Dear Referee #1

Thank you very much for your valuable comments on our manuscript. We would like
to respond to each of your comments and questions one by one.

We definitely can observed low Matm/Datm ratio if a forest is N limited and
almost all precipitation nitrate is biologically processed. However, there are two
exceptions. One is high precipitation may cause high Matm/Datm ratio due to

limited contact time of precipitation nitrate with soil microbes and roots.

Thank you for your comment. Our conclusion was derived from FK, MY, and the past
data ever reported in forested streams through continuous monitoring on A'7O (Table
3 in the Manuscript; Table 1 in this file), where the data of precipitation up to 3837
mm per year, average [NO3 ], and Maum/Dam ratio were included. While the stream
nitrate concentration showed the strong linear relationship (R = 0.81; P < 0.0001)
with the Maim/Dam ratio (Fig. 3d in the Manuscript; Fig. 1a in this file), the amount of
precipitation showed no linear relationship (R? = 0.06; P = 0.48) with the Mym/Datm
ratio (Fig. 1b). Past studies have used the concentration of stream nitrate as one of the
important indexes to evaluate the progress of nitrogen saturation in each forest (Aber,
1992; Huang et al., 2020; Rose et al., 2015; Stoddard, 1994). As a result, we
concluded that the Maim/Dam ratio was mainly controlled by the progress of the
nitrogen saturation, rather than the amount of the precipitation. We would like to
mention this in the revised MS.



Table 1. The annual amount of precipitation (P), the average concentration of stream
nitrate ([NO3 Jave), the Maum/Dam ratio, the A'7O of atmospheric nitrate, the A'7O of

stream nitrate, and the gross nitrification rate (GNR) in the FK1, FK2, and MY, along
with those in the catchments studied in past studies.

Precipitation [NOsJave Mam/Dam  Datm  AO(NO3 )am AONO3 )sream  GNR
m uM % mmohm'2 % % mmohm'2
yr yr
FK1? 1769 109.5 13.9 69.3 26.3 2.6 631.7
FK22 1769 94.2 7.9 69.3 26.3 1.7 1002.8
My? 3837 7.1 1.2 40.1 26.3 0.6 1718.3
KJ° 2500 58.4 9.4 45.6 26.3 1.5 759.3
11 3300 24.4 6.5 44.5 26.3 1.5 735.7
1J2° 3300 17.1 2.6 44.5 26.3 0.9 1332.4
Fellow1¢ 1450 17.9 3.6 23.4 21.3 1.9 236.6
Fellow2°¢ 1450 343 6.3 23.4 21.3 2.1 210.6
Fellow3¢ 1450 60.0 10.3 23.4 21.3 1.5 311.1
Uryu¢ 1170 0.7 0.7 18.6 26.3 8.8 36.9
Qingyuan® 709 150.0 5.8 50 27.0 1.6 793.8
a: This study
b: Nakagawa et al., 2018
c: Rose et al., 2015
d: Tsunogai et al., 2014
e: Huang et al., 2020
20 20 20
(@ y-or0x+19 (b) v (©) oy
_ P 0.0001 T P-048 e p=0s7
és 12 &\e; 2} §E 12
§ 8 e: o o é“v < o
T s} E 8. E 8
= | Ber % @ 7 [ootn 3 g + ......................
I8 i © O 1o o
o A® . . o A . . ° o . . . °
0 40 80 120 160 500 1500 2500 3500 500 1000 1500

[NO3_] avg (PM)

(O] o

Precipitation (mm)

@MY [ KJ, IJ1, and 172 (Nakagawa et al., 2018)

A Uryu (Tsunogai et al., 2014) ¢ Fernow 1, 2, and 3 (Rose et al., 2015)

GNR (mmol m?2 yr')

O Qingyuan (Huang et al., 2020)

Figure 1. the Maum/Dam ratio plotted as a function of the average concentration of
nitrate ([NO3 Jave) (@), the Mam/Dam ratio plotted as a function of the precipitation (b)
and the Mam/Dam ratio plotted as a function of the gross nitrification rate (GNR).

The other is high soil nitrate production (gross nitrification rate), which can

dilute of 170 of precipitation nitrate that reachs the soil.




Thank you for your comment. For the aspect of calculating, the high or low gross
nitrification rate (GNR) does not influence the annual export flux of NO3 atm (Matm),
and thus the the Maum/Dam ratio. For the aspect of the GNR influence the nitrogen
saturation of forest and thus the Maim/Dam ratio, we would like to discuss.

Past studies determined the gross nitrification rate (GNR) in the forested catchments
based on the elution flux of unprocessed atmospheric nitrate and remineralized nitrate
via stream, determined from the A'’O values of NOs™ in stream water eluted from the
catchment, and deposition flux of atmospheric nitrate into the catchment (Riha et al.,
2014; Fang et al., 2015; Hattori et al., 2019; Huang et al., 2020).

GNR = Daim * (ATO(NO3 )aim — ATONO3 stream) / ATTONO3)stream (1)
where Dam denote the deposition flux of nitrate into the catchments, A”?O(NO3)atm
and AO(NO3 )stream denote the A0 value of atmospheric nitrate and stream nitrate,
respectively.

We compiled all past data ever reported in forested streams through continuous
monitoring, where the data of Dagm, A?O(NO3)atm, A"O(NO3 )stream, GNR, and the
Matm/Daim ratio were included (Table 1 in this file). The GNR showed no linear
relationship (R? = 0.04; P = 0.57) with the Mum/Dam ratio (Fig. 1¢). As a result, the
GNR have no influence with the Mam/Dam ratio.

The streamwater samples for the three forested catchments were collected in
2019 to 2021, while 170 of precipitation nitrate used in the calculation was from
the site Sado island in central Japan during 2009 to 2012. So the space and time
both were mismatched between stream water sampling sites and precipitation
sites. So it is better that authors justified the mismatch. In addition, the average
of 170 in precipitation nitrate were used. However, there are a number of
studies reporting highly seasonal variation of 170 in precipitation nitrate.

Thank you for your advice and question. We estimated the uncertainty derived from
the difference in the locality as 1 %o (Nakagawa et al., 2018). This was based on the
standard deviation between the annual average A!'’O values determined in four
different monitoring stations located in the same mid-latitudes, in the past studies such
as La Jolla (33° N; Michalski et al., 2003), Princeton (40° N; Kaiser et al., 2007),
Rishiri (45° N; Tsunogai et al., 2010), and Sado (38° N; Tsunogai et al., 2016).
Besides, we estimated the uncertainty derived from the seasonal difference in the
A0 values of atmospheric nitrate as 1.8 %o, based on the standard deviation of six-
month moving averages of atmospheric nitrate determined at the Sado monitoring
station. Adding an additional 0.2 %o as a margin, we adopted 3 %o as the possible error
for A0 atm in the streams (we mentioned that in Line 258-261 of manuscript).
Additionally, the residence time of groundwater is longer than a few months for most
forested catchments in Japan with a humid temperate climate (Takimoto et al., 1994;
Kabeya et al., 2007). As a result, seasonal variation of the A'7O values of atmospheric



nitrate in the forested catchments in Japan will be buffered by groundwater and the
uncertainty of 1.8 %o is enough for the seasonal difference in the A'7O values of
atmospheric nitrate. In addition, Tsunogai et al. (2010) reported the A7O values of
atmospheric nitrate in Rishiri as +26.2 %o for 2006 to 2007. Tsunogai et al. (2016)
reported the the A0 values of atmospheric nitrate in Sado island as +25.5 %o for
2009, +27.2 %o for 2010 and +25.7 %o for 2011. As a result, the temporal variation of
the A'70O values of atmospheric nitrate can be negligible. We would like to clarify this
in the revised MS.

We would like to thank you for the helpful comments and suggestions. We hope that
our responses to your comments and questions are satisfactory.

Sincerely,

Weitian Ding

PhD student

Graduate School of Environmental Studies,
Nagoya University

Furo-cho, Chikusa-ku, Nagoya,
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