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5 Conclusions 

This study confirms a substantial gap in land-use flux esti

mates between BMs and NGHGis, equal to 6.7 GtCO2 yc 1 

globally for the period 2000-2020, with the majority of the 

discrepancy occurring on forest land. For the first time, we 

also provide a comprehensive comparison for specific cat

egories, such as forest land, deforestation, organic soil and 

others, at the regional and country levels. When BMs, which 

only reflect direct anthropogenic effects, are adjusted with 

estimates from DGVMs to incorporate the human-induced 

environmental change (indirect human-induced effects) on 

managed forests, the gap is greatly reduced at the global 

level (to 0.3 GtCO2 yr- 1 ) and for most regions and coun

tries. This confirms that the majority of the difference in land 

CO2 fluxes between global models and country reports is not 

due to differences in flux estimates in a given area but rather 

due to whether these fluxes are considered anthropogenic 

(and thus reported in NGHGis) or natural. By making esti

mates of BMs conceptually and quantitatively more compa

rable to NGHGls, our approach contributes to bridging the 

estimates of these two different communities and enables 

methodological improvements and consistency with global 

budgets that determine climate trajectories and pathways to 

net-zero emissions. 

However, some relevant discrepancies remain, which de

serve further investigation from both NGHGis and global 

models. For example, the adjusted BMs' results provide a 

forest sink that is often greater than NGHGls, especially 

in NAI countries, while in Asia, BMs estimate higher CO2 

emissions from deforestation and agricultural lands than 

NGHGis. Our study also highlights priority areas of research 

for future comparisons between global models and NGHGis, 

such as identifying the fluxes associated with shifting agri

culture and further disaggregating the fluxes to the level of 

carbon pools (at least biomass and non-biomass). 

Irrespective of the attribution of the net CO2 flux in man

aged land to anthropogenic or natural drivers - which might 

have implications for the climate targets of countries - it is 

crucial for climate policy development to understand with 

greater confidence where this flux occurs (i.e. which coun

try, which land use and which pools are affected), along with 

its temporal evolution. In this regard, future studies could 

test the plausibility of our estimated fluxes for managed land 

(i.e. a net sink of ca. -2 GtCO2 yr- 1 ) relative to the net 

land-atmosphere flux from the Global Carbon Budget (a sink 

of ca. -6 GtCO2 ye 1 ). Particularly, it remains questionable

whether the difference between the two estimates occurs in 

the relatively small land area that has remained unmanaged. 

If this is the case, the individual contributions of unmanaged 

forest, grassland and wetlands should be quantified. If not, it 

would imply that our estimated net global sink for managed 

land is underestimated, e.g. because the NGHGis are incom

plete and do not fully include the impact of human-induced 
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environmental change, and/or because of the relatively sim

ple representation of management processes by the BMs. 

By harmonising the way the anthropogenic land-use fluxes 

are estimated by global models and countries, this study 

represents an important step forward for increasing confi

dence in LULUCF fluxes at global, regional and country 

levels. While offering a blueprint for operationalising fu

ture comparisons, our approach builds an upscaling frame

work that ensures greater consistency between the report

ing by countries and the estimates and constraints offered 

by the global carbon budget. This consistency is crucial to 

building the necessary confidence in our monitoring and re

porting systems and therefore to support investment in land

use mitigation and assess countries' collective progress under 

the Global Stocktake process towards the goals of the Paris 

Agreement. 
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