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1 Introduction

Forests play a vital role in global carbon sinks, sequestering 15.6 billion tons of

atmospheric carbon, annually (FAO, 2024). As a result, they offer myriad ecosystem

services, notably climate change mitigation, and promoting ecological sustainability (Wu

et al., 2020; Forest Declaration Assessment Partners, 2024). Approximately 45% of the

organic carbon present in biomass and soil is stored within forests (Kafy et al., 2023; Gorain

et al., 2025), which is essential from both ecological and environmental perspectives (Forest

Declaration Assessment Partners, 2024; Gorain et al., 2025). Unfortunately, terrestrial

forests currently face significant threats due to human activities such as agricultural

expansion, land use and land cover change, over-exploitation, and infrastructure

development (Williams et al., 2021; Forest Declaration Assessment Partners, 2024),

which subsequently lead to changes in forests, carbon storage dynamics, and ecological

functionality (Kafy et al., 2023; Qasha et al., 2024; Gorain et al., 2025). In order to restore

the ecological functionality of degraded forests and lands, it is essential to embrace the

Forest Landscape Restoration (FLR). FLR determines the carbon storage dynamics and so

that the climate change mitigation and human wellbeing (Garrett et al., 2022; FAO, 2024;

Gorain et al., 2025).

The carbon sequestration in forests is not merely achieved by following forest

management practices (e.g., enrichment planting, regeneration, silviculture management,

agroforestry systems, afforestation, reforestation, and selective logging assessments), but

also by managing the balance between biomass accumulation, mortality, decomposition,

Frontiers in Forests andGlobal Change 01 frontiersin.org

https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org/journals/forests-and-global-change#editorial-board
https://www.frontiersin.org/journals/forests-and-global-change#editorial-board
https://www.frontiersin.org/journals/forests-and-global-change#editorial-board
https://www.frontiersin.org/journals/forests-and-global-change#editorial-board
https://doi.org/10.3389/ffgc.2026.1780993
http://crossmark.crossref.org/dialog/?doi=10.3389/ffgc.2026.1780993&domain=pdf&date_stamp=2026-02-17
mailto:yasrawat@gmail.com
https://doi.org/10.3389/ffgc.2026.1780993
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/ffgc.2026.1780993/full
https://www.frontiersin.org/research-topics/67747/forest-landscape-restoration-flr-and-carbon-storage-dynamics
https://www.frontiersin.org/journals/forests-and-global-change
https://www.frontiersin.org


Rawat et al. 10.3389/�gc.2026.1780993

soil carbon stabilization, and disturbance regimes (Gorain et al.,

2025). It is, therefore, suggested to shift carbon into more stable

pools (e.g., large, long-lived trees, and protected soil carbon)

and to reduce vulnerability to disturbances that cause large

carbon losses. The effectiveness of sustainable forest management

practices is contingent on local ecological conditions, climate,

and its long-term impact on forest structure, species composition,

and soil carbon dynamics (Qasha et al., 2024). Therefore, it is

essential not only to conserve the forests but also to expand

them to enhance carbon stock through FLR and sustainable forest

management practices those are in harmony with the UN Decades

on Ecosystem Restoration aiming mitigating climate change

impacts and conserving biodiversity (FAO, 2024). Fortunately, the

global imperative to mitigate climate change has positioned forest

ecosystems as the primary terrestrial carbon sink, necessitating

a scientific understanding of how management, restoration, and

economic frameworks interact with forest growth (Gorain et al.,

2025).

FLR is no longer merely a biological endeavor but a

complex socio-ecological strategy that seeks to regain ecological

functionality and enhance human wellbeing across deforested or

degraded landscapes (FAO, 2024). In this backdrop, this Research

Topic on the FLR and Carbon Storage Dynamics addresses

various emerging gaps and priorities that are essential for climate

change mitigation, biodiversity conservation, sustainable land

use, and the enhancement of human wellbeing. It further presents

diverse strategies from high-precision spatial modeling and

long-term agroforestry trials to innovative green productivity

metrics that aim to optimize carbon sequestration while

ensuring economic and ecological stability. By examining

forest dynamics across various biomes and governance structures,

this Research Topic provides a comprehensive foundation

for leveraging forest growth as a natural climate solution by

integrating diverse considerations, including socio-cultural factors,

silviculture, scientific advancements in carbon monitoring,

ecological functionality, and climate change impacts into the

implementation of sustainable forest management. This Research

Topic has further sought to assess and enhance the carbon

sequestration capabilities of forests and refine management

practices to support broader climate change mitigation and

biodiversity conservation efforts along with quantification of

carbon sequestration rates across various restoration methods

(Burru et al., 2025).

Each article published in this Research Topic is focused

to bridge the existing knowledge gaps and contributes to

the development of effective, sustainable forest management

strategies, thereby supporting global efforts under the UN Decades

on Ecosystem Restoration. This Research Topic presents ten

contemporary valuable contributions from dedicated scholars

that provide empirical investigations and findings on FLR

and carbon storage dynamics with regard to climate change

mitigation, sustainable forest management, ecosystem services, and

biodiversity conservation in the context of global environmental

change focusing on: advanced modeling and productivity metrics

in forest growth; silvicultural interventions and ecosystem

disturbance; landscape restoration and afforestation strategies as

well as socio-economic frameworks and industrial integration. The

articles are summarized below under the four important categories.

2 Advanced modeling and
productivity metrics in forest growth

Kuang and Chen, address the spatial heterogeneity of forest

carbon stocks in the Xiangjiang River Basin urban agglomeration

by applying a multiscale geographically weighted regression

(MGWR) model. Their research identifies five key variables

(average diameter at breast height, stand density, average age, tree

height, and annual precipitation) to estimate the spatial distribution

of large-scale carbon stocks with high precision. The findings

demonstrate that the MGWR (Gaussian) model provides superior

estimation accuracy compared to traditional global regression

models, identifying an overall distribution pattern characterized by

high central and low peripheral carbon values, with an estimated

unit area carbon stock of 31.162 t/hm2. This spatial non-stationarity

approach allows for a more nuanced understanding of how

urbanization and industrial activities in areas like the Changsha-

Zhuzhou-Xiangtan core impact forest carbon sink functions.

Jiang and Li, explain in detail a multidimensional analysis

of China’s forestry green total factor productivity (GTFP) from

2000 to 2020, revealing how traditional metrics often overestimate

performance by omitting environmental costs. Utilizing the

Slacks-Based Measure (SBM) and Non-radial Directional Distance

Function (NDDF), they identify forest carbon stock (FCS) as a

structural determinant of efficiency, noting that while traditional

productivity grew significantly (11% annually), GTFP increased by

only 1% due to the gradual nature of forest growth. Their study

reveals a pronounced regional heterogeneity; in which the Eastern

region defines the national meta-frontier through green innovation,

while the Western and Northeastern regions face challenges in

balancing rapid economic expansion with the inherent biological

rigidity of carbon sequestration. This framework suggests that the

true level of forestry productivity lies between the overestimation

of market-only total factor productivity (TFP) and the current

underestimation of green productivity that may still omit non-

market services like biodiversity.

3 Silvicultural interventions and
ecosystem disturbance

Forestry management practices play a crucial role in regulating

biomass accumulation and carbon sequestration, with important

implications for climate change mitigation (FAO, 2024; Burru

et al., 2025; Gorain et al., 2025). Ali et al., examine the impact

of thinning and pruning on 50-year-old Larix principis-rupprechtii

plantations in Northern China, providing critical evidence that

management intensity shapes biomass partitioning. Their research

reveals that while intensive management promotes individual tree

growth (increasing DBH and height), it significantly compromises

cumulative stand-level carbon stocks. Specifically, heavy thinning

reduces aboveground and belowground biomass by up to 42.9%

and 42.6%, respectively in comparison to control treatments. Their

study concludes that light to moderate thinning integrated with

light pruning offers the most sustainable balance, maintaining
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forest health and productivity without substantially depleting the

plantation’s ecological role as a carbon sink.

Ono et al., explore the effects of prescribed burning frequency

on the annual soil carbon balance of loblolly-shortleaf pine

forests in East Texas over a 20-year period. They observed

that frequent burns (annual or intermittent) reduced fine root

biomass and soil autotrophic respiration (Ra), likely due to

lower investment in root maintenance and reduced mycorrhizal

colonization compared to unburned stands. However, as a result

of mutually offsetting ecological responses including reduced

heterotrophic respiration (Rh) stemming from lower fine root

detritus the net soil carbon balance remained statistically similar

across all fire regimes, losing between 71 and 167 g C m−2

year−1. This suggests that while fire management alters the

fundamental processes of belowground carbon allocation, low-

intensity prescribed burns can be utilized for habitat restoration

and wildfire risk reduction without causing a significant net loss of

mineral soil carbon.

4 Landscape restoration and
a�orestation strategies

FLR is a cost-effective and nature-based climate mitigation

strategy that aims to regain ecological functionality and enhance

human wellbeing across degraded and deforested landscapes

(Kafy et al., 2023; Qasha et al., 2024; FAO, 2024; Burru

et al., 2025). Restoring forests through natural regeneration,

assisted planting, and sustainable land-use practices, FLR increases

carbon sequestration in biomass and soils, thereby reducing net

greenhouse gas concentrations in the atmosphere (Kafy et al., 2023;

Gorain et al., 2025). Focusing soil protection, carbon sequestration

potential, resilience, and adaptability, Tudor et al., provide a

global bibliometric review of pine afforestation on degraded lands,

synthesizing research on 38 pine species utilized for soil protection

and carbon sequestration. Their analysis reveals resilience and

adaptability of pines (such as Pinus sylvestris and Pinus nigra)

across various harsh conditions, including mined lands and semi-

arid regions. The study demonstrates that while pine monocultures

offer economic productivity, mixed pine forests with deciduous

species often provide a superior balance for long-term ecosystem

restoration and atmospheric CO2 sequestration. Furthermore, they

identify and discuss significant research trend shift after 2015

toward broader environmental concerns like biodiversity recovery

and climate change adaptation in the context of reforestation.

Barman et al., present evidence from a 15-year study in the

IndianHimalayas, demonstrating that mulberry-based agroforestry

systems significantly enhance soil organic carbon (SOC) pools in

both surface and deep soil layers. Their results indicate that the

integration of Morus alba with cowpea-toria cropping (T7) results

in a higher carbon accumulation rate of 0.99Mg C ha−1 yr−1,

which is 160% higher than traditional farmers’ practices. Their

study further reveals that these systems attribute 44.82% of their

carbon sequestration to the deep soil layer (30–60 cm), proving that

tree-based systems are a vital strategy for the long-term stabilization

of SOC and the restoration of degraded mountain landscapes.

5 Socio-economic frameworks and
industrial integration

Greenhouse Gas (GHG) emissions have accelerated climate

change, leading to substantial environmental and socio-economic

impacts, including sea-level rise and an increased frequency

of extreme weather events (FAO, 2024; Gorain et al., 2025).

The growing urgency to mitigate these effects has prompted

governments and industries to pursue innovative strategies aimed

at reducing carbon footprints and advancing sustainability.

Sustainable forest management practices, which enhance carbon

storage in both forest ecosystems and harvested wood products,

represent a promising approach for reducing atmospheric CO2

concentrations (Burru et al., 2025). Climate change mitigation

strategies increasingly emphasize carbon trading, with forestry

and agroforestry management systems offering significant potential

for carbon sequestration while supporting sustainable livelihoods.

Jaisridhar et al., explain the findings of a systematic review

of carbon sequestration potential in the North Western Ghats

of India, identifying agro-horticulture systems as the most

effective configuration for the region. Their analysis suggests that

agroforestry is approximately four times more profitable than

monoculture agriculture, even without accounting for carbon

revenues, although high transaction costs and methodological

complexities remain significant barriers for participation by

smallholder and marginalized communities. The research proposes

a methodological framework that links carbon storage with

livelihood benefits, advocating for simplified monitoring and

verification protocols to make carbon trading more accessible to

resource-poor farmers.

Yu et al., develop a scientific framework for forest horizontal

ecological compensation in Chongqing, China, utilizing a carbon

budget approach to define responsible entities. By measuring

carbon emissions and forest sequestration across 38 districts,

they establish a spatial pattern of “southwest compensating

the east,” where economically developed urban areas provide

financial support to resource-rich ecological protection zones.

Their study advocates for differentiated regional compensation

standards that reflect local economic development levels and

resource endowments, aiming to achieve a synergistic symbiosis

between forest ecology and economic growth under China’s “dual-

carbon” goals.

Zhang et al., assessed the coupling coordination relationship

between forestry industry development and the ecological

environment in Northeast China from 2011 to 2022. Using the

Pressure-State-Response (PSR) model, they found that while the

industry and the environment generally promote one another,

a specific gap remains between current levels and the ideal

state of coordination. Their findings suggest that provinces

like Heilongjiang and Jilin must restructure their transformation

models by advocating for clean production projects and low-carbon

economic development to resolve the contradiction between the

consumption of forest resources and environmental preservation.

Pullalarevu et al., provide a qualitative assessment of corporate

timberland companies’ participation in carbon programs,

identifying financial returns as the primary motivator for entities

like Timber Investment Management Organizations (TIMOs)
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and Real Estate Investment Trusts (REITs). The study reveals that

regulatory uncertainty, high transaction costs, and administrative

complexity are major deterrents, with timber markets often

remaining more attractive than carbon offset initiatives. To

scale up corporate involvement, they emphasize the need for

stable policy frameworks, standardized carbon accounting, and

the potential integration of carbon-storing wood products into

market strategies.

6 Synthesis and future outlook

Finally, these studies suggest that forest growth is not merely

a biological process but a managed ecological asset that requires

precise spatial modeling, strategic silvicultural interventions, and

robust policy integration (Chazdon et al., 2017; Besseau et al.,

2018; Li and Zhou, 2022; Pretzsch, 2022; Gorain et al., 2025).

Whether through the deep root systems of Himalayan agroforestry

or the high-tech spatial monitoring of urban agglomerations, FLR

must balance immediate economic needs with long-term carbon

stability (Nitoslawski et al., 2019; Bishowo, 2020; Dhyani et al.,

2021; Barman et al.; Jiang et al., 2025). To comprehend this balance,

onemight view forest carbon storage as a biological engine, whereas

silvicultural management serves as the fuel and tuning necessary

to enhance tree growth. The engine’s long-term sustainability, or

carbon sequestration, relies on the structural integrity of the soil

and the legislative framework that underpins it. Future research

must continue to refine these dynamics, ensuring that the global

expansion of forest landscapes provides a resilient and verifiable

sink for the world’s carbon (Ontl et al., 2020; Gorain et al., 2025).

The ten research and review articles included in this

Research Topic provide a comprehensive synthesis of FLR and

carbon storage dynamics, with clear relevance to biodiversity

conservation, climate change mitigation, and sustainable forest

management. We sincerely acknowledge the dedicated efforts of

the authors, reviewers, and handling editors whose contributions

were instrumental in bringing this Research Topic to fruition.

Their commitment in addressing existing knowledge gaps and

ascertaining future research directions has significantly advanced

understanding in the fields of FLR and carbon dynamics,

while strengthening the scientific basis for ecosystem service

enhancement and sustainable forest management (FAO, 2024;

Gorain et al., 2025). Collectively, these studies represent a valuable

contribution to the literature and are expected to stimulate further

research on FLR and carbon storage dynamics in the context of

global environmental change.
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