We are grateful for the constructive comments from the Reviewer. We have addressed all the
comments and questions raised by the reviewer 1. In our response the comments have been marked
in black and our responses have been marked in blue. Furthermore, the manuscript has been
checked by a native speaker.

| agree with the other referees that the biggest problem with the paper is the overinterpretation of
rather few measurements. | will not repeat their points, but this aspect needs to be toned down.

We agree with the Reviewers that the conclusions provided in the text are too strong. We have
included several changes in the text. Please see reply to comment 1 and 2 from the Reviewer 1.

Abstract (and related discussions)

My only real objection here concerns line 25, which claims that dynamical approaches are a 'viable
objective’ for all CTMs. | am not convinced that this is really true. What are data requirements and
shortages? Do the authors expect data on fertilizer practices, irrigation, soil characteristics, and
legislation and farming traditions to be available in the near (or forseeable) future?

We do not expect detailed data on fertilizer practices, irrigation and so on in the near feature but it
was shown by Skjgth et al. (2011) that even with scarce and rather uncertain information about
agricultural practice and production methods, improvements in CTM modelling may be obtained
from applying a dynamic NH; emission model. Our study suggests that results could be further
improved by incorporation of national practices into the model. However, an application of a
dynamic approach requires more computer power and lengthens a simulation time which is a
disadvantage of this method. Recently it has also been shown that the concept of a sector based
emission inventory (e.g. separating emission from fertilizer and buildings) and simulating the
fertilizer application using a Gaussian Model with Growing Degree Hours was a viable approach for
the global model Geos-Chem that was run on 2.5 x 2.5 degree resolution (Paulot et al., 2014). With
this approach and reasonable assumptions it was possible to create global data with sufficient high
quality that could be used in Geos-Chem and it was shown that this approach was better than fixed
profiles for Europe, China and USA, respectively.

We have modified the sentence:
Page 2022, line 25

Implementing a dynamical approach for simulation of ammonia emission is a reliable but challenging
objective for CTM models that continue to use fixed emission profiles. Such models could handle
ammonia emissions in a similar way to other climate-dependant emissions (e.g. biogenic volatile
organic compounds).

Other points on the abstract:
- could be shorter

The abstract has been shortened.



- omit or define NWP
Omitted.

P2024,L8. The cited Riddick paper is for tropical seabird colonies, which is a bit exotic for a paper
dealing with Poland. The paper by Simpson et al. (1999) suggested that in Europe the NH3 emissions
from "natural’ sources were almost negligible compared to agricultural.

We have change the citation from (Riddick et al., 2014) to (Andersen et al., 1999), (Hansen et al.,
2013) and (Sutton et al., 1997), which concern: ammonia emission from a spruce forest in Denmark,
ammonia emission from a deciduous forest in Denmark and emission from hill surface (grass
moorland and blanket bog) in the UK, respectively. We have included also the study of (Simpson et
al., 1999).

Modified test:
Page 2023, line 7-8

Ammonia is mainly emitted to the atmosphere from agricultural operations (Bouwman et al., 1997),
but also from natural sources (e.g. Andersen et al., 1999; Hansen et al., 2013; Sutton et al., 1997).
Agriculture’s share in total ammonia emission in European Union was 94% in 2010 (EEA, 2014) and is
largely from animal excreta and fertilizers. The contribution of natural emission is negligible
compared to agricultural for the most of European areas (Simpson et al., 1999;NATAIR 2007).

P2024. First paragraph - explain which regions are being discussed by the cited studies.
The focus is on European areas. We have clarified this in the text:
Page 2024, line 3

Ammonia affects the acidification of European soils that arises from the deposition of N from the
atmosphere (Sutton et al., 2009; Theobald et al., 2009).

P2025 and elswhere. There is no such thing as the "WRF-Chem model for Poland’.WRF-Chem was not
built for Poland, and there is no unique model version; there may even be several groups running
WRF-Chem for Poland. Please state whose implementation of WRF-Chem you are referring to, and
give this a name.

We agree with the comment. We have removed the reference to WRF-Chem throughout the text,
where it was used in the context of the constant emission. Please see also reply to point 10 (below).

P2026,L14 - 'default values were implemented...”. Who, where? (In this study, or in Skjoth?)
We have clarified this in the text:
Page 2026, line 14

Default values were therefore implemented by Skjgth et al. (2011) for many European countries.



8.

10.

P2028,L3 refers to Sect. 2.1.1, but no such section exists.

Correct reference is 2.2 — this has been corrected.

P2077,L5 how and when is W as ventilation used and estimated?
We have clarified this in the text:
Page 2027, line 5

Ventilation is parameterised by using a large European data set from Seedorf et al. (1998a, 1998b).
The derivation is fully described in Gyldenkaerne et al. (2005) and uses outside temperatures and
management practice in open and closed barns.

P2028,L11. | found these scenarios and their explanation confusing. Usually one begins to explain
the 1st scenario and then develop explanations for the following ones. Here the authors begin with
the last. And as noted by referee #3, the names change at different points in the paper. | miss also an
explanation of the motives and thinking behind NOFERT. Please itemize better and explain each
scenario, and then stick to the chosen naming convention throughout. As a minor point, it seemed
odd to put scenario 3 (FLAT) in the middle of the non-WRF scenarios.

We agree with the Reviewer. We have changed the order of scenarios and keep it clear throughout
the text (changed all figures and tables related to the scenarios). We have clarified the definition of
the scenarios. Please see the modifications given below.

Page 2025, line 10-18

With this we will compare a constant emission approach (FLAT, scenario 1) against: 2) a dynamic
approach based on the European-wide default settings (Skjgth et al., 2011, scenario DEFAULT), 3) a
dynamic approach that takes into account Polish practice and less regulation compared to Denmark
(POLREGUL), 4) a scenario that focuses on emissions from agricultural buildings (NOFERT). We will
test all four scenarios for a full year with a simplified chemical transport model (CTM) in order to
minimize the computational penalty and discuss the results from our four scenarios against related
results that have been obtained for Denmark (Skjgth et al., 2011), Germany (Skjgth et al., 2011) and
France (Hamaoui-Laguel et al., 2014).

Page 2028, line 10

The annual gridded NH; emissions were then used to construct 4 scenarios termed FLAT (1),
DEFAULT (2), POLREGUL (3) and NOFERT (4) (Table 2). Applying the scenarios DEFAULT and FLAT
shows the advantage of implementation of the dynamic emission model (DEFAULT) instead of using
a constant emission profile (FLAT). This step is especially important for the area of Poland, as the
dynamic approach at high spatial and temporal resolution has not been used before and because
Poland is a large country where the variations in the climate cause changes in crop growth
throughout the country, thereby affecting agricultural activity. Then, by replacing the default setup
in the dynamic model with Polish regulations (POLREGUL) we wanted to provide some outlines for
the users of this or similar models concerning the expected range of changes in ammonia emission.



11.

12.

13.

14.

This is considered particularly important due to the expanding use of this open-source model. These
differences in emissions are caused by variations in agricultural practice in different countries, which
are caused by both climate (thus affecting agricultural activity) and national regulations. A detailed
description of the POLREGUL approach is provided below. In the fourth scenario (NOFERT) we
wanted to show the sensitivity of the dynamic model to application of manure and fertilizers, mainly
in respect of spring ammonia emission peak, thereby demonstrating that the implementation of the
method should carefully assess national regulations on manure application for optimal performance
of the model.

P2031,L18. What are "specific’ geographical areas.

Specific geographical area concerns location of stations listed in the bracket. We have modified the
text to make it more clear:

Page 2031, line 18-19

Three of these EMEP stations are located in specific geographical areas, e.g. sea coast in the north
(teba), the highest peak in the Sudety Mountains (Sniezka), and a large forestland in NE Poland
(Diabla Géra).

P2032,L12. Why 250m and 750m?
We have explained this in the text.
Page 2032, line 11-13

6 trajectories were run for each day with an episode from group 1, once every 6 hours. The
trajectories were run for the receiving heights of 250 m and 750 m, as it was suggested by
Hernandez-Ceballos et al. (2014) that trajectories between 300 and 700 m do not show large
differences in transport path within the first 12-24 hours.

P2038,L18. | assume you mean dissociation, not evaporation? You should give a reference for that
process also (eg Fowler et al, 2009 for a recent review).

We meant evaporation, here. It is explained below:
Page 2038, line 17-19

Another factor that can cause an increase of ammonia concentrations within a plant canopy coupled
with altered microclimate could be evaporation of ammonium containing aerosol (Fowler et al.,
2009; Nemitz et al., 2004).

P2056, Fig. 3. The legend gives function names, but the axis says emissions. These are different
things. Also, the yellow Fct10 line is very hard to see in my copy. Different line styles, bolder, and
maybe some markers would help.

We have clarified in the figure caption that description in the legend concerns emission from given
functions. We have improved the figure.
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16.

17.

Page 2056, figure 3 caption

Fig 3. Time series of the seasonal variation in emission (POLREGUL run) for various agricultural
emission categories in Jarczew. Description in the legend concerns emission from functions (Fct)
described in Tablel.

P2057, Fig. 4. Why compare one day’s 3 hour period of emission with a monthly mean from FRAME?
Compare like with like.
We agree with the comment. The emission has been aggregated into monthly values.

P2060, Fig 7. Which scenario is this - be explicit in the captions.
Clarified in the caption:

Fig 7. Modelled emission (POLREGUL) and measured concentration for the Jarczew station

P2061, Fig 8. It would be easier to see the trajectories with bolder lines. Also, are these 250m or
750m trajectories.

We have have changed the line style to bold. These are 250 m (upper row) and 750 m (lower row) —
we have marked this in upper-right corner.
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