We thank Leiming Zhang and the two anonymous retefer their thorough reading of the
manuscript and their constructive and thoughtfuhoeents which have helped to improve the
manuscript further.

All three reviewers judge the manuscript to be redéng and original and worth of

publication in ACP. Here we address the individcainments in turn and describe how we
have implemented them in the revised manuscripe. driginal text of the referees is printed
in italics.

Referee#1

1. This paper presents a very substantial contidsuto the field of biosphere/atmosphere
pollutant gas (ammonia) exchange modeling and &t $s1 well worthy of publication in-,
and within the scope of, Atmospheric Chemistry Rhgsics. This significant advance in flux
modeling has been eagerly anticipated and awaitedhie atmospheric NH3 scientific
community for the last decade. The paper is clelaity out and well written, although excess
detail can render some of the figures rather diftico read and interpret. The literature
review is extensive and comprehensive, and theogezpparameterisation follows logically
from the review and discussion of the various itensiccession.

Much effort has gone into synthesizing existingwkadge and into deriving empirical
relationships from measured data, even if the agth@ppear sometimes to have taken
shortcuts to alleviate the lack of data in someaareor to have been selective in the data
shown on figures or used in deriving functionalatgnships in other areas, without
necessarily explaining why given data were discdrdeéhis is no doubt a result of the wide
range of measurements, methods, techniques, eeosyssoils, model parameters, etc...
covered in the paper and in the large body of #tare cited, and simplifications are
necessary at this stage to bring the bulk of thewkedge on the topic into one coherent
modeling framework, which can be tested, refinedl @panded in the future.

More explanation was added to some of the figunesFagure 5 was simplified by removing
numbers relative to references.

2. The title refers to the exchange between vagatand the atmosphere, and the emphasis
is certainly placed on exchange parameters in @astomatal compensation point, leaf
surface resistance, bulk ammonium content), whilechmless space is devoted to the
exchange with the underlying ground surface, saitd deaf litter, even though many
publications have shown that the magnitude ofesathange can be similar to, or exceed, that
of vegetation. Again, this reflects the currenttestaf knowledge and the lower number of
publications regarding soil/litter processes witlespect to atmospheric NH3, which by
comparison with stomatal and leaf surface exchaage little known and poorly quantified.
Yet there is little doubt that over fertilised gmss, the net annual NH3 exchange is largely
dominated by soil emissions that occur following #pplication of fertilisers and manures,
and it is clear that this model offers a rather cemtreatment of these emissions. Having said
that, there really aren’t any operational alternats, and the present approach is a first step
that should be tested at regional and national essarather than at the field scale, where
comparisons with flux measurements would likeliebs favourable.

We agree with the referee. The soil and litter smaiss are a little “under developed” in this
paper. Point also made by referee #3. This is duihe lack of data. Nevertheless a more
detailed discussion on limits and validation of Bgon 20 was added (see reply to general
comments #4 referee #3) as well as a table sholWgmgeasurements.



3. The most innovative aspect of the paper is upigaolly the formalisation of the functional
linkage between the (background) stomatal compemsgbint and the pollution climate as
represented by atmospheric N deposition. There need to relate the emission/deposition
potential of unfertilised, semi-natural ecosystemghe ambient N pollution, and this must be
done dynamically to allow ecosystems to respondhemges in emissions and deposition
patterns; the model is therefore a useful tool xplere scenarios. However, there is much
unexplained variability in the gamma_s datasets @iedestimation of N inputs on the basis of
bulk NH4+ content in Tables 2, 3 and Fig. 5 for dastory studies was rather speculative
and not necessarily entirely convincing. It may énéeen safer to limit the analysis to cases
where reliable estimates of both gamma_s and Nsiepo were available (the comment also
applies to Fig. 4).

We agree with reviewer #1. However, if this was&odone the dataset would be restrained
dramatically and the criteria for choosing thos¢éadaoints (concerningfs measurements)
would be a little subjective. We tried however (fig not shown) to exclude data points
where N inputs were calculated from bulk NHneasurements (i.e. laboratory studies) and
the adjusted curve betwedn and N input was not significantly different frorhet one
proposed (including all data points) for managedsgstems. Concerning unmanaged
ecosystems some of the data points were alreadyd®d:from the data analysis. Those were
the data where N input exceeded 50 kg lya' based on the argument that unmanaged
ecosystems were rarely subjected to such impoltads of N input. This data selection was
also criticised by reviewer #3. To remove the amityjgwe will exclude all data points
concerning unmanaged ecosystems that were doine ilalboratory and where total N input
was estimated based on bulk tissue;NiHeasurements. The resulting fitted curve between N
input andl s for unmanaged ecosystems is therefore the follgwin

I, =246+(0.0041)x (N,,,)**

Specific comments

1. p10342, 119: ‘too complicated to be integratadarge scale models’: the issue here is not
complexity but computing time. Please rephrase.

Sentence was changed to “they require excessivguimy time to be integrated in large
scale models”

2. p10346, 118-21: by ‘total resistance to NH3 exatpe within the cuvette’, do the authors
mean the artifact in the quantification of the glatmosphere exchange due to NH3 being
adsorbed/desorbed by the cuvette walls? This shHmeilchade more explicit as it represents a
potentially important source of error in Xc, RsdaRw

By total resistance to Ndxchange within the cuvette we mean the sum,poRRand R or

Ry for the mini-canopy system inside the chambethtse cases calculating Bnd R from
cuvette measurement is not as straight forwardoasneasurements done in the field and
could be an important source of error. This waseddd the text.

3. p10347, 112: suggest change to '...can be aitgl to the litter or to the soil, or both’

Sentence was changed as suggested.



4. p10348, I115: '...forest ecosystems tend to HaweRw, whereas highest Rw are reported
for agricultural grassland ecosystems’ : this staent seems to imply that Rw(forest) is lower
than Rw(grass), but it is not supported by the datdable 1, where the Rw(min) values for
forests are 3.2, 24, 71, 26,0.1, which gives amageeof 25 s/m (geo. mean =7), while values
for agric. grasslands are 30, 5, 20, 10, with ar@ge of 16 (geo. mean= 13). The range is
wider for forests than for grasslands, but the ngeare not significantly different at 95%.
Further, Figure 7 actually shows that the fitted Rwrve is well above that for grass,
regardless of the NH3 to acids ratio. Please regkra

We agree with the referee and the sentence was/szmo

5. p10348, 114-21: were the Rw data presented memnalised to a common reference
height?

Rw presented here are for a height zO which is viialith vegetation height (as reported in
the different studies).

RH is always higher at the leaf/canopy level thanthe air in the surface layer above
vegetation, and this certainly accounts for some tbé differences in published
parametrisations

We agree that RH is always higher at the leaf levkich might explain some of the
variability. The ammonia concentration is also eliéint at the canopy level which might
explain the variability in the response of B the acid/NH ratio. Accounting for leaf level
concentrations was not possible in all the casdhbisfdataset due to the lack of information.
This was added to the discussion gngaragraph 2.2.

6. p10349, 16-12: '...evaluate if an obvious trezah be observed’: Can one? Is there one?
Please comment on Fig. 2. What does it tell usi® (@ther confusing and difficult to read)

The discussion is more detailed in the other sestimf the paper specifically in relation to
Figure 7. However additional comments were addeld weference to Figure 2.

7. Figure 3, and p10350, 14-8: 1 am not sure of Wladue of this figure, as it is only mentioned
briefly in the text and not commented upon. Iseaningful for example that in the case of
semi-natural and grassland, most data obtained kiyaetion are much lower than data
obtained by gas measurements? Does it point tothadelogical bias, or is it an indication
that that plants used for bioassay were grown @s M that those plants in the gas exchange
experiments (either cuvette or micromet.) ? Whirése by contrast a similar distribution of
gas and extraction data in crops?

The authors of the datasets for semi-natural etesys(Hill et al. 2001 for example) detect a
systemic difference between the two measuremehnigges (cuvette vs. extraction) other
authors find the opposite (Massad et al. 2008) adeemore recent measurements do not
detect a systemic difference between the two measemt techniques (Wang et al. 2010,
NEU-Solothurn conference). A comparison for theadsdt as whole on the other hand might
be trickier since different experimental conditiprfertilisation rates and measurement
techniques were used rendering the comparision digiigult. The question relative to the
difference between grasslands and semi-naturalysirss on one side and croplands might



be indicative that in croplands usually high,N are more common therefore resulting in high
I's measurements. Comments relative to this were aibdibn text.

8. p10350, 127: 'cutting seems to affect gamma; s.believe the authors mean here that

cutting affects the canopy compensation point (Xs)the non-recapture (Rw term) of NH3
emitted by litter affects Xc, not gamma_s, andhilgaer temperature (item ii) does not affect
gamma_s itself (since it is temperature indepentgntature) but the stomatal compensation
point Xs. By contrast, the third item (iii) on ptametabolism is a valid and legitimate

argument in favour of cutting affecting gamma_s.

We agree angs was replaced byc.

9. Tables 2 and 3, and throughout the MS: | hag&@ng objection to using the terminology
'N deposition’ for experiments in pots or greentesjswhere plants are grown on either soll
or hydroponics and where the N status is controlespecially for fertilised plants (Table 3).

| find it odd for example in the 5th line of TaBlewith beech being grown in a greenhouse on
a solution of NH4+ and NO3-, that one should tallNodeposition data (provided by EMEP)
while plants grow in the controlled environmentltéd GH and do not experience atmospheric
deposition. (Even if they did so prior to beinggad in the GH, is the info still relevant when
a nutrient solution is added for 3 months?). | dalerstand the value and need of compiling
data from different sources and measurement mettaods the need to standardise data in
order to derive functional relationships, but Irikithe term 'deposition’ should be reserved
for outdoor situations. For the present exercise gieneric term 'N input’ should be used, for
semi-natural (Table 2) as well as managed (Table eBpsystems, and for outdoor
observations the measured or modeled atmosphepiesiteon can be mentioned separately.

We agree for indoor experiments the term N depwsishould be replaced by N input. We
added N deposition values for the Gessler et &0FR study (line 5 in table 3) since very
similar compensation points were obtained during éixperiment for beech trees both in situ
(forest) and in the lab.

10. Figure 4, and section 3.2.1: | agree that foagslands and crops taken as a whole, the
gamma_s data seem to grow exponentially with btk However, there also seems to be
two separate populations in Fig.4a, with the grassl gamma_s data being generally higher
than cropland data for a given bulk NH4+ level abo20ug/g. Is there anything in the
physiology of grasslands compared with crops thightexplain this? Could there be a case
for splitting the datasets and deriving a (possilahear) fit for each vegetation type? This
would also help reconcile the data by Mattssonl 089 with the rest of the grassland data.

We agree that some of the grassland data pointseggarate from crop data points this is
particular to 3 data points which are from the Msin et al. (2009) study. There are however
3 grassland data points that are within the crda gaints variability. We don’t think it is
justifiable to have two parameterisation basedhis t

11. Section 3.2.2: this section does not deal sa&thsonal variations in gamma_s but annual
or longer-term values. Please change section headmordingly. Also, please replace
'atmospheric deposition’ and 'Ndep’ by 'Ninput’ ithe context of laboratory studies
throughout the section (eg p10352 123, p10353 18 &y etc), as recommended above, and
since Figure 5 itself uses the term Ninput, notpNde



The title to Section 3.2.2 was changed to “depeoe@f long ternT s values on N inputs”. N
deposition was changed to N input wherever necgs$isesughout the manuscript.

12. p10352, 118-19, 'gamma_s increases almost expaily with N input’: this statement
should be rephrased since the legend of figure Btiomes that the best fit was a power law
(thus not exponential).

Sentence was changed to: “We notice thatncreases considerably with N input (power
function).”

13. As it stands, Figure 5a/c does not show mudchrefation- ship unless the green symbols
(N inputs derived from lab experiments and bulkugs NH4+) are removed. The authors
argue that for these data, most of the gamma_sesgafall below the range of field data
(p10353, 16-7) and they should be excluded as dberhtory was unrepresentative of field
conditions. This is probably true, but why is nleére a relationship between N input and
gamma_s for the laboratory dataset by itself, amge s seems rather independent of the
added N? Could this point to a very large uncertyain estimating the N input on the basis of
bulk NH4+ content and vice-versa ?

A relationship betweehs and N input for laboratory experiments dealinghwsemi-natural
vegetation could be estimated. This relationshipld/mot be very useful in the scope of this
paper i.e. proposing a parameterisation to be rated in CTMs as this case in seldom
encountered. We however chose to exclude thosepaatds for the curve fitting here as
recommended in a previous comment.

14. These data based largely on the work in th&adBrisles by Pitcairn et al (eq. 6) may not
be universally applicable. Perhaps, therefore, ilationship between gamma_s and N dep is
not as robust as the relationship between gammadsballk NH4+ (p10352, 17-8) , if the N
input is rather uncertain.

We agree that the relationship between j§ik andls is more robust and this is why this
relationship should be privileged where this typentormation is available (crop models for
example). However in the view of integrating thedbiectional exchange model in CTMs a
link to accessible data should be made and hewecpaitameterisation as a function N

15. p 10352, 123: 'Ndep values [from the EMEP mpdela grid basis’: this is an additional
source of uncertainty as N deposition to foreshiwita grid square will be very different to
deposition to short semi-natural vegetation or tanaged ecosystems.

We agree that this is a major uncertainty in thg,Malues. We could not however have
access to My values within each grid attributed on an ecosydtasis. This was added to the
text.

16. p10353, 110 onwards, Table 3 and fig. 5b/d: feanaged systems, it seems that all
gamma_s values above around 1000 were removedifi®iataset to draw Fig 5b/d.

This represents 10-12 data points from the uppegeaof gamma_s values for crops from
Table 3 (on page 10387). Could the authors explelty and provide the rationale for the
data selection? A number of these data points wonb@tbubtedly weaken the relationship by
providing more scatter in the top left-hand coroéiFig. 5b/d, as total N inputs for these high
gamma_s data ranged from 0 to 220, with many raltherinput values.



Figures 5 b/d showEs vs. total N input, where total N input is the swinEquivalent N
fertiliser (Table 3 column 10) as calculated frohe tN status of the experiment and N
deposition (Table 3 column 7) as calculated fromHfNbux or measured for field
experiments. For some experimental data, we cootccalculate the equivalent N fertiliser
from the N status (when this was provided in mahf\for example), for others we could not
calculate the ‘equivalent’ N deposition (laboratayperiments where [NFpux Was not
measured). If either of those two data were nobntepl (columns 3 and 7) then the total N
input could not be calculated and thus the datapewere not shown on Figures 5b/d. This is
unfortunately the case for the 10-12 data poirdsfthe upper range o%. This explanation
was added in the text.

17. Table 3: | counted 36 data points for oilseade and 20 data point for barley, out of 69
references in this table for crops. Is not ther@aential bias in the parameterisations in
favour of these two species compared with othep<ey wheat (only 4 points) or maize (2
points)? | acknowledge that the authors of this B not be held responsible for the
distribution of NH3 studies across the scientifiorld, but could the data be (were they?)
weighted to reduce the risk of a bias?

Data were not weighed to reduce the risk of the.ld®msed on your suggestion, we tried to
derive a parameterisation by weighing the dataraitg to species distribution. The resulting

parameterisation is not significantly differentrfrdhe original one proposed. Given that some
uncertainty lies in the choice of the weighing ahtes and that some crops are not
represented in the data set but we propose to dipplgarameterisation to them, we chose to
keep the original parameterisation.

18. p10354, 16: Suggest replace '...linked to anmMainput for periods greater than 2-3
weeks after a fertilisation event’ by '...linkedaonual N input for periods outside of the first
2-3 weeks following a fertilisation event’ , ifghs what is meant by the sentence?

Yes this is what was meant. The sentence was egpkacordingly.

19. p10356, 114-16: the impact of grazing also aejseon whether animals are fed solely on
grass within the field (in which case there is @ removal of N from the soil/plant system
which is converted to animal tissue, meat, woaindk), or whether the animals are also fed
concentrates and other forage on site or in thélst@g during milking twice daily, in which
case there may be additional N inputs to the daitpsystem by deposited urine and faeces.

We agree that this affects the total N budget effibld. In the case of ammonia emissions as
stated lower in this review, the biggest emissiarthe case of grazing originate from the fact

that animals transform the plants (not an imporsmirce of ammonia) into urine and dung

(much more important source). This was added toetkie

20. Section 3.2.3: the authors attempt to calcuthe N fertiliser equivalent of the NH4+

concentration in nutrient solutions of hydroponystems. However, in the case of fertiliser
and manure applications in the field, significartiBllosses by volatilisation occur during the
first few days, so that the effective or actuatiliser/manure N input to soil (ie the N that

remains available for plant growth) may be of thdey of 20-30% less than the N applied.
The NH4+ concentration of hydroponics should peghée compared with the effective N
input by applying an NH3 loss factor (though oy datasets obtained in field conditions).



We agree with the referee that during fertiliseplagation there is a 20-30% loss but the same
argument can also be applied to a hydroponic swigince there could be NKolatilisation
from the solution itself.

21. p 10361, I12: suggest add '...and to set Rlzeto.’ at the end of the sentence.
The phrase was added as suggested.

22. Table 5: why should the canopy height and z6dmstant throughout the year for crops
(outside the mediterranean and tropical zones)?aflyethere is an annual cycle in canopy
height and roughness length as there is for LA#h wither bare soil or eg short (5 cm) winter
wheat/barley seedlings or cover crops during wintnd subsequent growth in spring to
reach the annual maximum canopy height (1-2m) imrsar.

We agree with the reviewer and changes were maiiie tiable.

23. p10361, 119-23: "...N input via fertilisatiorr grazing : the two processes should not be
mentioned and treated in the same vein. Fertildatloes add N to the plant/soil system, but
grazing (the removal of plant material by herbiveyes a net loss as some of the N ingested is
converted to animal protein. Much of the ingesteds Nhdeed lost in rumen fermentation
(NH3 volatilisation) and in urine and dung, whichturn to soil and is available for plant
growth. Although grazing is not per se a net anridahput to the system, it may nonetheless
locally increase soil available N and thus raisamlN content and gamma_s.

We agree that this should be added to the text aagded that grazing enhances ;NH
volatilization by converting part of the mobilized in the grass into a potentially high
volatilisation source (urine and dung).

24. p10363, 120-23: | am not of the opinion thattihe case of significant rainfall, most of the
N in the fertiliser is lost in leaching’; the fraoh leached depends on the form of the added
fertiliser and on soil type and cation exchangeamfy. For ammonium nitrate some of the
nitrate may be lost but much of the ammonium ithain in the root zone; for slurry, where
much of the N is NH4+ there is much less leachingdentally, even if all of the applied N
was lost in leaching following rainfall, the paratae T (efolding time) should not be set to
infinity (this would mean that gamma_g would nedecrease) but to a very small value (eg a
few hours). Please change relevant text accordiagly also in Table 7.

Concerning rain effect and N leaching, unfortunatete do not have enough data with
compensation point type measurements to be abdsdess the effect of rainfall. We agree
that the amount of N leaching depends on the ifagtiltype and too much uncertainty lies
behind removing the N applied after a rainfall. \Werefore remove this condition and
suggest applying equation 20 with care in the atissefhadditional data.

25. Equation 20: what does hm mean with a valug0600 m?

hn, is @ unit conversion parameter to change fromanedb meter. This was added to the text.

26. p10364, I5: add 'at field capacity’ after 'wateontent’



Phrase was added as suggested
Technical corrections

Abstract, p10336, 110 : change ‘solubility’ to ‘disciation’

Abstract, p10336, 116 : delete ‘set’

p 10344, 110: suggest replace ‘developed worldhwiurope and N. America’
p10346, I7: replace ‘implied’ with ‘thought’ or ‘bieved’

pl10347, 113: '...ground layer emissioN potentialS’

p10350, I121: change 'Measurement results...’ to dslegrements...’

p10352, 122: change 'are’ to 'is’ p10354, 124: chgan’responds’ to 'respond’
p10359, 118: add a comma after 'permitted’ p103@6, Suggest add 'ground’ to
...for the ground boundary layer resistance...’

pl0363, I13: 'shortening’ -> 'shortage’ or'scarcity’

pl10363, 118 ‘fertilisers’ -> 'fertiliser’

p10363, 122: following’ -> follow’

p10364, I1: delete ‘fertiliser’ after 'gamma_g(max)

p10365, 116: 'wetability’ does not appear to be English word (neither in Cambridge nor
Oxford dictionaries)

p10366, I12: change 'a’ to 'the’; delete 'type’ beéo'model’

p10368, 123: the what? funded by the EC NEUIP

All technical corrections were accounted for.

Referee#2 (L: Zhanq)

The main purpose of the present study is to propogeneralized two-layer ammonia bi-
directional exchange model for applications in ciehtransport models. To meet this goal,
a detailed review of compensation points and patansations for the cuticle resistance
(and other resistance components) were first cotedlid-ormulas and input parameters for
the various components of the two-layer model wega proposed.

The paper is generally well written and easy tdofel The materials presented here are
useful towards improving the representation of ibectional exchange of atmospheric
ammonia in chemical transport models, but the angtlim not address the practical problems
concerning the incorporation in such models as dhailability of data. | also have a few
scientific concerns that worth to be considered.

We agree with the reviewer that practical issuesewmt discussed in this manuscript. We
feel that this falls outside the scope of the aurpaper since the aim was to review existing
data and propose a generalised parameterisatibicahdtheoretically” be incorporated in a
CTM. Although the parameterisation was conceivddnta into account “practical issues”
such as the availability of certain data (fertiisa dates, doses etc.) they were also
mentioned in the limitations part of the discussam the parameterisation. The next step
would be incorporating this parameterisation in BMCand thus discussing availability of
data on a more detailed and model/region specasisb

Major concerns:

1. Currently only dry deposition of atmospheric aonm is considered in the majority of
chemical transport models. In order to change tle@asition process into a bidirectional



process, a two-layer model is proposed in thisstlithe key addition of the two-layer model
compared to traditional dry deposition models isaltow bi-directional exchange through

leaf stomata and soil. In many cases, the emisBmn the soil could be higher than the
emission from the stomata. The present study daysphe role of soil emission (and uptake)
since nothing on Xg is mentioned in the abstrabe @uthors have chosen to ignore Xg, in
some cases, based on the assumption that the emissm the soil can be either fully or

partially captured by the above canopies.

Note that the recapturing process is actually buntb the equations for Xc, X(z0), and Ft.
Thus, theoretically, Xg needs to be included inrtiaglel (if soil emission is not negligible)

even if soil emissions are recaptured at the ablayers.

The lack of data is the primary reason whyis ignored in managed ecosystems outside
fertilisation events and in unmanaged ecosystemsth®r reason for this is that most of the
compensation point measurements for this type aystems are measurements which do not
differentiate clearly betweeis and 'y and therefore reflect in some of the cases a
measurement df.. We therefore propose setting ® infinity in some cases to transform the
two-layer model into a big leaf model thus limitittge uncertainty both related to the quality
of the measurements and the lack of data. Therdfier&leposition and or emission to/from
the soil is not null but just integrated in thealdlux to the surface. This might not be very
clear in the manuscript text as it was also poinbetl by referee #3. We added those
arguments was to the text.

2. In-canopy resistance to the ground (Rg): In\a fdaces, it is stated that Rg can be set to
infinity in order to limit soil emission (if soiln@ssion is not important). However, if soll
emission is not important, then deposition to thiean become important.

Setting Rg to infinity will not only be assumingttithere is no emission but it will also be
assuming that there is no deposition to the soifase. This assumption is certainly not
acceptable considering that ammonia can deposantpsurface quite rapidly.

Please refer to comment 1 above.

3. The purpose of an emission/deposition model thab be implemented in chemical
transport models is to produce reasonable flux erges above the canopies. Existing dry
deposition models have tried to quantify deposititirough different paths. The
parameterisations for the different resistance congmts developed in these models have
been evaluated with measured total fluxes (e.g/tim@ fluxes to stomata, cuticle, and soill
surfaces, and night time fluxes to cuticle and sailfaces). It is quite possible that these
parameterisations might underestimate fluxes along path but these estimated fluxes can
then be compensated for by another path. The peaposodel picks up parameterisations
from different sources for different resistance poments. How can we know that the
combined resistance parameterisations (the wholéatavill perform reasonably, especially
over so many different vegetation types? The magla whole is not evaluated using plant-
scale data (despite the fact that the authors lelarge data set), nor is it compared with the
general overview of the data from the literature.

Most of the parameterisations of resistance compusng, R, Rs and R) proposed in this
paper are taken from Nemitz et al. (2001) in whilsb parameterised model is compared
against crop (oilseed rape) Mldmissions. Models using similar parameterisati@nenwalso
successfully applied to grasslands (Flechard et2@09) and to forests (Neirynck and



Ceulemans, 2008). This resistance parameterisaiafso similar to the resistance scheme
used in the EMEP model (excluding cuticule resiggnc

Concerning the model as a whole we do not evaltaigainst the existing data set since it is
this dataset that is used to derive the paramatens It is however considered that the model
be integrated in the EMEP modelling scheme in theuré and the simulated NH
concentrations be compared to the EMEP measureorietwa separate study.

4. The main goal of the present study is to propaseéi-directional flux model for
applications in chemical transport models. A la@ount of information that is needed as
input for the proposed two-layer model will notdeailable in chemical transport models at
the model grid scale (although it might be avaitalalt the plant scale). For example, few
chemical transport models have information on fiedtion periods, which is key for the Xs
and Xg formulations in the proposed model heret{@®d.5). Note that it is more important
for chemical transport models to produce long-teaverage fluxes (e.g., N budget on
seasonal and annual scales) and over large areag, (eegional scales) than on daily bases.
Should the model use more common input informat@mthat the modelling community can
benefit from this work?

This is certainly a major barrier in implementitgstparameterisation in CTMs. Even though
few transport models include such information, ould be added to the models as input
spatialised data. Some datasets are availablenati@nal basis and are derived from census
data (e.g. UK, Denmark). Data on a 1 x 1 Km gridebare also available based on a spatial
dis-aggregation of estimated application ratehatregional level from the CAPRI regional
data base for example for Europe (Leip et al. 200Bg major added value of the proposed
model is the mechanistic linkage between Fhand N deposition but also to agricultural
practices (which are one of the main drivers of;Nhissions). This parameterisation allows
ecosystems to dynamically respond to changes isseoms and deposition patterns.

5. Section 2 reviews the modelling approaches (pathmeterisations for the different
resistance components) and then Section 3 reviea/sesistance components again. | feel
that these two sections could be better organized.

Sections 2 and 3 were re-organized as suggested.

6. A large portion of this paper focuses on cutigsistance parameterization (Rw). The
factors included in the proposed parameterizatiom @rtainly very important.

One important factor that is not mentioned herdriigtion velocity (or turbulence intensity)
which can sometimes play a dominate role on Rvedasbe see from a multi-layer model of
Baldocchi, 1988 and a big-leaf model of Zhang et2003).

The reason why we do not propose a parameterisafid®), as a function of U* is that it
impacts R, indirectly via its presence in the parameterisatid R, and thus changing the
surface concentration of the concerned gas.

7. What are the advantages and disadvantages ®htbdel compared to a few other similar
practices that have been done recently, e.g., Catal. (2010); Zhang et al. (2010)? Or at
the very least, what are some discussions on fferelices among these studies?

The major added value of the proposed model isndehanistic linkage between theand N
deposition but also to agricultural practices (Wwh@&re one of the main drivers of NH



emissions). This parameterisation allows ecosystengynamically respond to changes in
emissions and deposition patterns which is notcdse in the parameterisation proposed by
Zhang et al. (2010). However, as outlined abovmaan drawback of this parameterisation
approach is the availability of appropriate inputad especially concerning agricultural
practices both on a spatial and temporal scales discussion was added to section 5.

8. Conclusion: How big of an impact will be expédem the new proposed model on the air
quality model output?

It is difficult to quantify at this stage the impaitom including a bi-directional exchange
module for ammonia on air quality model outputsve®al studies conducted at smaller scales
and evaluating the impact of including or not kediional exchange schemes in transport
models show that there is a reduction of up to H0%redicting NH deposition 250 meters
from a point source between versions of the mdul have a compensation point value of 0
and 30 pg m. (Loubet et al. 2009 In Atmospheric ammonia: dég emission changes and
environmental impacts. Results of an expert worgstoder the convention on long-range
transboundary air pollution).

Minor concerns:

1. Is it necessary to discuss Ra and Rb in detailoth Sections 2 and 4? These formulas are
not new and the differences between the diffecentulas are not large.

The discussion onfand R was merged and is now in section 4.

2. In a previous paper of Nemitz et al.(2000b)fedént modelling approaches (single and
two-layer models) have been discussed in detaiFigsire la still needed here since the
paper deals with the two-layer model?

The paper deals with one layer or two layer modglethding on the case. For un-managed
ecosystems and managed ecosystems outside fédiigsvents we recommend setting tR
infinity thus transforming the two-layer model iradl layer model.

3. From the definition of Rb (also mentioned irstpaper), it should be a resistance at the
thin layer above the canopy. Would it make morsad@nRb is in the path above Fs, Fw, and
Fg? This way, the formula for Xc can be substalytisimplified (see Zhang et al., 2010).

If R, was above & Fy and F this would imply that Ralso applies for bare soil which is not
the case. We therefore prefer to kegh&ween Fand F,.

4. Tables 5 and 7 provide input parameters foreddht ecosystems. Do you really think that
the information required (e.g., the first column Table 7) is available at grid scale in
common air-quality models?

Information concerning land use and partitioningtween managed and unmanaged
ecosystems should be available, However fertiiisput data on a grid scale is not available
in common air-quality models. Input maps shouldgbepared and added as input parameters
to the model. Some of the data can be collecteah fnational census in certain countries.
Please refer to ‘reply major comment #4’ above.



5. The paper cited Zhang, Wright, Asman (2010)imagpreparation’. This manuscript was
first submitted to JGR in November 2009 and, asiestgd, a copy of the submitted version
was then sent to the authors of the present pdpk.not think it is appropriate to cite it as
‘in preparation’.

Citing was corrected.

Anonymousreferee# 3

This manuscript presents a general parameterizabiothe two-layer bi-directional NH3 air-
surface exchange model. This is a well written paipat will make a significant contribution
to the literature and, | expect, will find wide use the ecological and air quality
communities. Given the subject matter, potentiglaich, and generally high quality of the
results, ACP is an appropriate outlet for this woilkhe authors should be commended for
taking on the task of synthesizing the available8NMx data for the purpose of constructing
generally applicable parameterizations for soil areetation emission potentials, as well as
the cuticular resistance to NH3 deposition. The grafgpresents a major first step toward
this goal. That being said, the weakness of thepaphich the authors acknowledge, is that
for some elements there are not enough data yetiladl@ to develop robust
parameterizations, leading to large uncertainties.

In other cases multiple techniques have been usedoliect data, which exhibit some
systematic differences, further complicating dataipretation and parameterization.

Overall the authors have done a responsible jobpoésenting the weaknesses and
uncertainties of the data and in comparing the hasg parameterizations to field data.
However, there are some areas, as described beltv@re more description and detail are
needed. Though some additional work is requiredelleve the authors can address these
comments. Subject to thorough treatment of thesenamts, | would recommend publication.

General comments:

1. Construction of generally applicable relationstibetweers and system total N input is a
significant advancement for NH3 modeling. The arghtave done a good job assembling
and interpreting data from the numerous studiegesented in Figure 5. In general | think
the resulting parameterizations represent a uséfst step and | anticipate they will be
widely used. That being said, | do have a few amscabout the methods by which the
original data were adjusted for comparison andgeneral, the comparability of some of the
data. First, the metric on which thes parameterization is based is total annual N injbar
field studies describing semi-natural systems thatue is either given as atmospheric
deposition measured at the site or can be derivedh fair quality models. For arable
systems, however, | expect that in some casesuttiesied results only include application
rates for the specific growing season under ingesibn, rather than annual fertilizer input
for the site. Have the authors accounted for thisaummarizing the field measurements in
figure 5?

No this was not accounted for in crops, some alju@al grasslands have annual fertilisation
rates others not. The fertilisation rates accoufaedh agricultural crops are the applications
for the growing season. This is for 2 reasonsit(iy very difficult to know the yearly N
fertilisation for the data collected from the la&ure; (i) it can be argued that managed
ecosystems are seasonal or annual crops unlikenrpale for semi-natural and forest
ecosystems and thus are more affected by the sdaNomput rather than the annual N
fertilisation. It can also be argued that the Nilisation on the previous crop was presumably



used by that crop and exported out of the fieldruparvest (applies more to crops than
grasslands).

2. Also, it looks as though not all of the datanfrdables 2 and 3 are included in Figure 5. |
may have overlooked something in the text, butatithors should explain the criteria for
including data in Figure 5 and discuss how this rafgct the resulting parameterizations for
/s.

This is a major mis-understanding in the paper #teduld be clarified as referee #1 also
points to this. All the data points in tables 2 &were included in figure 5. Some of the data
points where the fertilisation rate or the N deposicould not be calculated or derived were
not reported on the figure (refer to referee #Icgwecomment #16).

3. It is unclear to me whether the parameterizaiogsulting from Figure 5 (equations 7 and
8) exclude data from laboratory experiments. Fysth either case, | am not comfortable
with the term Ndep being used to describe fertiliapplication rates in laboratory
experiments. This term should only be appliedudiss carried out in the open atmosphere.
Secondly, the laboratory experiments (green symloolBigure 5 a and ¢ show very little or
no correlation betweerds and total N input. Why is this? | agree with #ngthors it is
unlikely that this results primarily from uncert@&nin estimating N input. However, a more
detailed discussion of other potential reasonsasranted.

The original parameterisation only excludes 4 gatiats which are for Hill et al. (2001) and
Mattsson and Schjoerring (2002). Those points spoed to semi-natural vegetation that was
moved to the laboratory and to which excess N wgglied daily mimicking high N
deposition rates. We consider that it correspoondsnirealistic events and that semi-natural
vegetation experiencing high N deposition naturalbuld have time to adjust accordingly (if
not in the lab). Based on the suggestions of reféfeall laboratory based studies concerning
semi-natural ecosystems were not included in thvateon of the parameterisation (but are
still shown in figure 5) for the reviewed versioh the manuscript (refer to referee #1
comment #13). This clarification was added to tranuscript.

We agree about the confusion created by usingetine Ny, for fertilizer application and we
replaced it by N input.

Concerning the laboratory experiments in figure &ga c). Those were excluded from the
parameterisation (see above) but probable reasonthé lack of correlation could be the
following:

- These data points are in the majority semi-natuegetation that were transposed to the
laboratory and watered with high N solution forleod time interval (Hill et al. 2001 and
Mattsson and Schjoerring 2002). One can think ith#te case of semi-natural vegetation an
adaptation time is required for the high N inpubtoreflected if's.

- These data points are for a range of differeahfpspecies and as shown by Mattsson et al.
(2009), there is an important interspecies vatighi .

- On top of the uncertainty in the estimation o tiotal N input to the experimental setup
there is an uncertainty in the measuremerftadspecially that this was done with different
methods (cuvette vs. apoplast extraction).

These arguments were included in more detailsdridkt.

4. Understandably, the text is weighted toward texelopment and discussion of the
parameterizations fors. In my opinion, the treatment 6§ would benefit from more detalil.



A more complete description and summary of avalalata, similar to what is done fdis,
would add context to the description in section@®3-urthermore, as | discuss below, the
rationale for setting Rg =0, and therefore ignoringg, for unmanaged systems and managed
systems with overlying canopy requires a more ptidgustification.

We agree that the section concerniigvas a little underdeveloped this is mainly du¢h®
lack of data. We however added some detail to #seription of data and included a Table
(Table 4) summarising all data available. Justifowafor setting B to infinity in some cases
was added to the text. Please refer to commenelbivb

Specific comments:
1. 10336, line 6: remove “here”
Word was removed.

2. 10347, line 2: *has sometimes provided smalledugs than the gas exchange
measurements”. This statement stops well short esfcribing the seemingly systematic
difference between the approaches for measuringsbmating gamma. A stronger statement
or further description is needed

This sentence was replaced by “Systemic differebeéseen apoplast extraction and the gas
exchange techniques were reported (Hill et al. 1200assad et al. 2009), these are attributed
to errors in both methods and should be furtheestigated.”

3. 10350, line 2: The authors tend to downplaydisagreement between the 3 techniques for
semi-natural systems. The authors should more tirecknowledge the disagreement and
provide a brief discussion of the possible reasons.

The comment in this paragraph refers to the compilata in this study where we did not
detect any difference between the techniques. Anoemh on the systemic difference between
the methods was added in a previous section (2.5).

4. 10350, line 26: “By contrast, cutting seems.to.” Only point (iii) is relevant ta’s.

We agree that the three points are more relevaii; tthan tol's and this was replaced
accordingly in the text.

5. 10350, line 17: “Field fertilizer application seilts in. . . .. ". As a statement regarding NH3
emissions this sentence seems out of place. Agithers referring to the peak ifs?

This refers to a peak ihs but also iny which most of the time results in a peak in NH
emissions (fluxes) s is particularly relevant to this paragraph anddfae the sentence was
corrected accordingly.

6. 10362, line 3: Would canopy height be provided anodel calculation?
Canopy height is not a model calculation in the-tayer ammonia exchange module but is

an input variable which can either be provided frioput tables or from a coupled model in
case the ammonia module is incorporated in a memergl CTM.



7.10362: The rationale for setting Rges and therefore ignoringg for unmanaged systems
and managed systems with overlying canopy requaremore in depth justification. In
managed systems, while the overlying canopy magptee most of the emissions, the
emissions themselves may be large, and therefgrafisant with respect to the net-canopy
scale emissions. In unmanaged systems, particufargsts, the emissions will indeed be
much smaller but again may be important in termséafanopy NH3 cycling, and therefore
play a role in the net canopy exchange. | do reatizere is a lack of data from which to
soundly parameterize these components of the rbotlehy feeling is thafg for unmanaged
systems and managed systems with overlying cahopydsnot be ignored.

As the reviewer states, the lack of data is then@ry reason why 4 is ignored in managed
ecosystems outside fertilisation events and in uragad ecosystems. Another reason for this
is that most of the compensation point measuremiemtghese types of ecosystems are
measurements which do not differentiate betwegandl'y and therefore reflect in some of
the cases a measurement g@f Therefore proposing a big leaf model for thosgesamight be

a way to limit the uncertainty both related to thality of the measurements and the lack of
data. This argument was added to the text.

8. 10363, line 3: the phrase “shortening of datadyrbe unclear to some readers.
Shortening of data was replaced by “shortage”

9. 10364, line 20: | do not agree with the statetrtbat most of the N fertilizer is lost to
leaching after the first rainfall, particularly NH4 In fact, in some cases a second large
emission pulse is observed following the first rauent after fertilization, as rainfall directly
stimulates chemical transformation of the fertiliznd mobilization into the soil thereby
stimulating microbial processing. The authors skloatknowledge that equation 20 will not
capture such dynamics. As mentioned above in mgrglecomment, the section on the
temporal dynamics ofg after fertilization requires more detail and wdubenefit from the
presentation of graphics demonstrating the agreeémdretween the proposed
parameterizations fofg and field data.

We agree with referee #3 that equation 20 will capture the complex dynamics in BH
emissions from the soil layer. A major variableatount for is the type of fertilizer applied
(NO3, NH4, organic, ...). We have practically no datewing a second peak iy after a
rain event. A more developed discussion [gnin general and on the limitations and
validation of Equation 20 was added (please refeeviewer #1 comment 24).

10. Figures and Tables:
NHS3 units in Table 1 should be ug/m3
Caption for Table 2 should be consistent with the tegarding Rw and Rw(corr)

Caption and unit were corrected accordingly.



