Response letter to referee #1
General comment of referee #1
This paper investigated the potential of using stable hydrogen isotopes ratios of lignin methoxyl
groups to reconstruct large-scale temperature anomalies from the year 1916 to 2015. In my view,
there are methodological problems. In particular, robustness of the relationship on which the
reconstruction is based. The relationship between the tree-ring 2HLM and surface air temperature
seems non-linear through time, which discard the possibility of any reconstruction. In addition, I found
it difficult to see the originality of the paper and some results are redundant compared to Anhäuser et
al 2017 “Stable hydrogen isotope values of lignin methoxyl groups of four tree species across
Germany and their implication for temperature reconstruction”.
General response
The authors would like to thank referee #1 for the helpful comments and suggestions. Overall, the
changes and modifications resulting from this review are considered to improve the manuscript’s
quality since our results will be desribed in more detail and the conclusions are considered to be
more cautiously drawn. All minor edits regarding rewording (highlighted in the supplemental PDF
file) will be considered for change and are not listed below. Below, we address each detailed
comment separately and highlighted as follows: Referee comments  Response  Changes. Line
referencing refers to the originally submitted manuscript.
Point to point response to all detailed comments raised by Referee 1
The introduction needs to clearly state what is the originality of this work
Response: Agreed. As mentioned in the short comment SC1, earlier studies estimated the spatial
2Hprecip-2HLM relationship using numerous sampling sites, whereby solely tree-ring sections were
used (homogenized samples covering one to two decades). The here submitted manuscript firstly
describes the temporal relationship between instrumental 2Hprecip and tree-ring 2HLM values at
annual resolution. Hence, this approach sets the current study clearly apart from earlier
investigations and is a major step towards the application of tree-ring 2HLM values for paleoclimatic
investigations. Changes: We will rephrase line 75ff as follows: “Earlier studies have mainly evaluated
and quantified the spatial δ2Hprecip-2HLM relationship using numerous sampling sites across
continental to global-scale transects (Anhäuser et al., 2017a; Keppler et al., 2007). Therein, 2HLM
analysis was applied on homogenized tree-ring sections covering the most recently collected one or
two decades.”
Line 58: tree-ring width can also reflect large scale climate change
Response: Agreed. Changes: We will remove the corresponding statements within the parenthesis.
Line 61: Need references

Response: Agreed. Changes: References will be added as follows “e.g., Pauly et al. (2018); Treydte et
al. (2006).”
Line 64: You need to expand a bit here. Are you referring to the cellulose extraction or the signal
extraction for the reconstruction?
Line 65: You should introduce some nuances here. This was likely true 15 years ago but today no
replication might be a reason for rejection.
Combined repond: Agreed to both. We intend to refer here to the chemical cellulose extraction.
Changes: To clarify both issues, we will combine both sentences as follows: “Furthermore, the
chemical extraction procedures prior to stable isotope analyses are time consuming, particularly
when aiming for a sufficient replication that allows statistical evaluation of the accompanied 2H and
18O variability among high resolution tree-ring series (McCarroll and Loader, 2004).”
Line 68: need references
Response: Agreed. Changes: References will be added (Anhäuser et al., 2017b, 2017a; Feakins et al.,
2013; Keppler et al., 2007; Riechelmann et al., 2017).
Lines 68-75: But the xylem tissue are formed from the photosynthetic products suggesting that 2H
would also be influenced by an evaporative enrichment. You need to add more details and references.
Response: Agreed. Changes: We will rephrase the corresponding sentence by mentioning the
influence of an evaporative ²H enrichment on 2HLM as follows: “Lignin is mainly derived from three
precursor compounds: p-coumaryl, coniferyl and sinapyl alcohol (Boerjan et al., 2003). Hence, as
lignin does not incorporate hydrogen atoms derived from leaf water, 2HLM values are not influenced
by an evaporative ²H enrichment (contrary to cellulose).”
Line 83: Split the sentence
Response: Agreed. Changes: Sentence will be splitted as follows: “As δ2Hsw values were not
measured in most of these studies, the estimated isotope fractionation was calculated between
δ2Hprecip and δ2HLM (commonly expressed as the apparent isotope fractionation, εapp). It was therefore
suggested that εapp primarily reflects the biosynthetic isotope fractionation (εbio) during lignin
methoxyl biosynthesis.”
Line 84: From this point of the introduction, it is difficult to follow. Do you want to show that those
studies have limitations that your study wants to overcome? Sentences clearly stated limitations of
those studies may help to see the originality of your work.
Response: Please see our responses above.
(1) Lines 98-102: Are those details important for your study?
Response: We modified this section. The paragraph was written to highlight that a detailed
comparison between δ2Hprecip and δ2HLM at annual resolution has not been conducted so far. The
reason that the mentioned studies are not considered suitable for such a comparison primarily
results from the lacking site-specific δ2Hprecip data (as mentioned in the sentence before) and not

because of their high-alpine origin. Consequently, we consider these details as no longer relevant.
Changes: Lines 98-102 will be removed from the revised manuscript.
Lines 103-109: Your objectives are well defined but it is difficult to see the originality of your study
within the literature cited before.
Response: OK. Changes: Please see responses above.
Line 103: Is d2HLM already been used for climate reconstruction? If not, this is something you
probably want to highlight before in the introduction.
Response: Based on the changes suggested for the introduction, we will highlight that our work
represents the first statistical assessment of the temporal δ2Hprecip-2HLM relationship at inter-annual
resolution. Consequently, in the revised manuscript, it will become clear that currently no valid highresolution climate reconstruction using 2HLM of tree-ring series is available. Changes: Please see
responses above regarding changes suggested for the introduction.
Line 109: to reconstruct Western European surface air temperature changes over the last 100 years.
Response: We assume the referee suggests to add this part at the end of our introduction. We
consider this as not appropriate within the introduction as the attempt to reconstruct large-scale
averaged temperature changes was initially not intended. No changes applied.
Line 110: A description of the site ecological characteristics is necessary. What is the type of the
forest, soil, geology, etc?
Response: Agreed. Changes: Descriptions will be added as follows: “The site is located in the
northern Alpine foothills consisting of molasse deposits (marlstones and calcareous gravels) and is
further characterized by eutric cambisols, no permafrost and deciduous broadleaf forest.”
Line 126: On which basis did you select the 20 trees? What was the criteria to choose 4 trees for the
analyses?
Response: Selection of the Fagus sylvatica specimen was only based on age (aiming particularly for
individuals with a large circumference) to ensure maximum age coverages. Four trees enabled the
assessment of inter-tree variability of δ2HLM values and was simply the maximum amount that could
be performed considering the analytical costs (the project was financially supported by the German
Science Foundation). Furthermore, due to the novelty of this study, no guidance exists regarding the
minimum number of trees to be sampled for such an approach. Changes: We consider it therefore
only necessary to address the first part of the referee´s comment and will add the following
sentence: “To assure maximum age coverage, individuals with large circumferences were chosen (2.0
to 4.5 m).”.
Lines 135-137: Those sentences should go earlier with the other dealing with the 4 specimens and
cores otherwise it is confusing.
Response: Agreed. Changes: Sentences will be moved and integrated accordingly.

Line 138: F3 and F4 are actually older than what you show on Fig 3. Why did you choose to cut those
series? Moreover, this is explaining why F3 and F4 are intermediate in term of juvenile effect and you
didn't need to do statistics to show it.
Response: In this paragraph, we mentioned for each tree its longest and shortest tree-ring series
(lines 137-140) because each tree provided at least two cores. On the contrary, Fig. 3 displays the
mean δ2HLM series for each of the four trees (with n ≥ 2), which was shown within the figure and its
caption. Thus, each mean δ2HLM series starts with the oldest year of the shortest tree-ring series. In
the latter part of the comment, we are not sure what statistics the referee is referring to. Tree age
was determined using the pith offset and not by a statistical approach. Changes: We see no need for
changes.
Line 189: potentially? As of now, you haven't show this link yet.
Response: Agreed. Changes: This section will be rephrased to address comments regarding the
statistical comparison between δ²Hprecip and δ²HLM. Please see comment below.
Line 207ff: The intra-tree variability is not enough discussed. How core series behave within each
other? A figure to illustrate the intra-tree variability would be helpful here. How could you be sure
that 2 to 3 radii are enough to represent the intra-tree variability? I think you should first present and
discuss results of the radii and then inter-tree variability. Otherwise it is confusing.
However, it seems that such results have already been discussed in Anhäuser et al., 2017. Sure, not
with such a details but you already concluded that "The ‘between trees’ δ2HLM variability at a single
site was ≤ 28 mUr for the four tree species. When investigations from other studies (Feakins et al.,
2013) are taken into consideration, we suggest that this variability is mainly induced by
heterogeneous source water δ2H values at a single site although some input of noise arising from
biosynthetic isotope fractionation should not be ignored. The ‘between trees’ variability might be
reduced by increasing the number of trees for the determination of δ2HLM."
Response: The beginning of the Results and discussion section (line 207ff) intentionally first desribes
the general spread of all nine δ²HLM series allowing an estimation of differences in ‘absolute’ values
among radii and trees. Subquently, we note a similar inter-tree variability as observed in an earlier
study and briefly summarize the conclusion of Anhäuser et al. (2017b). Therefore, we do not
understand the criticism regarding repetitive conclusions with respect to earlier studies (please see
the latter part of the referee’s comment). The repetitive character of this finding is mentioned and
the corresponding study cited (cf. line 212-216). In the following paragaph (line 217ff), the
consistency of the δ2HLM values among radii and trees are assessed using Pearson´s correlation
coefficients (Table 3) and Rbar as mentioned in the method´s section. Furthermore, the EPS value of
the 1916-2015 period yields 0.91 (please also refer to comment below). An enhanced description of
the intra-tree variability over time for each of the four Fagus sylvatica trees is considered as not
essential since significance has been shown among all δ2HLM series. Moreover, the δ2HLM chronology
(produced later in the MS) comes with a 95% confidence interval accounting for the internal
variability among the nine series. We agree, however, that a figure illustrating the intra-tree
variability would assisst the statistics presented in Table 3. Changes: The EPS value (0.91) will be
added in the corresponding sentence and introduced in the section ‘Material and methods’. An

additional figure will be produced showing the intra-tree variability of δ2HLM of each of the four trees
over time. A preliminary version, considered for the Supplemental section, is shown below.

Line 210: What does it mean? Is it significant?
Response: The first sentence in Section 4.1 describes the δ²HLM results using simple descriptive
statistics allowing the reader to grasp the spread of the stable isotope data. Changes: We see no
need for changes.
Lines 210-212: This needs more justification.
Response: This is a description of the results and needs therefore no justification. Changes: To clarifiy
this issue, we will add both the estimated maximum differences in mean δ2HLM values among trees
and the radii in parenthesis and refer to Table 2 in the corresponding sentence.
Line 220: What does it mean? It is acceptable? What about the EPS value?
Response: Agreed. Changes: Please see comment above regarding the EPS value.
Lines 225-226: Please reformulate

Response: Agreed. Changes: The sentence will be changed as follows: “However, a lack of
autocorrelation in the δ²Hprecip data may not indicate a lack of autocorrelation for the δ²Hsw values.”
Line 252: How do you find 0.25 ‰ per year? Earlier you said that the slope of F1 is 0.49‰
Response: The 0.25 ‰ per year reflects the difference between slopes of F1 and F2 (cf. Table 4).
Changes: We will clarify this issue by adding a corresponding sentence as follows: “Hence, the
elevated slope of F1 compared to F2 suggests a juvenile effect of F1 associated with increasing δ²HLM
values (slope difference between F1 and F2 equals ∆ 0.25 ‰ per year).”
Line 255: I suggest to do a new paragraph here
Line 264: This paragraph (lines 264-284) should be moved after the end of the paragraph line 255.
Line 284: This (lines 284-288) should be integrated with the paragraph from lines 255-263.
Response: Agreed. Changes: Section 4.2 will be restructured as suggested by the referee.
Line 265: Why referring to arid study when your study is in a temperate region? No other studies
exist?
Response: Arid study sites are commonly associated with an evaporative ²H enrichment in upper soil
waters. As Hohenpeißenberg is not an arid study site, such an influence may a priori be considered as
negligible, but cannot be ruled out completely. As non-climatic influences on juvenile δ²HLM values
have not been investigated yet, we consider it helpful to briefly summarize the usually observed
juvenile trends. Subsequently, this allows if and how such influences may affect tree-ring δ²HLM
values. No changes applied.
Line 289: Here you could wrap up previous results (intra, inter-tree variability, tree age influence,..) in
one sentence which will justify to develop the chronology. And then you could start the next sentence
by "Therefore, we developed..."
Response: Agreed. Changes: In combination with the previous sentence, we will summarize the
results as follows: “A better understanding of such occasional temporal trend deviations in δ²HLM
values may improve sampling strategies. Trees with potential temporal disturbances in the δ²Hswδ²HLM relationship may justifiably be excluded when producing a mean δ²HLM chronology,
subsequently leading to an improved overall coherency. Conclusively, however, the δ²HLM values of
the nine tree-ring series show strong a overall coherency and no major influence related to tree age.
Therefore, we developed ... “.
Lines 298-300: You have to expand here. How April, May, July, August and September are not
significant whereas it is the growing season? Moreover, individual winter months are not significant
and for some of them the correlation is very weak (prev Oct, Nov, Dec and February). Those months
might have a different d2Hprecip because of cold temperature. It is really risky to covered such a long
annual period, specially when all processes are not well defined. Combining May to July would make
more sense. The highest coefficient correlation shouldn't drive the selected period.
Response: Our δ²HLM chronology does not only correlate best with the ‘shifted’ annual value, but we
are also convinced to have provided a plausible hydrological mechanism. In Section 3.3 (line 191-

194), we explained the involvement of annually averaged δ²Hprecip values in our statistical approach.
Tree source water can involve precipitation of multiple seasons potentially even integrating events
from the previous year (Ehleringer and Dawson, 1992; Feng and Epstein, 1995; Tang et al., 2000). A
more recent study by Allen et al. (2019) demonstrated in detail that winter precipitation is not only
involved in spring/summer soil water, it may even be the dominant contributor. Consequently, the
highest correlation between δ²Hprecip and δ²HLM values found for the annually averaged value is a
strong indication that the tree source water reflects best an annual integral of the local precipitation.
We agree, however, that the relevance of these hydrological considerations should be discussed in
more detail.
Changes: We will modify the corresponding section ‘3.3 δ2HLM covariance assessment and calibration’
as follows: “At humid sites, such as Hohenpeißenberg, soil water drawn during the tree´s growth
period rather reflects a temporal integral of multiple precipitation events fallen both during and prior
to the growth period, potentially even involving winter precipitation of the previous year (Allen et al.,
2019; Ehleringer and Dawson, 1992; Feng and Epstein, 1995; Tang et al., 2000). To estimate the
temporal integral of the source water for the Fagus sylvatica trees, we calculated Pearson’s
correlation coefficients between tree-ring δ²HLM and δ²Hprecip (GNIP) for the 1971-2008 period using a
variety of monthly, seasonal and annual mean values. Moreover, we also included δ²Hprecip signatures
of months of the preceding fall as well as ‘shifted’ annual values, such as previous September to
current August.”
We will also describe and discuss the resulting correlations coefficients in Section 4.3 in more detail
as follows: “The results show that for the 1971-2008 period, correlations between the δ²HLM
chronology and δ²Hprecip signatures are insignificant when using single months, except for June (r =
0.43, p<0.01; Fig. 6a). Correlations partly increase in magnitude when using averaged δ²Hprecip values
of the previous fall, previous winter, spring and summer (r = 0.40; 0.42, 0.53; and 0.45, respectively).
Highest r values are, however, found when using annual integrals, such as January until December,
with r = 0.66 (p < 0.01; Fig. 6a) or previous September to current August with r = 0.73 (p < 0.01). The
observed pattern of the estimated correlation coefficients (r values increase when extending the
temporal integral of δ²Hprecip values) clearly indicates that source water of the trees rather reflects an
accumulation of multiple months to seasons, which agrees with earlier findings (Allen et al., 2019;
Ehleringer and Dawson, 1992; Feng and Epstein, 1995; Tang et al., 2000). Furthermore, tree-ring
growth of Fagus Sylvatica typically ceases between August (Čufar et al., 2008; Michelot et al., 2012)
and September (Kraus et al., 2016). Precipitation falling after the late wood formation can therefore
only contribute to the tree source water of the following year. Hence, the δ²HLM chronology does not
only correlate best with the ‘shifted’ annual values (previous September to current August), this time
period also agrees with considerations in source water accumulation and tree-ring growth.”
Lines 309-311: Yes you found the highest correlation within the year but when looking at month
resolution, only April, June and August are highly significant (prev Oct, January are weakly correlated
even if significant). This is also surprising that fall doesn't show higher correlation as most of the
lignin is formed at the end of growing season. I would have expected to find the highest correlation
during fall. How could you explained those discrepancies? Moreover, what are the links between
d2Hprecip, d2Hlm and temperature?

Response: We disagree with the referee here. Highest correlations between δ²HLM values and
temperature using annual time periods are considered as plausible since a strong indication is
provided that the δ²HLM values also reflect an annual integral of δ²Hprecip (please see response above).
Moreover, insignificant correlations for the fall period (September, October, November) are in
agreement with Fagus sylvatica tree-ring growth. As now embedded in our manuscript (please see
response above), tree-ring growth of Fagus sylvatica typically ceases between August (Čufar et al.,
2008; Michelot et al., 2012) and September (Kraus et al., 2016). The δ²HLM values are mainly the
result of a constant fractionation of the δ²Hprecip values (cf. line 84ff). Consequently, a correlation
between δ²HLM and temperature rather mimics a correlation between δ²Hprecip and temperature. No
changes applied.
Lines 315-318: Before doing any estimation, you must address the processes behind your correlation.
Response: Please refer to the responses above.
Lines 327-328: This result suggests that the relationship between d2HLM and temperature is not
linear within time and unfortunately counteracts any possibilities of reconstruction.
Response: As already mentioned in the short comment SC1: ‘The relationship between averaged
surface air temperatures and the 2HLM chronology indicates inconsistency over time (cf. line 322-328
and Fig. 7b and c). I agree with the referee that this observation reveals the current drawback to
quantitatively reconstruct temperature changes using tree-ring 2HLM values. Changes: The revised
manuscript will not only highlight the aforementioned current drawbacks but also provide guidance
on how to address this issue in future studies. This will also involve an attenuation of the current
paleoclimatic potential of tree-ring 2HLM values throughout the manuscript.
Lines 330-332: Split the sentence
Response: Agreed. Changes: Will be splitted as follows: “Besides changes in local temperature,
δ²Hprecip values at the site of precipitation are controlled by a number of large-scale and remote
hydro-climatic influences. This includes changing meteorological conditions in the moisture source
area and meridional atmospheric transport (in particular, modified water volume loss, but also
potential mixing with different air masses) (Araguás-Araguás et al., 2000; Dansgaard, 1964; Rozanski
et al., 1993)”.
Line 348ff: As the relationship between d2Hlm and surface air temperature seems non linear (Fig 7b
and c), I don't see how the reconstruction could be robust. The reason why the reconstruction seems
valid it is likely because of the high relationship within the entire period driving by the recent period
(1966-2015). To test this relation I would suggest to perform a running correlation through the 19162015 period. I suspect that the correlation will be unsignificant within the oldest period and become
significant at one time. Moreover, to assess the quality of the model, I suggest to use a 2-fold crossvalidation method and compare the RMSE, RE and CE between the 2 period (see Briffa et al. 1988,
Cook et al 1999, and Naulier et al 2015). Again, you may find that the statistics aren't significant.
Response: The temporal inconsistency between the δ²HLM values and WESAT anomalies is already
indicated in Figs. 7b and c and will be further internalized throughout the manuscript. Thus, we

consider the detailed statistical approach by the referee as not required. Changes: Please see
response above.
Lines 353-354: Is it a different set of data than the one used previously in section 4.3? If not, I don't
see how you reach 0.71 whereas looking at the map (Fig 7a) the correlation seems between 0.5 and
0.6 around your study site.
Response: For both correlations, we used the same instrumental data set (HadCRUT4.6). However,
Fig. 7a shows correlations between δ²HLM values and temperature variability for numerous sites
across Europe (displayed as ‘spatial correlations’), whereby WESAT reflects the average temperature
anomaly for the whole area (cf. line 351-352). Changes: We will add a sentence to clarify this
difference: “The model reveals a significant correlation (r = 0.71, p < 0.001, DW = 1.6) with an
elevated r value when compared to any of the observed correlations shown in Fig. 7a”.
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