
Response to Review 1: 

 

We thank the reviewer for scrutinizing our manuscript and providing insightful 

comments and constructive suggestions, which greatly improve the quality of the 

manuscript. Please see our responses to the comments as follows. 

 

In this study, Cao et al. derive US NH3 emissions associated with fertilizer application from 1900 to 

2015. The strength of this study lies in the use of spatially-explicit time-series for cropland 

distribution and fertilizer application. The authors rely on a very simple emission scheme to 

estimate NH3 emissions. While this is acceptable considering the goal of this study, better 

quantification of the role of each factors and associated uncertainties for the authors’ conclusions 

are needed before publication can be considered. 

 

General comments 

line 130 How would application of fertilizer at emergence (early spring) for winter 

wheat impact the authors’ conclusions 

Reply: We thank the reviewer for raising this insightful question. In this revised 

manuscript, we reconstructed the historical crop phenology and improved the N 

fertilizer application timing for winter wheat, fall barley, and cropland pasture to make 

it more reliable and reflect the real human practices. We believe this improvement 

solves the concern. The newly added information can be found in Methods 2.2.4 Crop 

phenology, 2.2.5 Nitrogen fertilizer use dataset.  

We also added further discussions that are related to the newly added methodology. The 

discussion can be found in Discussion 4.3 Monthly peaks of NH3 emissions shifting 

from 1930 to 2015.  

 

Line 122 to 154. 

2.2.4 Crop phenology 

We derived state-level crop phenology information from the USDA-NASS weekly crop 



progress report, which recorded the fractional acreage that has reached a given crop 

development stage (USDA-NASS, 2018). We linearly interpolated the weekly crop 

progress and identified the day at which crop development was 5%, 15%, 85%, and 

95% complete. We extracted the planting and harvesting dates for all major crops except 

for cropland pasture. For winter wheat, we also obtained the date of dormancy breaking 

in the early spring (green-up) from 2014 to 2016. To gap-fill the planting date of a 

specific crop in a given state for missing years, we grouped states by latitude and 

adopted the distance-weighted interpolation (Eq. 3) using the mean date of the 

corresponding group.  

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑖𝑖+𝑘𝑘 = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖+𝑘𝑘×𝐷𝐷𝑀𝑀𝐷𝐷𝑀𝑀𝑖𝑖
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖

 ×  𝑘𝑘−𝑖𝑖
𝑗𝑗−𝑖𝑖

+  𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑖𝑖+𝑘𝑘× 𝐷𝐷𝑀𝑀𝐷𝐷𝑀𝑀𝑗𝑗
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑗𝑗

 × 𝑗𝑗−𝑘𝑘
𝑗𝑗−𝑖𝑖

                    (3) 

Where Date refers to the date of a given crop development stage that contains missing 

values, Mean refers to the mean date of the given stage of grouped states, the year i and 

j are the beginning and ending year of the gap, respectively, and the year i+k is the kth 

missing year. 

The survey periods of crop progress provided by USDA-NASS vary across crops and 

states. For example, the data of durum wheat is available only in the years 2014 and 

2015, while the data of barley started from 1996. The records of the other seven crops 

are available since the 1980s. To extend the crop-specific planting date records back to 

1900, we adopted the approach used in the Environmental Policy Integrated Climate 

(EPIC) crop model, which considers daily heat unit accumulation (HU, Eq. 4) and heat 

unit index (HUI, Eq. 5) for crop phenological development estimation. It assumes that 

crops are ready to be planted or to break dormancy when the mean of daily maximum 

and minimum temperature equals to the base temperature (Tb) (i.e. when HU reaches 

0), and to be harvested when the cumulative HU equals to potential heat units (PHU) 

(i.e. when HUI reaches 1). Based on the days at which 5%, 15%, 85%, and 95% crop 

development were completed between 1980-2015, we calculated the crop-specific Tb 

and PHU of each state with daily maximum and minimum temperature smoothed by a 

seven-day moving window from 1979 to 2015 for four percentages respectively. Instead 

of using the temperature at planting in fall as Tb, we used the temperature at green-up 



in early spring as Tb for winter wheat and fall barley to obtain a more accurate 

estimation of harvesting dates of these two crops. The averages of Tb and PHU in the 

earliest five available years of each crop type in each state were applied to Eq. 4 and 

Eq. 5 to calculate the dates of all four developments of all stages for missing years back 

to 1900.  

𝐻𝐻𝐻𝐻𝑘𝑘 = 𝑇𝑇𝑇𝑇𝑀𝑀𝑇𝑇𝑘𝑘×𝑇𝑇𝑇𝑇𝑖𝑖𝑀𝑀𝑘𝑘
2

− 𝑇𝑇𝑇𝑇𝑐𝑐,      𝐻𝐻𝐻𝐻𝑘𝑘 > 0          (4) 

where HU is heat unit, Tmax and Tmin are daily maximum and minimum temperature 

in oC, Tb is the crop-specific base temperature in oC, k refers to the day k, j refers to 

crop type j. 

𝐻𝐻𝐻𝐻𝐻𝐻𝑖𝑖 = ∑ 𝐻𝐻𝐻𝐻𝑘𝑘𝑖𝑖
𝑘𝑘=1
𝑃𝑃𝐻𝐻𝐻𝐻𝑗𝑗

       (5) 

Where HUI is the heat unit index, which ranges from 0 at planting for spring-planted 

crops and at green-up for fall-planted crops to 1 at harvesting. PHU is the potential heat 

units required for harvesting, i and k are day i and day k, j refers to crop type j. 

 

Line 177 to 180. 

For winter wheat and fall barley, we allocated the use of N fertilizer after planting to 

the green-up stage in the following year. While for cropland pasture, we adopted the 

application timing strategy from Goebes et al (2003), in which 1/30 of the total N 

fertilizer amount is applied in January, February, October, November, and December, 

1/12 in applied in May, June, July, and August, and 1/6 is applied in March, April, and 

September.  

 

Page 12, line 364 to 365. 

Whereas farmers in the Southern Great Plains prefer to apply most of N fertilizer after 

planting for cotton and a considerable amount of N fertilizer at green-up for winter 

wheat, resulting in peaks in summer and early spring.    

  

 

 



line 305 relationship with wet deposition is not very compelling. As noted by the authors 

there are a lot of different factors that could be at play. I would suggest to focus on 

spring and fall months where the authors expect the fertilizer contribution to be 

maximum 

 

Reply: We agree with the reviewer that focusing on spring and fall would strengthen 

the association between fertilizer-induced NH3 emission and NH4
+ deposition. However, 

the only NH4
+ deposition maps that are available from the National Atmospheric 

Deposition Program are at an annual basis. To make a comparable analysis, we here 

used yearly NH3 emission estimation rather than the seasonal estimation. According to 

Pearson’s correlation table, we highlighted the pixels with a significance level of 0.01 

and 0.001 respectively to examine the relationship between NH3 emission and NH4
+ 

deposition in the past 31 years. The result shows that the pixels with a significance level 

of 0.001 concentrated in the Northern Great Plains, Kansas, some parts of the Northwest 

and Minnesota, which supports our conclusion that the increase of NH3 emission from 

N fertilizer may contribute to the NH4
+ deposition trend in these regions. As the 

reviewer mentioned, we also discussed the roles of other factors such as forest fire and 

livestock played in these regions.   

 

 

Trend attribution —————– 

I recommend the authors better quantify the relative importance of the different factors 

that contribute to changes in the magnitude and seasonality of NH3 emissions. I would 

suggest the authors perform their analysis using a climatology for a) temperature, b) 

fertilizer type, c) spatial crop distribution, e) crop mix 

Reply: We agree with the reviewer’s suggestion. We designed additional simulation 

experiments to examine the contributions of five major factors, including temperature, 

cropland distribution, crop type, fertilizer rate, and fertilizer type, to long-term NH3 

emission. We found that N fertilizer use increase dominated the dynamic of NH3 

emission across the US. While springtime warming weakly enhanced NH3 emission in 



most regions, it had an adverse effect in the Northern Great Plains and Northwest. 

Changes in cropland distribution and type played complicated roles impacting NH3 

emissions across regions and over time. In general, the spatial cropland area change 

slightly increased NH3 emission in the intensively managed agricultural regions like the 

Midwest and the Great Plains but lowered the emissions in the Northeast and the 

Southwest. Whereas crop type rotation decreased NH3 emission in most regions. 

However, it is noteworthy that the minor effects of cropland distribution and rotation 

are due to the N fertilizer input was kept constant at the level of 1960 and the cropland 

area changes represent the summation of cropland expansion and abandonment across 

the country. We added the revision in Method 2.3 Factorial contribution assessment, 

Discussion 4.2 Spatiotemporal change in NH3 volatilization, and Supplement 6 

Factorial contribution analysis.    

 

Line 196 to 208. 

2.3 Factorial contribution assessment 

Environmental factors and human activities have considerable impacts on the dynamics 

of NH3 emissions. We set up five simulation experiments to quantify the roles of five 

major factors including temperature, cropland distribution, cropland rotation, N 

fertilizer type, and N fertilizer application rate, in shaping NH3 emission since the 1960s 

(Table 1). The first simulation experiment (S1) was designed to mirror the temperature 

effect by keeping all other four factors unchanged at the level of 1960. We set up the 

rest simulation experiments (S2-S5) by adding the annual change of cropland 

distribution, cropland rotation, N fertilizer use rate, and N fertilizer type successively 

to S1. In S2, we allowed the percentage of cropland in each grid cell to change following 

the prescribed input data but kept the crop type within grid cells unchanged. Whereas 

in S3, the cropland percentage and type changed simultaneously through years. We 

further added annual N fertilizer use rates into S4 with N fertilizer type ratio fixed in 

1960. We treated 1960 as the baseline year and run all the simulations from 1960 to 

2015. The value difference between the simulated year and 1960 in S1 was calculated 



to estimate the temperature effect. We calculated the differences between S2 and S1, S3 

and S2, S4 and S3, and S5 and S4 to assess the impacts of cropland distribution, 

cropland rotation, N fertilizer rate, and N fertilizer type, respectively.  

 

Line 333 to 337. 

The conclusion drawn from our factorial contribution analysis shows that changes in 

cropland area and rotation have a minor influence on NH3 emission in the nation (Fig. 

7), which is primarily because N fertilizer input was kept constant at the level of 1960. 

Besides, the cropland area changes represent the summation of cropland expansion and 

abandonment across the country, resulting in a relatively small contribution to NH3 

emission increases.  

 

Supplement:  

6 Factorial contribution analysis 
We set up five simulation experiments to examine the factorial contributions of 
temperature, cropland distribution, cropland rotation, N fertilizer type, and N fertilizer 
use rate to NH3 emission change nationally and regionally. We calculated the difference 
every year between simulation experiments to assess the contribution of each factor and 
then averaged the difference within a decade (Table S5). The positive value in the Table 
S5 indicates a positive effect on NH3 emission.  
 
 

Supplement Table 5. Factorial contributions to NH3 emission changes (Gg N year-1) across the 
contiguous U.S. 
Decade Region Temperature Land use Rotation N fer rate N fer type 

1960s 

US 0.98 -4.21 -5.33 87.35 -16.86 
NE 0.16 -0.49 0.11 2.50 0.23 
MD 0.41 -1.33 -0.85 39.55 -15.84 
NGP -0.13 -0.38 -0.23 9.22 -2.61 
NW -0.04 0.03 -0.03 3.60 0.97 
SGP 0.17 -0.38 -1.14 19.02 -3.79 
SE 0.32 -1.15 -3.04 10.09 2.78 
SW 0.07 -0.51 -0.14 3.38 1.39 

1970S 

US 0.31 3.05 -8.17 260.46 -40.75 
NE 0.11 -0.76 0.63 6.00 0.32 
MD 0.30 1.07 -1.15 112.17 -29.81 
NGP -0.09 0.07 0.33 30.80 -7.89 



NW -0.05 0.34 -0.04 11.40 0.94 
SGP -0.04 1.04 -1.19 55.61 -12.47 
SE -0.03 1.91 -7.19 33.68 7.88 
SW 0.10 -0.62 0.45 10.80 0.23 

1980s 

US 1.57 1.01 -8.51 354.80 7.67 
NE 0.14 -1.02 0.88 7.37 0.55 
MD 0.76 1.38 -0.55 153.27 -6.31 
NGP -0.03 0.31 0.59 47.48 -7.53 
NW -0.09 0.24 -0.02 14.69 3.18 
SGP 0.00 0.21 -1.31 73.85 -4.25 
SE 0.52 1.29 -8.84 43.12 20.74 
SW 0.26 -1.40 0.76 15.02 1.22 

1990s 

US 2.53 -3.08 -6.35 410.22 20.95 
NE 0.23 -1.54 0.68 8.58 0.86 
MD 1.19 0.73 -0.79 162.61 -17.30 
NGP -0.04 0.42 1.04 67.83 -4.55 
NW 0.02 -0.13 -0.03 19.22 5.86 
SGP -0.03 1.12 -2.58 86.86 4.03 
SE 0.76 -1.71 -5.04 47.41 29.95 
SW 0.40 -1.97 0.37 17.71 2.01 

2000s 

US 1.96 -5.55 -6.20 405.63 68.46 
NE 0.18 -1.87 0.73 9.02 1.52 
MD 0.61 0.24 -0.30 161.38 -14.10 
NGP -0.16 0.33 0.92 81.85 28.16 
NW -0.03 -0.38 0.13 21.10 11.31 
SGP 0.09 1.57 -2.99 78.05 9.34 
SE 0.68 -3.51 -4.00 38.35 28.42 
SW 0.58 -1.94 -0.69 15.88 3.75 

2010s 

US 3.77 -7.29 -5.64 434.21 94.37 
NE 0.21 -2.05 0.58 6.62 0.94 
MD 1.10 0.11 -0.46 177.10 -9.50 
NGP -0.06 0.39 2.07 107.16 53.17 
NW 0.01 -0.50 0.56 23.37 11.63 
SGP 0.14 1.10 -0.71 69.74 8.39 
SE 1.70 -3.77 -6.58 34.38 25.65 
SW 0.66 -2.57 -1.12 15.83 3.91 

 

 

There are two important factors that I would like the authors to analyze in more details 

a) planting dates The authors rely on a climatology for planting dates. However, 

Kucharik (2006) showed using the USDA crop report that corn planting took place ~2 



weeks earlier in 2005 relative to 1980. This dataset is available for other crops and it 

would be useful for authors to assess the impact of changing planting dates over this 

time period. 

There also exists simple parameterizations to estimate planting dates based on 

temperature/ precipitation that I would recommend the authors consider to estimate the 

variability in planting dates before 1979 (e.g., Bondeau (2007)) 

Reply: We appreciate the reviewer for raising this critical question and providing the 

information about the data source. Based on the reviewer’s suggestion, we collected the 

crop-specific phenology changes in planting, green-up, and harvesting data in each state 

back to the 1980s from the USDA-NASS weekly crop progress report 

(https://www.nass.usda.gov/Quick_Stats/Lite/index.php). Then we used the crop model 

EPIC to estimate the crop-specific phenology in each state from 1900 to 2015. Then we 

used this dynamic phenology data to replace our original static phenology data. This 

data improvement has substantially improved our estimates of NH3 emission and led to 

inter-annual variations of monthly NH3 emission due to the dynamic crop phenology 

introduced. We added the improvement in Method 2.2.4 Crop phenology, 2.2.5 

Nitrogen fertilizer use dataset, and Discussion 4.3 Monthly peaks of NH3 emissions 

shifting from 1930 to 2015. Please refer to our replies to the first comment raised above. 

 

 

b) could the authors comment on the impact of long-term acidification that has been 

reported in several studies 

Veenstra, J.J. and Lee Burras, C. (2015), Soil Profile Transformation after 50 Years of 

Agricultural Land Use. Soil Science Society of America Journal, 79: 1154-1162. 

doi:10.2136/sssaj2015.01.0027  

Fuqiang Dai, Zhiqiang Lv, Gangcai Liu. (2018) Assessing Soil Quality for Sustainable 

Cropland Management Based on Factor Analysis and Fuzzy Sets: A Case Study in the 

Lhasa River Valley, Tibetan Plateau. Sustainabil-ity 10:10, pages 3477 

Reply: We appreciate the reviewer’s suggestion and references. We added the 

discussion in the section 4.2 Spatiotemporal change in the NH3 emissions to address 



the impact of long-term soil acidification on NH3 emission.  

 

Line 354 to 357 

Although soil acidification through long-term agricultural land use may offset the 

effects of the increasing use of urea-based fertilizer, more effective policies and 

agricultural management are still needed in those high NH3 loss proportion regions 

(Veenstra and Lee, 2015; Dai et al., 2018), which can prevent air quality deterioration 

and enhance crop NUE.  

 

 

Comparison with other inventories —————————– 

the authors need to compare their inventory against other efforts to develop historical 

emissions from EPA, EDGAR, and CMIP6. I believe that only gridded NH3 emissions 

from agriculture may be readily available from EPA and CMIP6 but I encourage the 

authors to contact the inventories’ developers to obtain their estimates for historical 

US fertilizer emissions. 

http://www.globalchange.umd.edu/ceds/ -> code is freely available 

https://edgar.jrc.ec.europa.eu/ 

Reply: We appreciate the suggestion to show more comparisons with other NH3 

emission inventories and the inventory sources provided. Since our study focuses 

specifically on the NH3 emission from synthetic nitrogen fertilizer, we cautiously chose 

the inventories which are comparable to valid the spatiotemporal and monthly pattern 

of NH3 emission in our results. The CMIP6 GCM provided estimates of NH3 emission 

from the agricultural sector in the US based on the emission factor calculated by 

EDGAR (Hoesly et al., 2018). Both CMIP6 and EDGAR have a solid methodology and 

database in estimating NH3 emission globally and regionally. However, their estimates 

of NH3 emissions from agricultural soil contains NH3 emitted from nitrogen fertilizer, 

rice cultivation, nitrogen-fixing crops, crop residues, and so on, which includes broader 

emission sources than our work. As a result, CMIP6 and EDGAR reported 1431 Gg N 

year-1 and 1750 Gg N year-1 NH3 emission from agricultural soil in 2014, whereas our 



study estimated 630 Gg N year-1 from N fertilizer use in the same year. EPA-NEI started 

the NH3 inventory from 1990 and published the data discontinuously. In the inventory, 

other nitrogen inputs like nitrogen deposition were incorporated. Meanwhile, NH3 

absorbed and released by the canopy is also considered in their estimation. With input 

data and methodology evolving, monthly NH3 emissions from “Fertilizer” were 

available since 2008. We selected the inventory of the year 2011 and 2014 (Version 2) 

to compare with our estimates in Fig. 8 for annual emission, and in Fig. 9 for monthly 

emission. 

 

 

Figure 8. Comparison of annual NH3 emissions. (a) Paired comparison between our result and individual 

research, (b) Boxes include 25-75% of NH3 emission of all chosen years estimated by our study and other 

studies respectively, white lines are mean values, and whiskers comprise the whole range of data. NH3 emission 

estimated by Paulot et al. (2014) represents the average of 2005-2008, we compared their estimate against our 

result of 2006. 

 



 
Figure 9. Comparison of monthly NH3 emission patterns between our estimate and other studies. Two typical 

monthly patters of NH3 emission in this study were used. The estimate of 2004 represents the pattern when 

planting date is early, whereas the simulation of 2011 stands for the pattern when planting date is delayed. 

Two simulations using different approaches by EPA-NEI were chosen in the comparison. Grey boxes include 

25-75% of monthly NH3 emissions during 2005-2015, black lines are mean values, and whiskers comprise the 

whole range of data. 

 

 

We reached out to the EPA-NEI to request spatial maps of NH3 emission. We were 

provided a gridded map of NH3 emission in 2014. By comparison, we chose the image 

of the spatial pattern of NH3 emission in 2011 from NEI FTP site 

(ftp://newftp.epa.gov/air/nei/2014/doc/2014v2_supportingdata/nonpoint/) instead of 

the gridded map in 2014 because the N fertilizer input used in 2011 is more comparable 

to our results. However, because the 2011 map is in a low resolution and hard to re-use, 

we listed the side-by-side comparison as Fig. S3 in the supplementary. 



 
Supplement Figure 3. Comparison of spatial pattern of NH3 emissions between our study (a) and 
EPA-National Emissions Inventory (b) in 2011. 

 

 

Technical comments: 

line 30: please rephrase to more clearly separate the impacts associated with N 

deposition and with PM2.5 

Reply: We rephrased the description in section 4.4 Effects of increasing NH3 



emissions on wet NH4+ deposition 

 

Line 374 to 390. 

4.4 Effects of increasing NH3 emissions on wet NH4
+ deposition 

Although the intensive NH4
+ in wet deposition concentrated in the central U.S., the 

largest increase in wet NH4
+ deposition was found in the northern Great Plains and 

Minnesota from 1985 to 2015 (Du et al., 2014; Li et al., 2016). Our result shows that 

the increase of NH3 emissions from synthetic N fertilizer in the Northern Great Plains, 

the Northwest, and Kansas was significantly correlated to the increase of NH4
+ wet 

deposition during 1985-2015 (Fig. 9). NH4
+ deposition is highly affected by local NH3 

emissions because NH3 volatilized into the atmosphere has a very short lifetime and 

deposits close to the source quickly. Therefore, In addition to growing forest fire and 

livestock numbers (Abatzoglou and Williams, 2016), our study reveals that NH3 

emissions from increasing N fertilizer use played an important role influencing the 

inter-annual variability of wet NH4
+ deposition in the northwestern U.S. over recent 

decades. . Whereas with decreasing NH3 emissions from N fertilizer in parts of 

Washington, Wisconsin, Florida, the Southeast and the Northeast since 1980 (Fig. 2), 

the wet NH4
+ deposition promoted by an increasing forest fire, rapid urbanization, and 

growing livestock population (Fenn et al., 2018) showed strong negative relations with 

NH3 emissions from synthetic N fertilizer in these regions. In addition to wet NH4
+ 

deposition, the PM2.5 also showed an increasing trend in Minnesota, the Northern 

Great Plains, and the Northwest during 2002 and 2013 (U.S. EPA, 2019). Since NH3 

in the atmosphere heavily involves in formatting PM2.5, the increase of NH3 emissions 

may contribute to the PM2.5 increase in these regions. Therefore, the increase of NH3 

emissions induced by northwestward corn and spring wheat expansion and consequent 

urea-based fertilizer use might largely enhance the environmental stress in these 

regions.  

  

 



 

 

line 70 I would recommend discussing alternative (more recent) approaches used to 

derive NH3 emissions not only in the US but also in China and Europe. There have 

been a lot of progress in NH3 inventories since the work of Bouwman and the authors 

need to better explain why this approach was selected. 

 

Reply: We agree with the reviewer’s suggestion for including discussions in the model 

selection. Our study focus specifically on NH3 emission from the single source: 

synthetic N fertilizer. Compared to inversed model approaches and process-based 

models, which mix other sources of NH3 emission and require a deep understanding of 

various NH3 emission drivers, empirical model-based emission factor has been proven 

an effective and valid tool for estimating NH3 emission. Our work builds upon a newly 

developed N fertilizer management dataset including the crop-specific information of 

N fertilizer use rate, fertilizer type, application timing, and application method. Using 

high-spatial-resolution soil properties, daily temperature, dynamic crop distribution, 

and dynamic crop phenology as model drivers, the REML developed by Bouwman et 

al. (2002) can provide higher levels of detailed NH3 emissions over space and time. We 

added the discussion in Discussion 4.5 Uncertainty 

 

Line 407 to 416 

4.5 Uncertainty  

Zhou et al (2015) developed a nonlinear Bayesian tree regression model as a function 

of N fertilizer rate to estimate NH3 emission in China and found the estimates match 

well with observations and satellite-based products. Thus, we may underestimate NH3 

emissions under a high N fertilizer use rate. Another example is the use of nitrification 

and urease inhibitors. Nitrification inhibitors have been found to increase NH3 loss 

while urease inhibitors can limit NH3 volatilization (Lam et al., 2017). Therefore, the 

uncertainty of usage of nitrification and urease inhibitor is likely to misrepresent NH3 



emissions. In addition, considering the bidirectional exchange process may improve the 

accuracy of seasonal NH3 emission estimation (Bash et al., 2013). However, our work 

builds upon the newly-developed N fertilizer management and crop phenology dataset 

that combines crop-specific N fertilizer use rate, fertilizer type, application timing, 

application method, and phenology for each state ranging from 1900 to 2015. The 

REML model we are using makes sufficiently use of these information and provides 

higher levels of details over space and time. 

 

 

line 42 grammar: for quantifying long-term spatially explicit of NH3 emissions 

line 63 objects -> goals 

Reply: We thank the reviewer for these words correction and corrected them.  

 

Line 136 The authors need to clarify that this dataset represents a climatology of 

present-day planting dates. 

Reply: We reconstructed the historical crop phenology data, please find the response 

above. 

 

line 196 I am not sure what reportedly means in this context 

Reply: We have deleted the word.  

 

Additional comment: I forgot to mention this recent study that the authors also need to 

consider: 

https://onlinelibrary.wiley.com/doi/pdf/10.1111/gcb.14499 

Reply: We have included this work. 

 

Line 42 to 43. 

Process-based modeling is a popular “bottom-up” approach for quantifying spatially 

explicit NH3 emissions over a long period (Cooter et al., 2012; Riddick et al., 2016; Xu 

et al., 2018). 

https://onlinelibrary.wiley.com/doi/pdf/10.1111/gcb.14499
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