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Thank you very much for the useful comments. Please find below a point-by
point reply (in bold) to your comments.

This study provides an important step towards better and more reliable assessments of
CO2 fluxes from LULUCF, as it presents a comprehensive dataset of LULUCF fluxes from
country reports to UNFCCC, and it compares this dataset to LULUCF fluxes from other
databases (such as the FAOSTAT emission database) with special emphasis on explaining
the differences between the investigated datasets. The methods described in the
manuscript are clear, the results and explanation of differences are convincing, and I think
that the study will be an important contribution for future assessments of CO2 fluxes from
LULUCF.

Thank you for the nice words and the useful and constructive comments

While reading the manuscript, I noted a few points and questions that might be of interest
to the authors when revising the manuscript:

To my knowledge, complete details about the applied methodology is not available for
all countries, which further complicates the assessment of the reported fluxes (lines
96-98). It might be worth to note that as well.

Thanks. We added “This highly heterogeneous and fragmented reporting,
together with sometimes unclear methodologies, complicates the assessment of
the LULUCF fluxes reported by several NAI countries.”

The third reason indicated for the differences between the investigated datasets (lines
99-101) sounds rather general. Would it be possible to explain a bit more in detail what
this point encompasses?

We modified as follows: “Third, carbon fluxes are associated with complex and
highly dynamic biological systems, characterized by a marked spatial and
temporal variability. Estimating these fluxes in a complete, accurate and
consistent manner is very difficult, and different approaches may capture
differently the various natural and anthropogenic drivers.”

Line 107: Does “reporting” refer here to GHG fluxes? Or to other variables as well?



Yes, we essentially refer to GHG fluxes, but ancillary data (managed area) are
also expected to be reported. This is now more clear in the text.

I am wondering why gap-filling was also necessary for some AI countries (5%, line
167), given that they seem to report a complete time series (as indicated in line 163).
What is the reason for the necessary gap-filling for AI countries?

In the originally submitted version, we used data from 2021 GHG inventories for
AI countries, including data until 2019. Thus, 2020 was gap-filled. In the
updated dataset used now, from the 2022 GHG inventories (including data until
2020), this residual gap filling is not needed anymore. The text now explains
that “For AI countries, all information is sourced from the GHGI 2022”.

When reading the details about NC/BUR, REDD+ and NDC reports (lines 178-196) I
was wondering how these reports were used to compile the data presented in this
study. Although the information is given before (as I saw when checking the
manuscript again) and Table 3 gives a nice and useful overview of the origin of the
data, I think it might be worth to start the paragraphs in lines 178-196 by
informing/reminding the reader again about why and how the NC/BUR, REDD+ and
NDC reports are used here.

Thank you. As suggested, we moved previous lines 178-196 few rows above,
close to the explanation on why and how the NC/BUR, REDD+ and NDC reports
are used in our study.

Lines 203ff: Do the countries explicitly report the location of managed land or just
indicate the total area of managed land?

We added “most countries simply indicate the total area of managed land per
each land use category, and only few countries (e.g. Canada, USA, Brazil)
explicitly show maps of managed lands”

Lines 230-231: I do not fully understand how this technical detail is related to the
sentences before. I think it would be good to elaborate here a bit more about this
mapping (but only general, as all details are listed in Table 2).

We clarified that the mapping of land categories is between IPCC 1996
guidelines and IPCC 2006 guidelines.

Lines 282-287: I like that the authors mention and highlight the importance of choosing
the correct method for uncertainty estimations. However, from the text I did not really
understand what the difference between both methods is. I think it would be helpful to
explain this better, and maybe also give an example for each case, such that it
becomes clear what the difference is (and why it matters).

The text has been revised as follows:

“The second aspect is the ambiguity in the use of the standard error of the mean
(SE) vs. the standard deviation of the population (SDp) to calculate the
uncertainty of the carbon flux estimates. The SE is to be used to quantify the
uncertainty of a variable that applies to the entire population from which the
mean value of the variable has been unbiasedly inferred, e.g. the increment of
the entire forest land when the increment value is derived from an unbiased
forest inventory, so that the variability of the population does not determine
uncertainty in the knowledge of the true value (only random errors in
measurements do matter). In contrast, SDp is to be used to quantify thew



uncertainty of a variable when the mean value of the variable (e.g. the average
per hectare forest biomass carbon stock) is applied to only a portion of the
population from which has been inferred (e.g. the deforested area), which means
that the variability of the population contributes to the uncertainty in the
knowledge of the true value; thus SDp always applies to every IPCC default value
used in NGHGIs. Although such guidance is provided by IPCC (IPCC, 2019,
volume 1, chapter 3), countries do not always properly use the standard error vs
the standard deviation, which leads to underestimating uncertainties when the
standard error is used instead of the standard deviation or overestimating
uncertainties when the standard deviation is used instead of the standard error.”

Lines 342-345: Is the increasing number of available NAI countries due to the usage of
NC/BUR, REDD+ and NDCs reports or is there another reason? I think it would be good
to mention that here.

We added that “These improvements reflect recent submissions (either NC/BUR,
REDD+ or NDC) from countries that did not provide LULUCF data before.”

Lines 510-522: I think it would be nice to support the statements about the agreement
between the different datasets by some statistical measures (e.g. correlation or trend
analysis)

Given the different time steps taken by the two datasets (every 5 or 10 years for
FAOSTAT, up to one year in the NGHGIs), it is difficult to analyse the most
relevant differences by statistics means. However, we added new information on
the difference in trend that we consider more relevant, i.e. the period 2010-2020
for Forest land, where NGHGI DB indicate a constant sink whereas FAOSTAT
indicates a decrease of the sink of 1.5 GtCO2/y. This is reflected in the new
Supplementary figures 6-8 and in the following text:

“Trends in carbon stock density (tC/ha) may help explain in part the differences
of the trends in FL between NGHGIDB and FAO. In particular, after 2015 the
NGHGI DB indicates globally a constant sink, whereas FAOSTAT suggests  a
decrease of the sink (Fig. 4b). These differences originate at country level -
including for the major AI and NAI countries (see Supplementary figure 6) - and
can be linked to the fact that FRA 2020 carbon stock density data, upon which
the FAOSTAT estimates are based, are often constant after 2016 or 2017 (see
Supplementary figure 7, e.g. Australia, Canada, Finland, USA, India, Indonesia
and Mexico); this fact reflects a lack of data for the most recent years rather
than a real decrease in sink capacity during the period 2015-2020. Indeed, the
global forest area with constant carbon stock density for the period 2015-2020 is
doubled that reported for the period 2000-2015 (see Supplementary figure 8). At
the same time, the FL fluxes in FAOSTAT are estimated based on differences in
carbon stock densities in 2020 and 2015 only. As shown in Supplementary figure
6, the use of 2020 FRA values with constant carbon density after 2015
(Supplementary figure 7) may lead to underestimating the sink strength in
FAOSTAT in some case (for instance USA, EU27+UK, India) and overestimating it
in other cases (for instance, Canada).

Lines 641-642: Why might the datasets fail to capture the recent increase in
deforestation?

We added “It should be noted, however, that both datasets are not always very
updated: FAOSTAT reflects FRA data collected up to 2017 (or earlier), while for
NGHGIs it depends on the country: for Brazil data used here are up to 2016  -
thus the increases in deforestation detected in the last years in Brazil (Silva



Junior et al. 2020) are not included -  for DRC are up to 2018, for Indonesia up to
2019.”

Lines 665ff: I think here it would be helpful to remind the reader again about the
methods used to assess whether NGHGI DB or FAOSTAT is more complete (and to refer
again to Supplementary Figure 2).

We elaborated the text as suggested, adding clarifications: “Results show (Table
8, see also Supplementary Figure 2) that for 73 NAI countries, the NGHGI DB
appears more complete/less uncertain than FAOSTAT on carbon fluxes. This
occurs especially when the NGHGI reports non-biomass pools (not included in
FAOSTAT), and when FAOSTAT estimates zero carbon fluxes on FL-FL (because
of a single value of carbon stock reported over time in many country FRA
reports). In the latter case, we assume that one or more estimated values of
carbon flux in a NGHGI represents more information than a single value of
carbon stock reported over time in a FRA report. It should be noted that here we
speak of “completeness/uncertainty” because, according to the IPCC 2006
guidelines, the lack of completeness is a source of uncertainty.”

Lines 680-687: I did not fully understand how the percentages indicated here were
obtained. Is this directly connected to the assessment of completeness for NGHGI DB
and FAOSTAT? Or is it estimated based on a different approach? It might be worth to
mention this more explicitly.

Thank you for the comments. We added information and clarified the caption of
figure 7, which now reads as:

“Disaggregation of the differences in net global LULUCF CO2 fluxes (average
2000-2020) between the NGHGI DB presented in this study and FAOSTAT (upper
right column), and between the NGHGI DB and the UNFCCC GHG Data Interface
(UNFCCC GHGDI) (bottom right column). For the comparison between NGHGI DB
and FAOSTAT, for AI countries we assume the NGHGI DB to be more complete in
terms of land categories and carbon pools than FAOSTAT. For NAI countries, we
distinguish cases when: (i) the NGHGI DB is more complete on non-forest land
uses, or more complete/less uncertain on Forest Land (FL) and Deforestation
(DEF) (reflecting the analysis in Table 8) than FAOSTAT; (ii) it is unclear which
source is more complete; (iii) FAOSTAT is either more plausible or more
complete than the NGHGI DB. For the comparison between the NGHGI DB and
the UNFCCCC GHGDI, we consider the NGHGI DB more complete because it uses
sources either not considered by the UNFCCC GHGDI (recent REDD+ and NDC
submissions), or simply more updated (NC/BURs with the IPCC 2006 format).
Whiskers indicate the estimated global uncertainty (95% confidence interval) on
the net LULUCF flux for the NGHGI DB (see Methods) and FAOSTAT (Tubiello et
al. 2021). See text for details.”

Furthemore, we changed the colours of the columns in the figure and changed
the text accordingly, which should make it easier to follow the reasoning:

“In the first case, 59% of the total difference (1.6 Gt CO2/yr, striped parts in the
upper-right column in Figure 7) may be explained by a more complete/less
uncertain reporting by the underlying NGHGIs included in our dataset, in both AI
and NAI countries. For another 26% of the gap (0.7 Gt CO2/yr, dotted gray part
in the upper-right column in Figure 7), it is difficult to identify a clear reason,
and often both datasets appear rather poor. The rest 15% (0.4 Gt CO2/yr, yellow
parts in the upper-right column in Figure 7) can be explained by more plausible
sinks or more complete/less uncertain reporting in FAOSTAT than in the NGHGI



DB for NAI countries, including on organic soils. Based on the information above,
the hypothetical combination of the best databases for each country (i.e. NGHGI
DB or FAOSTAT) would yield a global net LULUCF sink in the range between -0.5
Gt CO2/yr and -1.3 Gt CO2/yr (i.e. the dotted gray area in the upper right
column, Figure 7). “
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