
LEGRAND REVIEW 

In this revised version, the authors have made very significant efforts to improve their 
manuscript. That makes it an acceptable paper for publication in the ACP journal. 
Nevertheless I still have a few comments that the authors may consider when 
producing the final version of the manuscript. 

Section 3, end of page 7 (discussion on ammonium records): The wording of the 
sentence “the 300 year records of nitrate and ammonium from Holtedahlfonna are in 
reasonable good agreement with the Lomo09 data” is diplomatically correct, but I 
recommend a different wording since the agreement is quite (very) good for nitrate 
but is far less good for ammonium: the wave around 1760 seen in the Holte05 ice 
core (Beaudon et al., 2013) is not seen in the Lomoo9 ice core.  

Also your argument (in response to one of the other reviewers) that the preindustrial 
ammonium levels are close to detection limit is not true: the preindustrial level  (new 
Figure 4) is above 0.5 microEq. L-1 (i.e. more than 9 ppb) whereas referring to your 
table 1 your detection limit is 0.02 (0.4 ppb).  

Notation IB (ionic balance): may be better for the reader to use the wording « acidity». 

 

Overall comment based on your figure S2:  

I think that your figure S2 in which you now report (as recommended) sulfate data is 
for me the key figure of the paper. Looking at it through a magnifying glass, I realize 
that over the recent (1950-2010) you have an excellent co-variation of MSA with 
nitrate but the same is true for sulphate (????, a short comment on that would be 
welcome). Of course that cannot be seen in your Table 3 since there you considered 
only the pre-industrial period.  

When discussing the post 1950 period and having in mind your S2 Figure I would 
have discuss the data in another way (I guess that it is too late at this stage of the 
review but may in a future paper more focused on the recent decades?). I would 
have used this period for which historical Eastern European emission estimates 
of NH3 [Van Aardenne et al., 2001]), NOx [Van Aardenne et al., 2001], and SO2  
[Stern, 2005, 2006] are known, to test the assumption that, in spite of melt, 
such ice core are still useful to examine decadal atmospheric changes. Indeed, 
the decadal trends of ammonium, nitrate and sulfate extracted from the ice 
records may differ (as corresponding emissions did: the post 1970-80 
decrease is far more pronounced for SO2 than for NOx for instance). Note that 
this difference was already detectable in the sulphate and nitrate ice core 
records reported in Figure 3 of the Eichler’s GRL paper. If no difference in the 
trends of sulphate and nitrate appears in the Svalbard ice core, I will tend to 
conclude that everything is driven by melting, handicapping the use of such 
records to extract atmospheric information even at the decadal scale. 



 

 

 

End of the Legrand’s review. 

biogenically derived NH3 in the atmosphere to form
NH4COOH aerosol, finally deposited on the glacier by
precipitation scavenging.
[9] Biomass burning is also enhanced during periods of

increased temperature. However, typical tracers of biomass
burning (K+ and NO3

! [e.g., Song et al., 2005]) don’t show
high loadings in PC2. These species are comprised in PC3,
explaining 11% of the data variance. In this study we focus
on the interpretation of the PC2 record and species having
high loadings in PC2.
[10] The records of PC2, NH4

+, and HCOO! reveal strong
fluctuations and an increasing trend since around 1700–
1750 (Figure 2). A previous study found a strong correlation

between temperature and solar activity during the past
750 years suggesting solar forcing as a main driver for tem-
perature changes in the Altai region [Eichler et al., 2009].
Comparable to the Altai temperature, NH4

+ and HCOO!

concentrations were low during periods of low solar activity
(Wolf, Spörer, Maunder, Dalton, Gleissberg minima) and
show an increasing trend since the Maunder minimum. This
points to solar-induced temperature changes as a main driver
for preindustrial biogenic emissions from the vast forested
areas in Siberia.

3.2. Industrial Period

[11] During the industrial period in Siberia (1940–2000),
NH4

+ concentrations increased to a greater extent than
expected due to temperature increases alone (Figures 2 and
3). Furthermore, HCOO! concentrations dropped strongly in
the same period. The period 1940–2000 is characterized by
enhanced anthropogenic emissions of SO2 and NOx. We
compared historical NOx and SO2 emission data from
different parts of the world with the ice core NO3

! and
exSO4

2! (non-dust SO4
2! [see Olivier et al., 2006]) concen-

tration records. The main sources of these pollutants are
emissions from traffic and enhanced agricultural application
of synthetic fertilizers (NO3

!) and fossil fuel combustion
(exSO4

2!). Different regions reveal different timing and

Table 1. Loadings of the PCA Performed on the Normalized 10-
Year Means of the 9 Major Ions and d18O and the Variance
Explained by Each Component for the Time Period 1250–1940a

PC1 PC2 PC3

Ca2+ 0.90 0.11 !0.21
Mg2+ 0.93 !0.15 !0.09
Na+ 0.86 !0.16 !0.35
Cl! 0.88 !0.22 !0.07
SO4

2! 0.83 0.13 !0.26
NH4

+ 0.28 0.82 0.29
HCOO! 0.40 0.84 !0.05
d18O 0.00 0.82 0.13
K+ 0.56 !0.33 0.67
NO3
! 0.72 !0.17 0.57

variance explained (%) 50 23 11
Mineral dust Biogenic emissions Forest fires

aSpecies exhibiting the highest loadings in the three PCs are marked.

Figure 2. Ice core records of d18O (red, stars), NH4
+ (green,

triangle), HCOO! (black, square) (period 1250–2001), and
PC2 (period 1250–1940, blue, circles). Solar activity
minima are marked in yellow (Wolf, Spörer, Maunder,
Dalton, Gleissberg minima). The industrial period in Siberia
1940–2000 is marked in red. Data shown 10-year averages
(individual symbols) and smoothed with an 80-years
lowpass filter (bold line).

Figure 3. 10-year averages of d18O (red), NH4
+ (green),

HCOO! (black), NO3
! (grey), and exSO4

2! (brown) (period
1600–2000) together with historical Eastern European
(E.E.) emission estimates of NH3 (Tg N [Van Aardenne et
al., 2001]), Non-Methane Volatile Organic Compounds (Tg
NMVOC [Van Aardenne et al., 2001]), NOx (Tg N [Van
Aardenne et al., 2001]), and SO2 (TgS [Stern, 2005, 2006]).
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