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Referee’s comments: Overall the topic is of interest and fits well to the scope of the jour-
nal Biogeosciences. Moreover, a budget using the LOICZ approach was constructed
using measurements but mainly data from other studies. The budget balances sources
and sinks of nitrate and is supported by stable isotope data of nitrate. As a central con-
clusion the overwhelming role of nitrification as the major source of nitrate is presented.
Authors’ reply: We thank the referee for his/her ideas on improving the manuscript and
appreciate the careful review. In our opinion, the reviewer may not have appreciated the
power of combined mass- and isotope budgets, which add a completely new dimen-
sion to standard mass-only budgets due to the process-specific isotope fractionation
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in the nitrogen cycle. This and an apparently poor choice of title on our side may have
led to misunderstanding, which we hope to remedy in a revision. We address this point
and others raised by the referee below.

Referee’s comments: The most significant error is the definition of equations (1) and
(2). Sources and sinks are listed and supposed to be balanced. However, the source
terms list nitrification and the loss terms list sedimentation. Both of these do not fulfill
the criteria of a source or sink, respectively. Nitrification is neither a source nor a sink
for nitrate but simply a microbial process that converts ammonium via nitrite to nitrate.
Nitrification does not generate new DIN for a system simply because the substrate of
the nitrification process is ammonium and comes from internal turnover processes of
organic matter. The LOICZ report (no 5 LOICZ BIOGEOCHEMICAL Modelling Guide-
lines, 1996) states “The important point to note with this reaction (nitrification) is that
carbon and phosphorus are not directly involved in the net reaction. Again this makes
the point that the relationship between NO3 and NH4 may be considered an “internal
cycle” which need not be dealt with directly.” Authors’ reply: We are sorry that our ap-
proach is apparently open to misunderstanding, and indeed will change the title of our
manuscript to “A nitrate budget of the Bohai Sea based on an isotope mass balance
model” in order to make our focus on reactive nitrogen clearer. Because anthropogenic
impacts on biogeochemical cycles of marginal seas is always seen in amplified inputs
of reactive N, we focus on this cycle. The budget in the manuscript thus is basically a
budget of nitrate ion in the water mass, neither organic particles nor the sediment are
included as active compartments. Instead, we expand the mass-based budget with
an isotope-based budget to employ the added possibilities of dual nitrate isotopes to
quantify nitrate sources and sinks. That is why nitrification and sedimentation are con-
sidered as sources and sinks, because they affect the isotope budget. The “LOICZ
approach” that the reviewer refers to links water- and salt-balance to construct carbon,
nitrogen and phosphorus budget models and is an established methodology to stan-
dardize mass flux estimates of these biogeochemically important elements in coastal
systems on regional to local scales (D.C. Gordon et al., 1996;Smith et al., 2005). The
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underlying box model approach diagnoses water, salt and CNP-fluxes, for example
to decide if systems are autotrophic (production exceeds respiration) or heterotrophic
(respiration exceeds production) on the basis of deviations from stoichiometric Redfield
ratios. We do not aim to decide if Bohai Sea nutrient cycles indicate net autotrophy or
net heterotrophy, and thus specifically do not aim to include the carbon balance asso-
ciated with the LOICZ approach. We establish a more generic box model approach
specifically of the reactive nitrogen pools to provide mass flux estimates of inputs and
outputs to the nitrate pool. Our approach thus goes beyond a mass flux estimate (as
done in previous LOICZ-type budgets for Bohai Sea, e.g., Zhang et al. (2004)) by con-
straining some of the branches of reactive nitrogen in this coastal sea based on the
tell-tale changes in dual isotope composition of nitrate, and the dual isotopic properties
of sources and sinks. This approach thus differs fundamentally from the solely mass-
balance approach that have been done previously and that have large uncertainties
specifically in the internal nitrogen turnover. In our opinion the approach taken in our
study is significantly more specific and is diagnostic of several important pathways of
reactive nitrogen. Nitrification is indeed an “internal” source, as the referee says: “nitri-
fication does not generate new DIN for a system simply because the substrate of the
nitrification process is ammonium and comes from internal turnover processes of or-
ganic matter”, the initial source of newly nitrified nitrate is ammonium or organic matter
which releases ammonium. However, nitrification affects the stable isotopic ratios and
therefore, has to be included into our budget. For our study, N in organic matter is not
involved in our box model because it is simply not present as nitrate ions.
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