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We’re lost: can you tell me where we are? 

And you must be a policymaker. 
We gave you an accurate answer, but you 

don’t understand and blame us

You are at Latitude ABC and Longitude XYZ, at 100 m 
above sea level.

You must be a scientist. We asked you a simple 
question, you gave us  too complex information 

and we’re still lost.



Global Carbon budget (2013–2022)

Fossil fuel  emissions
~ 35 GtCO2/yr

Land use changes
~ 5 GtCO2/yr

Atmosphere
~ 18 GtCO2/yr

Oceans
~ 10 GtCO2/yr

Sources                      Sinks

LULUCF in global models: 
land-use change, harvest, regrowth

Natural sink in global models: 
response of land to human-induced 

environmental changes (increased atm. 
CO2, etc.)

Land
~ 12 GtCO2/yr

LULUCF in national inventories: GHG flux from managed lands

No, that’s 
anthropogenic

That’s 
natural

Most of the discrepancy is in 
“forest remaining forest”

Approach to reconcile the gap: add the CO2 sink considered ‘natural’ (estimated by Dynamic Global 
Vegetation Models) to the anthropogenic forest flux by Bookkeeping models.
This way, Bookkeeping models’ results are adjusted to NGHGIs’ definition 

Approx. numbers from Friedlingstein 
et al 2023; Grassi et al. 2023



“Translating” Global models’ results to make them more comparable with GHG 
inventories is a pragmatic short-term fix to ensure a more accurate assessment of 

the collective country climate progress under the Paris Agreement.
This has been done bot for the historical period and for future emission scenarios

Navigation system: 
Global models

Navigation system: 
Global models



Reconciliation of historical data

Now we understand 
better each other!

after reconciliation 

before reconciliation 

adjusted to NGHGI definition

6-7 
GtCO2



Blueprint for 
comparing 

anthropogenic 
land-use fluxes at 

various levels

areas for further 
investigation



Where these results stands in the Global C budget?

Can this difference be explained by sinks in unmanaged area?
Addressing current incosistencies between Bookkeping models 
and DGVMs will affect results

(averages 2000-2020)



Reconciliation of future emission scenarios

= fluxes on ‘managed land’: direct+indirect

Integrated Assessment Models



Global carbon budget (models’ approach)
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a)

b)

Energy and 
industry

Net zero year: 2069

Remaining C budget: 
931 GtCO2

Budget adjusted to NGHGIs’ approach
d)

e)
Relocating part o

f the forest sink

Sink considered anthropogenic by 

countries and natural by models

The red line does not change

The grey area does not change, but now the green area 
is counted in the anthropogenic CO2 flux

Net zero year: 2066

Remaining C budget: 
761 GtCO2



What is the 
remaning GHG 
budget until 
neutrality for a 
2oC scenario 
(SSP2-2.6)?

This looks like I 
need to increase 
mitigation efforts 
compared to my 
previous 
understanding!
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NGHGI-
compatible
pathways 

1573 GtCO2-eq.

However, this is NOT 
comparable with your 
country data

We need to adjust the 
scenarios to make it 
comparable with NGHGIs

Doing so, the remaining 
GHG budget for 2oC the 
way you calculate becomes 
1381 GtCO2-eq. (-12%) 

Our adjustment does not change the original decarbonization pathways, but 
reduces the original IAM emissions to allow a like-with like comparison. 

However, it may change the perception of countries regarding the level of net 
emissions they need to achieve, the urgency of action and the concept of net zero.

Economy-wide emissions



Conclusions and possible next steps

The main reason of the LULUCF gap between countries and global models is understood 
and can be largely reconciled. 

A lot of work is still to be done:

• Countries à greater transparency on data/methods, greater completeness of 
estimates, definitions/area of managed lands, more clarity of LULUCF within climate 
targets 

• Global models à better representation of land use areas and management, 
consistency between anthropogenic and natural fluxes, results disaggregated to be 
comparable to countries, etc.. 

Next steps: further increase comparability, operationalize the comparison, assess and 
communicate the implications (remaining carbon budget, net zero)



All roads to Paris pass through forests. 
Attention not to get lost among the trees.
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