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The patterns of soil nitrogen stocks and C:N stoichiometry under
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Dear Editors and Referees,

Thanks for your comments on our study "The patterns of soil nitrogen stocks and C:N
stoichiometry under impervious surfaces in China" [Paper # essd-2023-218]. We have

revised the manuscript accordingly and addressed your comments point by point.

Best regards,

Qian Ding, Hua Shao, Chi Zhang, Xia Fang



RC2: 'Comment on essd-2023-218', Anonymous Referee #2, 18 Jul 2023

General comments: Ding and coauthors have conducted a national scale soil
samplings and reports the patterns of soil nitrogen (N) stocks and C:N stoichiometry
under impervious surfaces in China. They found that soil N density in the 0-100 cm
profile under impervious surface areas was significantly lower than that under the
permeable surface areas, and pointed out that the impervious surfaces could result in
the convergence of soil C:N stoichiometry. Overall, this is an interesting study and
provide the knowledge of biogeochemical cycles under impervious surfaces. However,
I have several concerns on the present manuscript.

Response: Thanks for your comments. We have revised the manuscript accordingly

and addressed your comments point by point.

Comment 1: Introduction: All previous studies have already demonstrated that
impervious surface areas had lower soil N density than permeable surface areas, what
is the novelty of comparing soil N density under impervious surface areas with that
under permeable surface areas (In the present study, the authors also found that soil N
density under impervious surface areas was significantly lower than that under the
permeable surface areas)? Moreover, even though there is a lack of information of
vertical variations in soil N densities under impervious surface areas, the authors should
introduce the necessity of studying vertical distributions of soil N and should be better
to propose the hypothesis (is it different from that in natural soils or the soils under
permeable surface areas)? I would suggest the authors further improve the novelty and
significance of their study. In addition, the data in the sentence “ISA covers ...... during
2000-2030” is pretty old, please use the updated information. I am also confused with
the expression in the sentence “We chose to use ...... from construction materials”, to
the best of my knowledge, soil C:N stoichiometry represents the SOC:total N ratio
rather than the total C:total N ratio, why did the authors state an information different

from the common sense?

Response:



(1) The fourth paragraph of the Introduction section has been completely revised to
highlight the novelty and significance of this study. We emphasized that previous
studies focused on individual cities, thus were unable to gain a big picture of the
large-scale distribution pattern of the soil N in impervious surface area (Nisa). This
limitation also makes it impossible to evaluate the correlation between Nisa and the
potential environmental drivers such as climate factors, geographic factors, and
socio-economic factors, etc.. Finally, our literature review can only find 7 local
scale case studies so far, which is far from adequate to estimate the Nisa pool size
at large scale. Following is the revised paragraph:

Considering the high heterogeneity of urban soils, the available observations from 7 cities around
the world are far from enough to provide useful information about the storage and characteristic
distribution of Nisa at large scale. Previous studies focused on individual cities, but regional scale
surveys are required to investigate the influences of climatic, ecological, geographic, and
socioeconomic factors on Nisa distribution. Such information is not only necessary to evaluate
global Nisa pool size, but also helpful in revealing the environmental-control mechanisms over the
soil biogeochemical processes in ISA (Ding et al., 2022). For example, the urban ecosystem
convergence theory suggests that cities from different regions tend to have similar soil properties
(e.g., SOC density) as a result of intensive human disturbances, even if their native soil properties
differ significantly (Pouyat et al., 2003). Regional soil surveys from multiple cities are required to
evaluate this theory with soil nutrient data. In addition, more observational data are required to
evaluate whether ISA soil has extremely high C:N ratio, which might indicate decoupling of soil C
and N processes (Raciti et al., 2012; O'riordan et al., 2021).

(2) We added the following paragraph to emphasize the importance of study the
vertical pattern of soil N under the ISA:

Investigations on the vertical distribution pattern of soil N are also important, because the nutrient
distribution patterns through soil profiles are influenced by both natural and human factors. In
natural ecosystems, vertical nutrient distributions are dominated by plant cycling relative to leaching,
weathering dissolution, and atmospheric deposition, leading to nutrient concentrating in topsoil
(Jobbagy and Jackson, 2001). Previous studies in urban areas, however, showed that the removal of
plants and topsoil in the ISA may alter the vertical pattern of SOC, resulting in a more homogeneous
SOC distribution through the soil profile (Yan et al., 2015; Ding et al., 2022). Based on the observed
SOC pattern, previous studies suggested that the changes in soil biogeochemistry in ISA was mainly
caused by plant and topsoil removals and initial disturbance as opposed to postconstruction
processes (Jobbagy and Jackson, 2001). Investigations on the vertical distribution patterns of Nisa
can help us to evaluate this mechanism. However, most previous studies only sampled the topsoil
or upper soil layers (Table 1) and thus could not obtain a complete picture of the vertical distribution
pattern of the Nisa.

(3) We updated the information of global ISA expansion in the revised manuscript:

The global ISA area in 2018 was 1.5 times larger than in 1990, at approximately 7.97x10° km?
(Gong et al., 2020)



(4) We agree that it is widely accepted that soil C:N stoichiometry represents the
SOC:total N ratio rather than the total C:total N ratio. However, we noticed that
some previous research (Hu et al., 2018; Pereira et al., 2021; O'riordan et al., 2021)
used the ratio between total C and total N to investigate the C:N stoichiometry in
ISA soil.

To prevent confusion, we changed all SOC:N to C:N in the revised manuscript, and
discussed the issue in the revised section 2.3 (paragraph 2, see below):

The SOC density of the samples was reported in a previous study (Ding et al., 2022). We noticed
that some research (Hu et al., 2018; Pereira et al., 2021; O'riordan et al., 2021) used the ratio between
total C and total N to investigate the C:N stoichiometry in ISA soil. However, the content of soil
inorganic C under impervious surfaces is likely altered by anthropogenic C from construction
materials, and black C (Zhao et al., 2017; O'riordan et al., 2021). In this study, we used the ratio
between SOC and N to investigate the soil C:N stoichiometry, just like most soil studies in both [SA
(Wei et al., 2014a; Raciti et al., 2012; Piotrowska-Dtugosz and Charzynski, 2015) and PSA (Lu et
al., 2023; Schroeder et al., 2022; Yang et al., 2021).
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Comment 2: Materials and methods: A big concern is the calculation of soil N density,
why the authors did not consider the rock fragments in calculating the soil N density?
For calculating the soil C and N density, using the fine earth bulk density and soil N
concentration can provide more accurate N density estimation. In addition, there are
some mistakes for the citation formats, for example, Yang et al. (2007) (Yang et al.,
2007), Zhang et al. (2021) (Zhang et al., 2021), the authors should treat their manuscript
more carefully throughout the whole manuscript.

Response:

(1) Sorry for fail to described our soil sampling method in detail in the manuscript. Yes,
we tried to exclude large amount of rock fragments in soil sampling treatment. As
you can see below, we added detailed description of our sampling treatment
methodology in the revised section 2.1:

Our study across China found that most of the Ekranic (sealed) Technosol profiles have a clear
boundary between the building material layer and the soil. Where the boundary is unclear, we treated
the topsoil with a high amount of hard building materials, where artifacts >0.15 mm accounted for
over half of the soil volume, as the building material layer. We only took samples in the soil below
the building material layer. Samples with notable additions of anthropogenic artifacts, e.g., coal fly
ash, mixed in the soil were discarded. Following the protocol of China's National Soil Surveys, the
visible non-soil artifacts in the remaining soil samples, such as fragmentations of bricks, glasses,
stones, roots, etc., were picked out and discarded (Shi et al., 2004).

(2) We have checked the citation formats and revised the related references according
to the comments. Following are the corrected citations.
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L132-133 is changed to “According to Yang et al. (2007), 46% of the N stock (in 1 m depth) of
natural soil is stored in the top 0-30 cm soil, and 68% of the N stock is stored in the top 0-50 cm.”
L138-139: this content has been removed from the manuscript.

L200-203 is changed to “To facilitate spatial analysis, we divided the country into six subregions
— the northeast, north, northwest, east, south, and southwest, according to geography, climate, and
socioeconomics following Ding et al. (2022) (Figure 1a).”

L227-229 is changed to “Our observed Nisa content (0.4 g kg™') in the 2040 cm soil layer in
Beijing was also comparable to the reports by Zhao et al. (2012) (0.26-0.42 g kg™").”

L256-260 is changed to “Similarly, Wei et al. (2014a) found that C:Nisa was lower than C:Npsa
in Yixing city, China, and O’Riordan et al. (2021) found a significant positive correlation between
N and C in ISA soil in Greater Manchester, UK, even though they also observed an increased total
C:total N ratio in ISA soil compared to PSA soil.”

L280-281 is changed to “Lu et al. (2023) found a lower C:N ratio at higher latitudes in China,

suggesting a positive correlation between C:N and temperature in natural ecosystem soils.”
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Comment 3: Results: I am a little bit confused about the Figure 4 and its description,
please make it clearer.

Response: Sorry for the confusion. The intra-city analysis aimed to quantify the soil
C:N variations among the samples within the same city, i.e., the local scale variation in
soil C:N stoichiometry. The inter-city analysis aimed to quantify the soil C:N variations
among different cities, i.e., the national scale variation in soil C:N stoichiometry. In the
revised work, we changed to use dissimilarity which measure the distance between each
pair of sample points to quantify the variation among the samples, according to the
comments of other reviewers.

(1) In the revised section 2.3 (paragraph 3), we explained the goal of this analysis and

the methodology:

According to the urban ecosystem convergence theory, intensive human disturbances (e.g., soil
sealing) could reduce variations in soil property at large scale (i.e., among different cities) even if
the intensively disturbed areas may have similar or higher variations in soil properties at city scale
compared to the less disturbed areas (e.g., PSA) (Pouyat et al., 2003). To evaluate this theory, we
compared the mean inter-city C:N stoichiometry dissimilarity and the mean intra-city C:N
stoichiometry dissimilarity between the ISA and PSA. The inter-city dissimilarity (or regional scale
variation) measured the Euclidean distance in C:N between each pair of different cities, while the
intra-city dissimilarity (or local scale variation) measured the Euclidean distance in C:N between
each pair of sampling sites within the same city, all combinations included. If the urban ecosystem
convergence theory was correct, we expect to see ISA having lower inter-city C:N dissimilarity than
PSA, but higher or similar intra-city C:N dissimilarity than/to PSA.

(2) We also revised section 3.2 (paragraph 2) to describe the analysis result:

Figure 5 shows the ISA soil samples had lower inter-city C:N dissimilarity (1.86+1.40 vs. 2.43+2.15)
than PSA, but similar intra-city C:N dissimilarity to PSA. This pattern indicates that although the

ISA soil and the PSA soil had similar variations in C:N stoichiometry at the local scale (within a

city), the C:N variations at national scale (among the cities) were reduced for the ISA soil, possibly

due to the intensive human disturbances on ISA soil as predicted by the urban ecosystem

convergence theory (Pouyat et al., 2003).

(3) Finally, we revised the caption of the figure to clarify the issue:

Figure 5: Comparing the inter—city variation and the intra—city variation of C:N ratios between the
ISA and PSA. The variations were measured using the dissimilarity of (or the Euclidean distance
between) paired observations. For intra—city variation, the soil C:N dissimilarity between each pair
of different sampling sites within the same city were calculated and averaged; for inter-city variation,
the soil C:N dissimilarity between each pair of different cities under investigation were calculated
and averaged. The letters indicate the significance of the difference among the groups.



Reference:

Pouyat, R. V., Russell-Anelli, J., Yesilonis, I. D., and Groffman, P. M.: Soil carbon in urban forest
ecosystems, in: Potential of U.S. Forest Soils to Sequester Carbon and Mitigate the Greenhouse
Effect, CRC Press, 347-362, 2003.

Comment 4: Discussion: A big concern in the discussion is that can the authors
differentiate the impacts of impervious surfaces and natural soil background on soil N
density? For example, “The northern region accounted for the largest share (33%) of
the NISA stock in China (Figure 8d), mainly due to its large area of impervious
surfaces”, is this true after considering the natural soil background?

Response: Thank you for the comment. To address the reviewer’s concern, we focus
on comparing the observed Nisa density with the previously reported N density in the
natural soil of China (Tian et al., 2006) in the revised manuscript. Following is the

newly added section 5.4 in the revised manuscript:

Our study and Tian et al. (2006)’s study on China’s soil N had same subregion zone design. However,
we found the urban soil (both the ISA and PSA) in the East zone had the highest N density while
Tian et al. (2006) found the rural soil N density in the East zone was among the lowest in the country.
The relatively high precipitation and temperature in the East China may lead to high SOM
decomposition rate and nutrient leaching rate, which explains its low rural soil N density (Tian et
al., 2010). However, the East region was also the most developed region in China for the last several
centuries. Its cities had high population density and long urbanization history. The long-term
intensive human activities might leave profoundly footprint in the soil biogeochemical processes,
significantly elevated its N content. This finding, together with the relatively low inter-city C:N
variations/dissimilarities in the ISA (see section 3.2), indicate intensive human disturbances might
override the nature environmental effects in shaping regional distribution pattern of soil N processes,
further confirmed the urban ecosystem convergence theory (Pouyat et al., 2003).
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