CONCLUSION 

The Amazon Fund has served as a benchmark for results-based finance in forest conservation. Its integrated 

approach combining rigorous, science-based monitoring with a participatory governance structure and a diverse 

project portfolio demonstrates a holistic pathway to reducing emissions from deforestation. While the fund faced 

political and operational challenges in subsequent years, its initial model highlights the importance of aligning 

financial mechanisms with robust monitoring, community engagement, and stable political support to effectively 

manage global carbon stocks. 

The Himachal Pradesh Reforestation Project stands as a critical case study in linking global climate finance with 

local development. It demonstrated that for forest carbon projects to be truly sustainable, they must be designed 

as integrated "multipurpose" initiatives. The project's legacy highlights that the most effective carbon 

sequestration strategies are those that synergize climate goals with community livelihoods, creating a shared 

value proposition that can withstand market and institutional challenges. 

The Loess Plateau project serves as a global model, proving that a holistic, landscape-scale approach that 

integrates terracing, re-vegetation, and sustainable agricultural intensification can reverse severe land 

degradation. Its legacy underscores that the most successful and durable carbon stock projects are those that 

align ecological objectives with tangible economic benefits for local communities, thereby ensuring long-term 

stewardship and resilience. 

A pragmatic climate mitigation portfolio does not pit nature against technology. Instead, the most effective 

strategy is a synergistic one: aggressively deploying NbS to protect and enhance our vast natural carbon sinks 

while simultaneously scaling up technological CCUS to tackle industrial emissions and remove legacy carbon. 

These technologies, such as Carbfix in Iceland (mineralizing CO₂ into rock) and Carbon Engineering in Canada 

(Direct Air Capture), offer additional, durable carbon storage pathways, particularly for sectors that are difficult 

to decarbonize. Together, they offer a more robust and comprehensive pathway to achieving net-zero emissions 

and stabilizing the global climate. 

Taken together, these cases caution against reading carbon stock management success stories in isolation from 

their risks. Political discontinuity, commodity-price volatility in carbon markets, and ecological trade-offs such 

as reduced water availability are not peripheral footnotes but central determinants of whether measured gains in 

carbon storage persist. Future carbon stock initiatives would benefit from building in, at the design stage, the 

sustainability indicators outlined above, diversified financing, transparent cost-to-benefit accounting for local 

communities, and integrated monitoring of water, biodiversity, and livelihood outcomes alongside carbon 

metrics, so that the next generation of conservation, sequestration, and restoration projects can convert short-

term achievements into durable contributions to global climate mitigation. 
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