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JRC study on harvested forest area: resolving key misunderstandings

Giacomo Grassi,
Alessandro Cescatti,
Guido Ceccherini

This commentary, based on a JRC note
(Grassi et al. 2021), complements with addi-
tional textual and visual information the re-
buttal that we provided in Nature (Cecche-
rini et al. 2021) to the comments by Palahi
et al. (2021) and Wernick et al. (2021).
Specifically, here we show and discuss ad-
ditional figures on: (i) the correct use of
the original dataset, based on documenta-
tion available in the Global Forest Change
(GFQ) | Global Forest Watch (GFW) web-
sites; (ii) the comparison of our data with
recent country statistics on natural distur-
bances; and (iii) the comparison of our
data with country statistics on harvest.

The key messages emerging from our re-
buttal and this commentary are:

1. Based on a new extensive validation ex-
ercise carried out for Sweden and Fin-
land, our original results were partly rec-
tified: the increase in clear-cut harvested

A recent study on forest harvest in the EU (Ceccherini et al. 2020) reported a
strong increase in clear-cut harvested area in recent years, based on remote
sensing information. This triggered a heated debate and many critical com-
ments. Apart from several fair and constructive criticisms, which were wel-
come, we found that some comments have been either not based on evidence
or affected by serious misunderstandings. Here we clarify some technical as-
pects that were omitted or misrepresented in the public debate. Overall, the
original study used in a scientifically correct way the best information avail-
able at that time. After the study was published, a previously undocumented
inconsistency in the time series emerged in the original dataset used. After
correcting for this inconsistency, updated results confirm an increase in clear-
cut harvested area, but not as abrupt as originally reported. Contrary to what
many critics say, this information should be seen as complementing and not
necessarily contradicting country statistics, because the latter typically refer
to total harvest (including thinning, etc.) and not clear-cut only. Finally, it
should not be overlooked that the main aim of the original study was to offer a
vision for integrating satellite data into the monitoring of forest resources.
This was achieved: the JRC study showed the potential (and limitations) for
high-resolution satellite maps to track the temporal evolution of clear-cut for-
est harvest in EU.

Keywords: Harvested Forest Area, Remote Sensed Datasets, Global Forest
Change (GFC), High-Resolution Satellite Maps

forest area now appears about one third
less steep, i.e., +35% (¥16%) in 2016-2018
vs. 20112015 relative to a +54% originally
reported for the same periods in Sweden
and Finland (see Ceccherini et al. 2021).
Results, therefore, look less “abrupt”
than in the original study. When approxi-
mately extrapolated at EU level, these
new findings would reduce the original
increase in clear-cut area from about 50%
to about 30% for the same periods. All ev-
idence indicates that we made a correct
use of the information available from the
GFC dataset (see section 1) and that the
change in results is entirely due to the
undocumented change in algorithm oc-
curred in 2015 in the GFC dataset, which
affected its time series consistency. The
first documentation of this inconsistency
is in Palahi et al. (2021), and the first at-
tempt to quantify its impact is in our re-

ply. This undocumented change in algo-
rithm is a glaring error in the GFC docu-
mentation, not a “methodological error”
by the JRC. It is very unfortunate that the
inconsistency of the GFC dataset for the
year 2015 was undocumented, as it af-
fected our paper and dozens of other
similar publications in recent years, but it
is positive that after many years it has
been finally recognized I'. This helped us
to make a preliminary assessment of the
impact on our results, and hopefully will
help others to avoid similar problems
when using the same dataset. Given the
huge importance and the widespread
use of the GFC dataset, any transparent
reprocessing that will make it temporally
more consistency will be welcomed.
.Although our approach to estimate the
impact of natural disturbances on har-
vested forest areas is crude, available ev-
idence indicates that it correctly captures
the trend (see section 2).
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3.0ur method aimed at capturing essen-
tially clear-cuts, due to the spatial resolu-
tion of the Landsat pixel (30 x 30 m), and
not smaller-scale forestry activities such
as thinning and selective loggings, which
represent a large share of total harvest in
many EU countries. As it can be evinced
from the main figure in the original pa-
per, the biomass corresponding to the
harvested clear-cut areas observed in our
study is less than 50% of the total har-
vested biomass reported in country sta-
tistics at EU level. While this was unfortu-
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(a) Estimates of harvested forest area in the EU, from the original JRC study
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Fig. 1 - (a) Estimates of harvested forest area in the EU, from the original JRC study
(Ceccherini et al. 2020), compared to (b) gross forest-related emissions associated to
stand-replacement disturbances (natural and anthropogenic) observable in Landsat
imagery, 2001-2019 (Harris et al. 2021 — Extended data fig. 9). Both studies use the GFC
dataset and show similar discontinuities in the time series between 2015 and 2016 (red
ovals). See the respective references for details.

nately not adequately highlighted in the
original abstract (a communication error
from our side), it would be expected that
those publicly criticizing a paper read it in
full, including carefully checking the fig-
ures.

The above indicates that the “perceived”

contradiction between our results and

country statistics is largely due to misun-
derstandings and incorrect comparisons

(see section 3). Our results should be in-

terpreted as a warning on a recent in-

crease in clear-cuts observed by satel-
lites, not necessarily as a criticism to
country statistics.

Beyond the results, our study was the
first one showing a high-resolution map
and temporal evolution of clear-cut harvest
in Europe. In this sense, we believe that
our study represents an important step for-
ward in combining Earth observation and
big data analytics for complementing coun-
try statistics in the monitoring of forest re-
sources.

1. On the correct use of the Global
Forest Change dataset

The comment by Palahi et al. (2021) starts
noting an inconsistency in the Global For-
est Change (GFC) time series, and in partic-
ular a “major enhancement” of the detec-
tion algorithm in 2015. It notes that “the
Global Forest Watch (GFW) website warns
about these inconsistencies and advises
against using the GFC product for temporal
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trend analyses” and then concludes that

“The abrupt changes [in Ceccherini et al.

2020] are largely an artefact stemming from

incorrect use of the GFC data time-series".

The alleged “incorrect use of GFC data” ap-

pears a key criticism by Palahi et al. (2021).

This section checks this claim.

Our rebuttal already explained that the
change of algorithm in 2015 was totally un-
documented: the websites by GFC [ and
GFW Blinclude warnings on combining two
time series, 2001-2010 and 2011-2019 (and
this was clearly acknowledged in Cec-
cherini et al. 2020), but do not include any
warning against trend analyses after 2012.

Here we provide further textual and vis-
ual evidence that, in recent years, the GFC
time series has been extensively used in
the scientific literature to assess the impact
of forestry activities as in our paper.

Specifically, below we report four recent
examples where the GFC dataset was
tested. In these cases, abrupt increases in
forest cover loss were shown between
2015 and 2016 (as in our study) without be-
ing discussed as the result of potential in-
consistencies in the time series.

* Rossi et al. (2019), assessing forest har-
vesting in Norway, concluded that “Over-
all, [GFC] proved to be a useful dataset for
the purpose of assessing harvesting activ-
ity under the given conditions”. A marked
increase in harvest is shown in 2016 (their
figure 12), but it is not discussed as a pos-
sible inconsistency in the dataset.

* Galiatsatos et al. (2020), testing the GFC
dataset in Guyana, concluded that “when
suitably calibrated for percentage tree
cover, the Global Forest Change datasets
give a good first approximation of forest
loss (and, probably, gains)”. The authors
also note that “in countries with large ar-
eas of forest cover and low levels of defor-
estation, these data should not be relied
upon to provide a precise annual loss/gain
or rate of change estimate for audit pur-
poses without using independent high-
quality reference data” - however, this
latter recommendation seems to refer to
the fact that deforestation requires esti-
mating both forest cover losses (more
certain) and gains (more uncertain). Our
paper focused on forest cover loss only.
Furthermore, Galiatsatos et al. (2020)
show an abrupt increase in harvest in
2016 (their fig. 7), but it is not discussed
as the result of a possible inconsistency in
the dataset.

* Shimizu et al. (2020), in Japan, concluded
that “the Global Forest Change map can be
used to detect larger forest disturbances,
but it should be used cautiously because of
the substantial commission error for small-
scale disturbances”. In particular, the au-
thors indicate that GFC shows good accu-
racies for forest disturbances larger than
3 ha. In this regard, it should be noted
that disturbances > 3 ha represent about
two thirds of the harvested forest area
detected by Ceccherini et al. (2020 - Ex-
tended data Fig. 5). Shimizu et al. (2020)
show an abrupt increase in harvest in
2016 (their fig. 5), but it is not discussed
as a possible inconsistency in the dataset.
Furthermore, in Fig. 1 we compare the re-

sults from our original paper (Fig. 1a) with a

paper in a high-level journal (Harris et al.

2021 - Fig. 1b), which fully relies on pixel

count area estimates from the GFC dataset.

Also in this case, a clear discontinuity in

gross emissions emerges between 2015

and 2016 (red oval), and it is not specifically

discussed. It should be noted that Harris et
al. 2021 does not specifically focus on
trends, and that Fig. 1b is in their Extended
data. Therefore, the noted inconsistency in
the GFC dataset does not directly affects
the general findings of their paper. Never-
theless, it is worth noting that Harris et al.

(2021), which notably includes developers

of the GFC as co-authors, mentions that

“one algorithm covers 2011-2019” and that

“Gross emissions can be estimated annual-

ly”. These are key methodological assump-

tions we followed in our paper when pro-
ducing and discussing the results, but also
those aspects flagged as “incorrect” use of
the dataset by Palahi et al. (2021), which
also notably includes a developer of the

GFC as co-author.

It is striking to see how the same authors
treat so differently the very same issue in
different papers.

Another example is the New York Decla-
ration on Forests. It progress assessment
(https://forestdeclaration.org/goals/goal-1),
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aimed at informing signatory Governments
on trends of global forest cover loss, re-
ported the same spike in 2016 for which we
have been criticized. Also in this case, au-
thors were not aware of the 2015 problem.

Overall, since it is now abundantly clear
that the change in algorithm was totally
undocumented when our study was pub-
lished, we do not think that it can be pre-
sented as a “methodological error” by the
JRC. If nobody knew about this problem,
how could the JRC? This change partially
misled not only our paper, but dozens of
other high-level analyses, similar in scope
to the JRC paper. This may have repercus-
sions that go well beyond our paper.

Retrospectively, the JRC original study
could have made a stronger validation of
results, something largely addressed in the
rebuttal. However, it is like to say “we
should have worn masks in January 2020”. If
we knew of how serious COVID was, we
would have worn masks before. But no-
body knew it. All the scientific literature
used the GFC data for years without know-
ing of the 2015 problem.

2. Comparing our data with recent
country statistics on natural
disturbances

Palahi et al. (2021) criticized the method
used by Ceccherini et al. (2020) to detect
natural disturbances, claiming that it af-
fected the trend of harvest reported in the
original study. As explained in our rebuttal
(Ceccherini et al. 2021), recent data made
available by 14 European countries (Camia
et al. 2021) allow to check this claim.

As shown in Fig. 2, our estimates of har-
vested biomass due to natural disturb-
ances (due to windthrows and insects) are
lower than the absolute values of salvage
logging statistics from countries (Camia et
al. 2021), but show the same recent in-
creasing trend (Fig. 2). Since our method
detects anomalies in forest cover losses (in
other words, major events but not the
“background” level of natural disturb-
ances), somehow lower values from those
reported by countries are expected, be-
cause the latter include all natural disturb-
ances. However, for the purpose of our
study, detecting the trend was more im-
portant.

Furthermore, it is important to note that
the magnitude of the recent rise in natural
disturbance events varies significantly be-
tween countries, with central Europe (Ger-
many, Austria, Czechia, Poland, etc.) show-
ing a large pulse of bark beetle infesta-
tions. On the other hand, comparing time
series of harvest statistics from salvage
logging with remote sensing retrievals
should be made with caution because of
possible lags (e.g., salvage logging may
take a few years after the disturbance
takes place) and uncertainty on the frac-
tion of timber that is collected after the
disturbance.

Overall, based on the best available evi-
dence, our method captured well the trend
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Fig. 2 - Time series of forest biomass loss associated with “salvage logging”” from our
original study (Ceccherini et al. 2020, in black) and country reports (in orange) for 14
European countries (based on Camia et al. 2021). Salvage loggings dataset has been
collected in 14 EU Member States by searching national datasets and/or consulting
with national experts. Through the Standing Forestry Committee under the EC, the
following Member States validated and acknowledged data on salvage loggings and/
or provided additional information: Austria, Bulgaria, Croatia, Czechia, Estonia,
France, Finland, Germany, Hungary, Lithuania, Poland, Slovakia, Slovenia and Sweden.
It is important to note that the time series where annual data on salvage loggings are

available varies among Member States.

of natural disturbances, and thus did not al-
ter the conclusions of the original study.
Furthermore, while the method used is in-
deed simple and should be improved, there
were not better solutions available for
such analyses at EU level when the study
was published.

3. Comparing our data with
country statistics on harvest

Among the strongest criticisms we re-
ceived is the claim that our results contra-
dict country statistics on harvest, and are
not plausible. This section checks this
claim.

Fig. 3a is the main figure in the original
paper (Ceccherini et al. 2020), showing an
estimated increase in harvested biomass
by 69% in 2016-2018 relative to 2011-2015.

Most of the our critics assumed that our
study estimated total harvest. Translated
into numbers, this assumption is illustrated
in Fig. 3b, ie., the “perceived” starting
point was the current level of total harvest
reported in countries statistics (about 470
Mm?3 y*, based on FAOSTAT). This led to ar-
gue that our results are “impossible” be-
cause a harvest removal of 790 Mm3 y*
(470 Mm3 y* + 69% increase) is likely be-
yond the harvesting capacity in the EU.

However, Fig. 3b compares “apples with
elephants”: tonnes of clear-cut fellings over-
bark (our study) vs. m3 of total removals un-
derbark (country statistics). In other
words, these criticisms overlooked the unit
of harvested biomass in the y-axis
(x100000 t) of Fig. 3a (red oval). By con-
verting this amount of biomass into m3 - as

first approximation this can be done simply
by multiplying by 2 (see [4) — anyone could
obtain a harvest estimate in m3 associated
to our study and compare it with country
statistics. This estimate is illustrated as red
solid line in Fig. 3c. An “apple-with-apple”
comparison with country statistics, how-
ever, requires some further step.

The biomass estimated in our study, as it
can be clearly evinced in the methods of
Ceccherini et al. (2020), corresponds to fell-
ings over bark (0.b.), i.e., harvest removals
o.b. plus residues. Country statistics (grey
line in Fig. 3b) are generally expressed as
removals under bark (u.b.) and thus need
to be converted into fellings o.b.. In addi-
tion, direct comparison is further compli-
cated by the fact that wood removal statis-
tics in EU underestimate wood uses by up
to 20% (Camia et al. 2021). The blue lines in
Fig. 3¢ combines all this, i.e., fellings includ-
ing the 2020 updates from countries and
considering a range on min/max values
based on official statistics on wood use
(data available till 2015 from the JRC Bioen-
ergy report — Camia et al. 2021 - and here
extrapolated proportionally to the official
harvest removals statistics until 2018).

When these more realistic estimates of
total wood harvest are applied, our esti-
mates are in the order of 40-60% of country
statistics (depending on the year - Fig. 3¢).
If the adjustment of the results associated
to the new validation exercise (Ceccherini
et al. 2021) is extrapolated at EU level, then
the increase in harvest after 2015 would be
reduced compared to the original estimate
(orange line - Fig. 3¢). With this additional
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(a) Estimates of harvested area and biomass in Ceccherini et al. 2020

2,500 Wind
Fires
Harvest

Forest-loss area with:

Biomass  s—

Harvested area (31000
Harvested biomas§{x 100,000 t)

=)

P— |
e N s e
— -
2004 2009

(b) Incorrect comparison between the “perceived” harvest in Ceccherini et al. 2020 and country statistics
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approximate correction, our estimates be-
come about 40-50% of country statistics
(orange line vs. blue lines in Fig. 3c).

Although the above demonstrates that
our results are fully “possible”, why is our
estimated harvest so low compared to
country statistics?

The answer is that our study focuses on
clear-cuts. Small-scale forest activities such
as thinning and selective logging, which
are the predominant form of harvest in
many countries, are not included in our
study. While we regret that this informa-
tion was missing in the abstract of the orig-
inal paper (because considered too “tech-
nical” for most readers of Nature) - and
this may have contributed to the misunder-
standing - it is explained at least five times
in the main textBL

In addition, country-specific statistics or
modelled estimates of the share of clear-
cuts (or final fellings) on total harvest are
provided in original supplementary infor-
mation table [¢l. This is a lot of information
that apparently many of our critics did not
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2017 2018

notice. By combining the information from
that table with the harvest statistics from
countries, it can be estimated that approxi-
mately 45-50% of total EU total harvest
comes from clear-cuts. While this number
should be seen as an approximation be-
cause it is affected by many uncertainties,
it is worth noting that it is the same order
of magnitude of our independently-esti-
mated clear-cut harvest (Fig. 3¢).

According to our analysis, the increase in
clear-cut harvest can be only partly ex-
plained by the increase in salvage logging
(when expressed as fellings o.b., equal to
about 9 Mm3 y* on average during 2011-
2015 and 45 Mm3 y* during 2016-2018 — see
section 2).

Overall, the above indicates that the
claims that our results are “impossible”
and that they contradict country statistics
are largely due to misunderstandings and
incorrect comparisons. Our results should
be interpreted as a warning on a recent in-
crease in clear-cuts harvest observed by
satellites — with potential consequences on

Fig. 3 - (a) Estimates of har-
vested area and biomass as
originally reported by Cec-
cherini et al. (2020); (b)
results from Ceccherini et
al. (2020) as wrongly “per-
ceived” by many critics,
compared to country statis-
tics on total harvest (FAO-
STAT); (c) correct like-with-
like comparison between
results from Ceccherini et
al. (2020) on clear-cut
felling and country statis-
tics on total fellings, includ-
ing a preliminary adjust-
ment of Ceccherini et al.
(2020) due to the undocu-
mented change in algo-
rithm in 2015 (this correc-
tion reduces the increases
in harvest in 2016-2018 vs.
2011-2015 by about one
third, based on a validation
exercise performed for
Sweden and Finland illus-
trated by Ceccherini et al.
(2021), and here extrapo-
lated to the entire EU). The
fellings from Ceccherini et
al. (2020) were obtained
simply multiplying the val-
ues of biomass (Fig. 3a) by
2. The JRC Bioenergy
report (Camia et al. 2021)
includes 2020 updates of
country statistics and con-
siders a min-max based on
the statistics on wood use;
the original data are till
2015, which here we extra-
polated till 2018 (dotted
blue lines). See text for
details.

biodiversity and climate change —, and not
necessarily as a criticism to country statis-
tics.

On the other hand, we expect our critics
to present correctly the ongoing debate.
For example, the POLITICO magazine ] re-
ported that “Using the same data set as the
JRC, the researchers [i.e., Palahi et al.
(2021)] found that timber harvesting in-
creased by about 6 percent between 2016
and 2018 compared to the period between
2011 and 2015”. This is utterly wrong. To our
knowledge no one, using GFC data, reach-
ed different conclusions. The 6% increase
mentioned is what countries officially re-
port to FAOQ, not an independent estimate.

In conclusions, we hope that the clarifica-
tions provided in this commentary helps
detoxifying the debate and looking at the
study for what it is: an effort to illustrate
the potential (and limitations) of remote
sensing in the monitoring of forest re-
sources in Europe. The aim is to comple-
ment - and not to replace - country statis-
tics, especially in the timely analysis of re-
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cent changes that in many cases are re-
ported by the National Forest Inventory
statistics only few years later. Finally, mis-
takes may happen in science. Our study
certainly includes some communication er-
ror, and we rectified the original results
once new information became available.
However, based on available evidence, we
do not see any relevant mistake in the anal-
ysis. On the other hand, we often had the
impression of being criticised based on mis-
understandings. Like in a broken telephone
game, starting from some unfortunately
simplified passage in the abstract of the
original study, the critics further amplified
the misperception. The final message end-
ed up in being very different from the origi-
nal one. Once the context and the num-
bers of our study are understood correctly,
we welcome any independent study fur-
ther checking and improving our method
and the results.

Forests are such a value laden topic that
discussions may easily become very polar-
ized. However, as scientists, we have the
responsibility to maintain rigour and neu-
trality when discussing about scientific pa-
pers, what their results mean and where
they are applicable.
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4.14 of the IPCC 2006 Guidelines for Na-
tional GHG inventories.
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that the GFC dataset is sensitive to
clear-cuts instead of the actual wood
harvest, which can be complemented by
thinning operations that may not be
seen by the satellite”. “Our approach
has limitations in the detection of small-
scale silvicultural practices”. “Although
the GFC does not require full clear-cuts
to detect forest-cover loss, it is not able
to reliably capture partial removal of
trees caused by forest thinning and se-
lective logging”. “Most changes occur-
ring below the canopy cannot be de-
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scale silvicultural practices such as thin-
ning or selective logging which are rele-
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fore not be fully detected”.
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