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Explicit and implicit weighting of the population
in the allocation of a global CO2 budget

Excel tool: Paris-compatible national CO2 budgets for all countries in the world
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Weighting model

The tool allocates a global CO, budget using a weighted distribution key.

The weighted distribution key takes into account the share of the global population and the share of
global emissions of the selected country in a base year (BY):

, P Ej
Bl:(C*ﬂ+(1—6)* BY)*B
PBY EBY

where
B or B! global CO2 budget or national CO2 budget of the country i
Egy or Egy global emissions or emissions of country i in the base year (BY)

Pgy or Péy global population or population of country i in the base year (BY)
C weighting of the population

This distribution key can thus map the two most important factors:!

e current reality
e climate justice

Explicit Weighting Population

With this tool, national CO2 budgets can be calculated for any country in the world by explicitly specifying
the population weighting.

The national budgets (B;) from 2020 (inclusive) onwards are given with an allocation of the global
budget from 2016 (inclusive) onwards (BY = 2016) and from 2020 (inclusive) onwards (BY = 2019).?

See also our simplified web apps for calculating Paris-compatible national CO2 budgets and correspond-
ing linear emission paths:

e EDGAR database: https://national-budgets.climate-calculator.info
e GCP database: https://gcp.national-budgets.climate-calculator.info

! For additional criteria and a discussion of these criteria, see the corresponding excursus in (Sargl, et al., 2026). For
a comparison of resource sharing models, see (Sargl, et al., 2024). For worked examples of the weighting model, see
(Wolfsteiner, 2026; Sargl, et al., 2026).

2 An allocation starting in 2016 is provided, as the German Advisory Council on the Environment (SRU), for example,
supports an approach of this kind (cf. German Advisory Council on the Environment (SRU), 2020). To this end, the
global budget is calculated retroactively from 2016 (inclusive) and the actual emissions for 2016 — 2019 are de-
ducted to obtain the remaining national budget from 2020 (inclusive) onwards.

An allocation from 2020 onwards is recommended, as 2020 has widely been framed as a benchmark year by which
global CO2 emissions should peak.
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Results and emission paths

With our web app https://paths.climate-calculator.info or the corresponding Excel tool (Wolfsteiner &
Wittmann, 2026a), emission paths can be derived from these national budgets. To determine the paths,
six scenario types are offered there that cover the entire range of plausible possibilities, including the
possibility of a temporary emissions overshoot (Wolfsteiner & Wittmann, 2024).

The data required in the web app and in the Excel tool are provided in the ‘Data export — all results’
sheet, which also provides an overview of all the tool’s results.

The cells highlighted in yellow on the ‘Data export’ sheet can be linked locally to the corresponding cells
in the Excel tool (Wolfsteiner & Wittmann, 2026a) for determining emission pathways, so that emission
pathways with different parameters can be calculated there for every country in the world and on a
global basis.

See also our Excel tool ‘ESPM’, which can be used to calculate budgets and paths for all countries based
on the EDGAR database (Wolfsteiner & Wittmann, 2026b).

The ‘graphs EDGAR’ sheet shows the results for the six major emitters, while the ‘PDF results ...” sheets
show the results for all countries in the world.

Implicit Weighting Population (IWP)

Given a national and a global budget, the implicit weighting of the population can be calculated:

Bi—B*giY
_ BY __
R By
B * (2L — ZBY
Pay ™ Eay

The national budget can be derived, for example, from an NDC or national climate change legislation (cf.
Wolfsteiner, 2025a). The IWP can thus be used to evaluate national targets.

The base year is 2019 and the budget period is 2020 — 2100 when calculating the implicit weighting.

When calculating the IWP, care must be taken to ensure that the scope and coverage of the national CO2
budget align with that of the global budget (ISA, LUC/LULUCEF, etc.).

The calculation of the IWP is provided in the individual database sheets below.
The IWP can also be calculated for any country in the world using this web app:

https://ib-iwp.climate-calculator.info
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Database used in this tool

EDGAR

With the EDGAR database, the EU provides the emissions of all countries in the world due to the use of
fossil fuels (excluding international shipping and aviation; ISA) and cement production (EDGAR, 2025).3

Budgets are reserved at the global level for the missing emissions ISA and land-use change (LUC).
In this sheet, ISA/LUC are treated as
global set-asides: they reduce the distributable budget B_distributed = B_total - B_ISA - B_LUC.

Population figures were calculated from the data on per capita emissions on EDGAR.

GCP

Global Carbon Project (GCP) provides national CO2 emissions due to the use of fossil fuels (excluding ISA),
cement production® and including land-use change (LUC) (GCP, 2025).

Therefore, an ISA budget must be reserved at the global level (

).

GCP refers to three sources for LUC emissions (see Chapter “Quantifying LUC Uncertainty”). As with
global emissions, the average of the three sources was used.

The population figures are generally based on EDGAR (see above).

EEA

For the EU and its Member States, data from the European Environment Agency (EEA) can also be ac-
cessed (EEA, 2026), which provides total CO2 emissions including land use, land use change and forestry
(LULUCF) and ISA (sales principle).

Three options are offered for calculating the share of the EU or EU member states in global emissions:
1. Global Carbon Project (GCP, 2025)
a. Excluding land-use (el)

Emissions data from the GCP excluding LUC and emissions data from the EEA excluding
LULUCF.

b. Including land-use (iL)

GCP reports CO2 emissions from land-use change (LUC) instead of LULUCF. Accordingly,
the simplifying assumption is made here that LULUCF = LUC (see Chapter “Relationship
between LUC and LULUCF”).

2. EDGAR (EDGAR, 2025)

EDGAR does not provide LULUCF emissions at the country level, but it does provide them for
macro-regions. From this, global LULUCF CO2 emissions can be derived. These can be added to

3 Definition used in EDGAR: CO2 emissions from fossil-fuel combustion and industrial processes (incl. cement pro-
duction).

4 GCP reports CeCS at the global level, but not at the level of national emissions data.
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the global CO2 emissions from the use of fossil fuels and cement production according to EDGAR
to obtain the global CO2 emissions, which are the basis here for the shares of the individual EU
Member States and the EU respectively.

The population figures for the EU and its Member States were determined from the per capita emissions
according to the EEA. These differ slightly from the figures according to EDGAR. The global population is
taken from the data according to EDGAR (see above).

UBA

For Germany, data from UBA can also be accessed (UBA, 2026), which provides total CO2 emissions in-
cluding land use, land use change and forestry (LULUCF) and ISA (sales principle). The Global Carbon Pro-
ject is used as a reference point for global emissions (see Chapter “Relationship between LUC and LU-
LUCF”).

The population figures for Germany were determined from the per capita emissions according to the EEA.
These differ slightly from the figures according to EDGAR. The global population is taken from the data
according to EDGAR (see above).

Land-use

Relationship between LUC and LULUCF
Using CO2 emissions including LUC (as defined by the GCP) is more appropriate for comparing against the
IPCC remaining carbon budgets than using EDGAR/EEA/UBA values including LULUCF.

The GCP data cover only anthropogenic CO2 sources — fossil fuel and industrial emissions plus emissions
from land-use change — which is exactly the definition used in the IPCC budget framework. In contrast,
EDGAR/EEA/UBA’s LULUCF category includes large management-related sinks (e.g. forest management,
soils under continuous use, harvested wood products). These sinks are accounted for separately as part
of the natural land sink in the IPCC carbon budget framework. Using EDGAR/EEA/UBA LULUCF would risk
double-counting these removals and lead to an overestimation of the remaining carbon budget.

Nevertheless, calculations based on LULUCF in accordance with EDGAR/EEA/UBA are also provided, as
national LUC emissions in GCP are based on three different sources that can vary significantly. As with
GCP's approach to global LUC emissions, the average value is used at national level. This means that LUC
is more appropriate in terms of content, but that LULUCF at national level, provided by the EEA or UBA,
provides a more robust national inventory—based data basis.

Quantifying LUC Uncertainty

Since national LUC emissions in the GCP database are derived from the average of three independent
bookkeeping models (BLUE, OSCAR, and LUCE), the degree of consensus between these models varies
significantly across countries and time periods. To provide users with a transparent measure of data relia-
bility, the tool utilizes the Model Consensus Score (CS).

Calculation CS: The score is derived by relating the range of model outputs to the sum of the absolute
values of the minimum and maximum model outputs.

max(Models) — Min(Models)

=1—
¢S | max(Models) | +| min(Models) | + €

where € = 0.001 to avoid division by zero.

CS ranges between 0 (no consensus) and 1 (perfect consensus).
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Interpretation CS

e (CS>0.8(80%): High Consensus. The models provide very similar results; the LUC data basis for
the national budget allocation is considered relatively robust.

e (0.4<CS<0.8: Moderate Consensus. There is a noticeable spread between model results.
e (S<0.4(40%): Low Consensus. The models deviate significantly.

When interpreting the data, it is also important to consider the proportion of LUC emissions relative to
the country’s total emissions in the base year. In addition, the average value used and the range between
the highest and lowest values are stated (LUC-R).

Cement Carbonation Sink (CeCS)

The cement carbonation sink (CeCS) describes the gradual uptake of atmospheric CO2 by cement-based
materials over their lifetime. This process partially offsets the CO2 emissions from cement production and
is therefore an anthropogenic but largely passive carbon sink.®

Global budgets and emission datasets must be aligned in scope. Missing emission categories are treated
as global set-asides, while missing sinks (such as CeCS) are added to the budget. This principle applies
consistently across all adjustments in the model (e.g. ISA, LUC, CeCS).

CeCS is implicitly reflected in IPCC carbon budgets, as these are derived from observed relationships be-
tween cumulative emissions and temperature (TCRE) and thus reflect all relevant Earth system processes.

CeCS is not included in the national emission inventories used (EDGAR, GCP, EEA, UBA), as these are
based on production- and territory-based emission accounting and do not capture stock-driven carbona-
tion processes. CeCS is therefore not reflected in reported national emissions.

This creates a system boundary inconsistency:
e Global carbon budgets: net of CeCS
e Emission data used for allocation: gross, excluding CeCS

To ensure consistency between the global budget and the emission data, the global CO2 budget must
therefore be adjusted by the cumulative CeCS over the considered time period.

The adjusted budget is defined as:

Badjusted = Bipce T Scecs
where:

e Bpcc is the remaining global CO2 budget from 2020 onwards,
e Scecs is the estimated cumulative cement carbonation sink over the same period.
Ld SCECS =| CeCS |

This adjustment ensures that the sum of emissions derived from national inventories (which exclude
CeCS) is consistent with the IPCC budget framework.

5> CeCS should not be interpreted as an actively deployable carbon dioxide removal (CDR) option, but rather as a pas-
sive feedback linked to past cement use.
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CeCS is treated as a global adjustment only and is not allocated to individual countries, for the following
reasons:

e the process is strongly time-lagged and depends on the historical stock of cement,
e itis not directly controllable by climate policy,
e it cannot be robustly attributed to individual countries.

A substantial share of cement carbonation occurs decades after cement use, implying that part of the
CeCS associated with current production lies outside typical policy-relevant time horizons. This implies
that cumulative CeCS estimates must be interpreted with caution when applied to shorter-term budget
horizons.

As a simplifying assumption for modelling purposes, if global cement demand remains broadly stable and
cement production is decarbonised via CCS, the annual cement carbonation sink may remain broadly in
the range of current levels for some time. However, because CeCS is stock-driven and time-lagged, cumu-
lative estimates over 2020 — 2100 remain uncertain and should not be derived mechanically from current
annual values.

In recent years, CeCS has amounted to approximately —0.8 Gt per year (cf. GCP, 2025). This provides an
order-of-magnitude reference but should not be interpreted as a fixed annual value for the entire period
2020 - 2100.

Note:

The explicit treatment of CeCS introduced here represents a methodological refinement compared to ear-
lier versions of our tools and papers, in which CeCS was not explicitly considered. This adjustment im-
proves consistency between emission data and carbon budgets. We will gradually integrate this refine-
ment into our tools, web apps and related papers. In this tool, you can

. This also ensures that it remains possible to reconcile the figures with other
tools and with published papers.

Global budgets

In addition, the tool provides updated global remaining budgets (Forster, P.M. et al., 2025) compared to
the budgets published by the IPCC in 2021 (IPCC, 2021; Wolfsteiner, 2025b). See ‘updated global budgets’
sheet.

6 As CeCS is not explicitly quantified within the IPCC budget framework, an external estimate must be applied for
consistency with emission inventories.



Page 8/11

Formulas for linear emission paths

In the tool, the year of emissions neutrality and reduction targets are given on the basis of linear emission
paths without net negative emissions.

The following formulas are used:

i 2
i
EBY

——= % (t— BY) + EL
2+ BL. ( ) + Epy

emissions in year tof the country / = E{ =

CiOT
)
BY

year emissions neutrality? = round up (BY + 0.5+ 2 *
where:
Blor = BE+ 0.5 % Eb, 8

BY:Year preceding the first year of the budget period

7 First year in which annual emissions are zero.

8 This correction produces approximately the exact result (cf. Wittmann & Wolfsteiner, 2023, SLPM).
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Quick workflow: how to use the Excel tool

This section provides a practical step-by-step workflow for calculating Paris-compatible national CO2
budgets using the tool’s weighted distribution key and for exporting the required inputs to the emission-
path tools.

Step 1 — Choose the database / scope you want to use
Select a database (see Chapter “Database used in this tool”): EDGAR, GCP, EEA, or UBA.
Step 2 — Set the global remaining CO2 budget (and global set-asides, if applicable)

Go to the ‘base data global budget’ sheet and enter the (B), from 2020 (in-
clusive) onwards.

Depending on the selected database, you also need to enter (“reserved budgets”) for
emission categories that are not fully covered by the chosen national dataset (EDGAR: ISA+LUC, GCP: ISA,
EEAeL: LUC). In addition, an estimated value must be entered for CeCS if it is to be taken into account.

Step 3 — Set the population weighting (C)

In the corresponding worksheet (‘all countries EDGAR’, ‘all countries GCP’, ‘EU EEA...”, or ‘GER UBA’),
(“weighting of the population”).

C governs the balance between an allocation reflecting current emissions (“current reality”) and an allo-
cation reflecting population-based equity (“climate justice”) in the two-dimensional distribution key.

Step 4 — Read the national CO2 budgets (BY options)

The tool reports national budgets from 2020 (inclusive) onwards for two base-year conventions:
e A: Distribution using BY = 2019 — allocation starting in 2020 (inclusive), and
e B: Distribution using BY = 2016 — allocation starting in 2016 (inclusive).

The ‘graphs EDGAR’ sheet shows the results for the six major emitters in the EDGAR database in graph
form. The ‘PDF results EDGAR EEA’ sheet shows the results for all countries in the world in the EDGAR and
EEA databases, and the ‘PDF results GCP’ sheet shows the results in the GCP database. The ‘Data export —
all results’ sheet shows the results for selected countries across all databases.

Step 5 — Export inputs for emission paths (web app / Excel path tool)

If you want to derive emission paths from the national budgets (e.g., using scenario types incl. possible
temporary emissions overshoot), use the ‘Data export — all results’ sheet.

The light-yellow cells in ‘Data export — all results’ can be linked locally to the corresponding cells in the
emission-path Excel tool (Wolfsteiner & Wittmann, 2026a), enabling the generation of emission pathways
at the country level (for all countries) and at the global level using different parameters.

As simplified alternatives, you can also use the web app for emission paths:

https://paths.climate-calculator.info
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