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The manuscript "Manure nitrogen production and application in cropland and range-
land during 1860–2014: A 5-minute gridded global data set for Earth system model-
ing" could be interesting for the broader communities including earth system modeling,
climate scientist, and so on. Authors tried to make dataset for global manure inputs
and their compositions i.e., cow, chicken, and the other animals manures. I agree this
information is quite important information to assess historical global N cycling espe-
cially stimulated by anthropogenic activities. The quality of manures (i.e., CN ratio) are
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quite different among the animals and must affect global N cycling in environment. So,
I think this paper and dataset is worth to publish in this journal. However, some impor-
tant information is still lacking in this manuscript. So, I cannot recommend acceptance
for the current manuscript.

RESPONSE: Appreciate reviewer’s positive comments on our study. We carefully ad-
dressed the questions raised by the reviewer and listed as below.

Major comments I don’t have any strong objection for this data processing and the
products. I think there are no perfect way to make such dataset. However, some
important information are insufficient for methodology and results. For example, we
can hardly follow the values used in this study. So, a substantial revision is needed to
make this manuscript suitable for publication.

RESPONSE: Thanks for the precious comments. We have added the supplementary
information (Table S1-3) to list most important parameters we used in this study in
detailed.

Another concerns are as follow. this is optional. not review comments If you have al-
ready made "Carbon input" in manure application, could you share this dataset. This
is also important information in GHG budget and nutrient cycling of cropland (and pas-
ture).

RESPONSE: Thanks for the reviewer’s interest in the related work. Unfortunately, we
don’t have carbon input from manure application. The current method (including equa-
tions and parameters) in this study is based on IPCC 2006 (Tie I), which was designed
to calculate “the average nitrogen excretion rates” rather than carbon input. Therefore,
we don’t have carbon input from manure application. Individual comments

L97–99 Before this sentence, please add the detail explanation for GLIMS. For exam-
ple; "what kind of dataset?", "how to make?", "What is the original dataset?".

RESPONSE: Thanks for reviewer’s suggestions. We added the detailed explanation
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for GLIMS. “The original Gridded Livestock of the World (GLW) database (Wint and
Robinson, 2007), was further revised and improved in numerous ways, including col-
lection of more up-to date livestock statistics, application of finer resolution predictor
variables, and more reasonable analytical procedure, to develop the Global Livestock
Impact Mapping System (GLIMS) (Robinson et al., 2014).”

L97–99 Please add the citation for GLIMS.

RESPONSE: Added.

L108–111 The cited webpage said "Please mention the GLW version number with your
citation.". Please clarify the version of dataset used in this study

RESPONSE: Thanks for reviewer’s suggestions. The version we used in this study is
“GLW 2”. We have added in the method part.

L113 "global"→ "national"?

RESPONSE: We changed into “national”.

L117–118 For each livestock?

RESPONSE: We changed livestock into “cattle”.

L122–123 Are these values same among regions and periods?

RESPONSE: We revised the original sentences into “The annual trend was in-
terpolated based on the five time periods (1960, 1970, 1980, 1990 and 1998)
of livestock populations from the HYDE (History Database of the Global Environ-
ment, http://themasites.pbl.nl/tridion/en/themasites/hyde/landusedata/livestock/index-
2.html) (Table S1). We applied those trends to fill the gaps for years without livestock
populations from FAOSTAT” and added the table S1 to show the values from different
regions and periods in more details.

L125 Please clarify what kind of dataset are used in Holland et al. (2005) (N produc-
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tion? population?). Also, please add short description of this dataset.

RESPONSE: By using the livestock population (including cattle, swine, sheep and poul-
try) from FAO Production Yearbooks, Holland et al. (2005) applied the default excretion
rate suggested by Souchu and Etchanchu (1989) to generate the annual manure nitro-
gen production from 1860 to 1960. We obtained the trend of the inter-annual variation
for manure nitrogen production before 1960 from Holland et al. (2005), and applied to
each grid to estimate the amount of manure nitrogen production from 1860 to 1960.

L130 How to deal missing data in FAOSTAT. Are there no missing data for total heads?

RESPONSE: Yes, there are some missing data for livestock population from
FAOSTAT. In that case, we applied the annual trend, which was interpolated
based on the five time periods (1960, 1970, 1980, 1990 and 1998) of live-
stock populations from the HYDE (History Database of the Global Environment
http://themasites.pbl.nl/tridion/en/themasites/hyde/landusedata/livestock/index-2.html)
(Table S1), to fill the gaps for years without livestock populations from FAOSTAT.

L130–133 Before this calculation, were GLIMS dataset (gridded data) aggregated to
country based values?

RESPONSE: GLIMS provided the country level statistics for livestock population in the
supplementary information (Table S5) in Robinson et al. (2014).

L130–133 What is the GLIMS’s reference year (2005) in your study?

RESPONSE: The GLIMS’s reference year in our study was 2006.

L133 Is k 1960–2014?

RESPONSE: k is 1961-2014.

L134 Please add the citation for IPCC 2006 guidelines.

RESPONSE: Thanks, added.
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L136–142 A little bit tricky. Are there any information for country specific values of
Nratei,j (and T AMi,j in IPCC 2006 guidelines. So, please clarify "i" to be just China,
US and the others.

RESPONSE: Thanks. IPCC 2006 guidelines only provide the regional nitrogen excre-
tion rate, including North America, Western Europe, Eastern Europe, Oceania, Latin
America, Africa, Middle East and Asia. Thus, we clarified “i” as China, US, and other
regional specific values.

L136–142 Please clarify the values in Nratei,j and TAMi,j used in this study, to show
the differences among countries

RESPONSE: We listed detail information in Table S2.

L152–153 How to define the different agro-ecological areas.

RESPONSE: Herrero et al. (2013) defined different agro-ecological zone based on
temperature and length of growing period (LGP), the number of days per year during
which crop growth is possible: - Arid and semi-arid, LGP ≤ 180 days. - Humid and
sub-humid, LGP > 180 days. - Tropical highlands or temperate. Temperate regions are
defined as those with one month or more with monthly mean temperature, corrected
to sea level, below 5◦C. Tropical highlands are defined as those areas with a daily
mean temperature, during the growing period, of between 5 and 20 ◦C. In his study, he
provided gridded global livestock production system (See Supplementary Information
from Herrero et al. (2013)- Figure S1).

Eq.4, L154–168 Could you show all values used in this study? (if possible, as a table)

RESPONSE: We listed all the parameters from Eq. 4 in Table S3.

L366–388 This sentence is not needed in the conclusion of this study.

RESPONSE: I guessed the reviewer mean line 366-368. We removed that sentence.

L175–179 Please show the values used in this study for each FM(j, ...).
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RESPONSE: We listed the values in Table S3.

L175–179 Are there any reasons (or premises or citations) to use your assumed val-
ues? For example, you applied different values among different farming systems. Why?
Also, I wonder why same values are applied throughout entire period (1860–2014?).

RESPONSE: By using the livestock population data from FAO and the method from
IPCC 2006 -Tier 1, we got the manure nitrogen production over 1860-2014. Beyond
this, scientific communities are more interested in the manure application to the crop-
land and rangeland when thinking about food security, water security and sustainable
development of entire livestock sector. Thus, we further processed the data to gener-
ate gridded manure application in cropland and rangeland. The parameters we used,
particularly for different livestock production system has been broadly used in differ-
ent studies to estimate the greenhouse gas emissions (Gerber et al., 2016; Herrero et
al., 2016) and to assess the trade-off and synergies between the grazing intensity and
ecosystem (Petz et al., 2014). The reason we used the same values throughout the
entire period is due to the lack of available time-varying values.

L193–194 How about rangeland?

RESPONSE: The global livestock production system provided the rangeland distri-
bution in 2006 (Herrero et al., 2013). The spatial distribution of livestock production
systems in 2006 serves as a baseline map to characterize the change of livestock
production system during 1860-2005. We assumed the spatial distribution of livestock
production system remained the same during 2006-2014. We assumed if the grid cell
was identified as rangeland-based systems, the livestock production system remained
the same during the study period. If the grid cell was identified as mixed rainfed farming
systems, the percent change of livestock production system would be proportional to
the changes of the cropland area in that grid cell backward from 2006, and the mixed
rainfed farming systems was converted from rangeland-based system

L237–244 I think the linear trend of manure production (i.e., kg N km−2 yr−1 ) is
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doubtful for this long time (1860–2014). This analysis should be separated to short
periods (e.g., 1860–1910, 1910–1960, 1960–2010).

RESPONSE: We separated the original figure into three short periods as reviewer
suggested. We also added addition description as follow “Changes in manure nitro-
gen production showed highly spatial variability and revealed several hotspots over the
globe due to the imbalances of global economic development and population growth
(Fig. 4). Western Europe experience an increase in annual changing trend of manure
nitrogen production from 1860 to late 1980s and decline thereafter. Southern Mex-
ico, Central America, Columbia, Southern Brazil, Southeast Australia and India show a
continuing increasing trend for manure nitrogen production during 1860-2014. Western
and Eastern Africa and Northeast China experienced an increase in manure nitrogen
production during the recent decades.”

L246–248 Please show the time-series data for fraction of livestock categories during
1960–2014.

RESPONSE: Added as Figure 6

L3.4 Could you write the result of comparison with the other map (Fig./,8) in this sec-
tion?

RESPONSE: Thanks for reviewer’s suggestion. The current “comparison with other
studies”, particularly for Fig. 8 not only included the comparison of our estimation of
manure application to cropland and rangeland with Bouwman et al., 2013 (as sug-
gested by reviewer to add into Section 3.4), but also the comparison of our estimation
of total manure production with Potter et al., 2012. And we also compare our estimate
with other studies. Thus, we feel that it may be more appropriate and organized in the
current format.

L286 Why "±"?

RESPONSE: We compared the continental estimate of manure production with Potter
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et al., 2010’s result. For Asia, North America, Europe and South America, our estimate
is larger, but for Africa and Europe, our estimate is smaller. Thus, we add “±”.

L301 Please specify→ "during the past six decades"

RESPONSE: Changed into “during 1961-2013”.

L304–312 These sentences are appropriate for Introduction. Please move to Intro or
remove.

RESPONSE: Removed.

L314–321 Please clarify this statistical analysis in the material & methods. Please
keep in mind "correlation does not imply causation". Of course, I agree that manure
is important source of atmospheric N2O. Inductive approach needs more careful logic
and discussion.

RESPONSE: We agreed with the reviewer, correlation does not imply causation. To
avoid misleading the readers, we removed the correlation between atmospheric N2O
and manure production part.

L323–326 Please remove this sentence.

RESPONSE: Removed.

L332–334 Please clarify how large variance the excretion rate is existing among re-
gions (seasons)? Please cite previous studies for this value.

RESPONSE: Previous studies suggested that the excretion rates varied across re-
gions. For example, the excretion rates in China for dairy and other cattle were 0.19 ±
0.04 and 0.07± 0.02 kg animal-1 day-1, respectively (Ouyang et al., 2013). The N ex-
cretion factors for EU countries using the gross N excretions in the Nitrates Directives
reports was 75-184 and 20-90 kg N animal-1 yr-1 for dairy and other cattle, respec-
tively (Velthof et al., 2015). Rufino et al. (2014) also suggested that the excretion rate
could varied due to changes in feed quality and availability. Unfortunately, they didn’t
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give an estimate of how large the variances are among seasons.

4.3 Could you suggest the potential way how to reduce the uncertainties in this
dataset?

RESPONSE: Reducing the associated uncertainty seems straightforward but hard to
accomplish at the current stage, which needs to have more available data for excretion
rate and livestock systems at finer scale with temporal variation. In addition, system
thinking is another way to unravel the complexity and meanwhile explore the option for
the sustainable development (Section 4.3).

4.4 There seems to be no information and relevances to your dataset in this section.
Please remove this or move to introduction.

RESPONSE: Removed.

Fig 1 Honestly, from this figure, I can hardly follow data processing of this study (e.g., I
cannot understand what the main dataset is and what is your data treatment). Perhaps,
it is easy to understand using summary table for the dataset (i.e. data source, dataset,
units, referreces).

RESPONSE: We removed the original Figure 1 and added Table 1 as a summary table.

Fig 6 Please use "Swine" instead of "Pig".

RESPONSE: Revised.
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Please also note the supplement to this comment:
http://www.earth-syst-sci-data-discuss.net/essd-2017-11/essd-2017-11-AC1-
supplement.zip

Interactive comment on Earth Syst. Sci. Data Discuss., https://doi.org/10.5194/essd-2017-11,
2017.
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