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Abstract

Agriculture is one of the key economic sectors mgehtina and, in the last decades, the increaggdas and
competitiveness of some grains has imposed impodaanges. In this process, crop cultivation ocedpi
significant extensions of land areas previouslyickdd to livestock farming, which in turn have expnced
intensification in terms of production through acreasing share of feedlot systems. The agricuiecor is
the main NH emitter in Argentina, however no inventory develdpocally has been thus far available. We
estimated the time series 2000-2012 of;Mirhissions, both at national and spatially disagmped levels.
National NH emissions in 2012 amounted to 0.31+0.08 Tg, withuse of mineral fertilizers accounting for
43.0%, manure in pasture 32.5%, manure managenddfeZand agricultural waste burning 1.5%. Urea use
was the major source of NHemissions and its application on wheat and coopsidominated the trend.
Emissions from open biomass burning were estimatgchot included in the national totals becauséhef
difficulties in differentiating between agricultlirf.e., prescribed burning of savannas) and naicalgural
emission sources. Compared to this work,;Nhissions reported by EDGAR were 83% higher than o
estimates. The time series of spatially distributéds emission estimates clearly showed the effect ef th
expansion of cropland, the displacement of plardeehs of N-fertilizes crops by competing soybean
cultivation and the relocation and intensificatiinbeef cattle production. This new inventory cdagts a

tool for policies concerning the impact of agricwdtl activities on air quality and contributes wittore
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accurate and updated information useful for atmegphchemical transport modeling. The accuracy and
applicability of the inventory may be improved logél studies aimed at refining the spatial disaggfien by
focusing in specific areas of fertilizer applicatjaeflecting seasonal and monthly patterns incagriral
practices and climate conditions and addressiraylikhanges in diets, productivity and excretioiesaover

time.
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1. Introduction

The growing concern about the global presence ohame (NH) in the atmosphere has led to introducing
policies to reduce its emissions and proposingjadlity standards in certain developed countriesgRt al.,
2012). European countries regularly reportsNdhission estimates and have committed to achiatienal
emission ceilings according to a stipulated patBAE2017; NEC Directive, 2016). In the United Statleere
are some emissions reporting requirements (CERQO46; EPCRA, 2016) and the U.S. Environment
Protection Agency has recently petitioned to inelidH; in the air quality standards (AAQTF, 2014). For
developing countries, an increasing number of sgidh NH emissions have been published in the last five
years, particularly in China (Qiu et al., 2014; »u al., 2015; Yang et al., 2016; Zhou et al., 2015)
Nevertheless, for South America, the only informatavailable on NEemissions is that reported in global
databases (ECCAD, 2016). A recent study on sheetlliclimate pollutants in Latin America and the
Caribbean, of which only the summary for decisioakers is thus far available, estimated emissions of

ammonia using the GAINS model and local informatioliected at country level (UNEP and CCAC, 2016).

Although ammonia is a short-lived species, it is thost abundant basic gas in the atmosphere thgg pl
key role in secondary aerosols formation, as ittseavith sulfuric acid and nitric acid to form amniiom
sulfate and ammonium nitrate aerosols (Luo et28l15). These aerosols are constituents of finecpéate
matter, which increases the morbidity and mortala@yels of the population (Franck et al., 2011)d an
modifies the cloud condensation nuclei number thanging the atmosphere radiative properties anthts
(Forster et al., 2007). Agriculture activities, tarlarly livestock production and fertilizer apgition,
constitute the main emission sources ofsNBeusen et al., 2008). Taking into account thajeftina and
Brazil belong to the top six agricultural exportefghe world (European Commission, 2013), thenesstion

of NHz emissions and their fate in the atmosphere ivaetefor South America since it has been estimated
that both countries contribute with about 7% of iid; emissions worldwide (EDGAR, 2011). To the best of
our knowledge this is the first study which estiesaspatially disaggregated Bleimissions from agricultural
activities in the entire territory of Argentina nogi activity data reported with high resolution ycal

information sources. It is worth noticing that goeis work on NH emissions from agricultural sources in the
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region are experimental studies focused on emidsictors relative to the use of nitrogen (N) féezéts and

the corresponding N4olatilization from soils (de Morais et al., 20M3artins et al., 2015).

Argentina has a continental surface of 2,780,400 distributed in 24 provinces subdivided into a ltofeb12
districts. In agro-economic terms, the territoryugially divided into five regions with similar ilatic and
environmental conditions (see Figure 1): Northgb), Northwest (NW), Semiarid (SA), Patagonia jPat
and the Pampa Region, which due to its productbraptexity can be divided into four sub-regions (Rea
2007): North (P-N); Southeast (P-SE), SouthwesB\{¥-and West (P-W). Until the mid-twentieth century
agricultural activities had concentrated in thetilerplains of the Pampa Region where the climate i
temperate and humid with no dry season. Since a§60ulture had expanded to less fertile zones agdhe
NE and NW regions favored in part by a remarkahéedase in precipitation over most subtropical At
(Barros et al., 2014). In conjunction with climapéanted cropland area has expanded under thesndéuof
global and local economic conditions that favoree production of crops over livestock (Grau et 2005)
and technological changes such as the introductiarew soybean genotypes which favored cultivatbn
this crop in lands previously dedicated to othepsr(Viglizzo et al., 2011a). During this procas®re than
15 million hectares historically devoted to livedtdarming have been switched to crop cultivatiRedrte
and Pordomingo, 2014, Viglizzo et al., 2011b). SEybin particular has gained great importance Isecati
its steady growth and the clear evolution towatsipiedominance over the rest of the crops, a psdoeally

known as “soyzation” of the territory, which stattey the end of 1990 and continued growing sine@.th

Unlike the exponential growth in the production adsh crops, the production of beef cattle, the main
livestock in the country, has experienced fluctwagiin its stock without a clear trend. Beef cafiéliaming,
which was traditionally based on pastoral produrctystems, has evolved over last decades towgrds (
geographical relocation of the cattle in lower-perfance agricultural areas, amd &an intensification of beef
cattle activity, through feeding modifications atigt increased implementation of feedlot systemsi¢ee
2010; Rearte and Pordomingo, 2014). Dairy catibekshas also decreased while other livestock cfeles

importance in the country, such as poultry or swivaes gained importance (SENASA, 2017).

The changes in climate, economic conditions and-sgghnology mentioned before are expected toenite

the magnitude and the distribution of Nemissions in the country. More specifically, wepbthesized that

4
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the expansion of soybean, which have influenced,bibte planted areas of the traditional crops ef th
country, such as wheat, corn and sunflower andiyimamics of livestock farming, has played a ke riol
the spatial and temporal pattern of Néissions. To contribute with update informatiamed at addressing
these issues we developed an inventory ot Bidissions from Argentina’s agricultural sector floe 2000—
2012 period at national and district levels. Thenas&ript is organized as follows: section 2 diseasthe
methodology and data used to estimate the emisgiesslts are presented and discussed in sectianil8

concluding remarks are presented in section 4.

0 750 1,500 km

Figure 1: Agro-economic regions (large shaded daad districts (delimited by thin lines) of Argard.

2. Methods and data

The general methodology applied, based on the EaropMonitoring and Evaluation Program (EMEP)
approach (EMEP, 2013; Hutchings et al., 2013). dimission factors used are those suggested by thHePEM

according to the level of detail adopted, whichresponds to Tier 2 in almost all cases.
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The Third National Communication (TNC) of Argentita the United Nations Convention on Climate
Change (UNFCCC) constitutes the main basis forABe Additional data from other information sources
were necessary)(to complete gaps in the time series 2000-200)2o estimate emissions from poultry and

swine manure, andii() for the spatial disaggregation by districts foe £ntire time series.

A description of the methodology is presented ictisas 2.1-2.3. In addition, a summary of the datarces
and the level of detail used for the estimatiorthe inventory (Table A.1), together with the adyivilata

corresponding to each source (Table A.2), are ptedeas Supporting Material.

2.1. Animal husbandry and manure management

Simple and complex forms of N are present in aniwadte derived from N-rich protein in feed that has
been completely converted into animal products. dinenonium ions (NE—N) are the main Nisource and
the fraction of the N-compounds that decomposeiliead these ions is denominated total ammoniacal-N
(TAN). The emission sources of NHrising from animal excreta atg manure deposited in buildings, in
yards and during animal grazin@) manure storage an@i) land application of manure, where the term
‘manure’ includes both dung and urine. We used ttbe 2 technology-specific approach of the unified
methodology reported by EMEP (2013) for estimatiids emissions from all types of livestock. This tier 2
approach is composed of 15 steps based on a massdyawhich considers the pathways for emissioN-of
compounds, by which emissions from manure managesystems Eyvs) and excreta deposited on pasture

(Egrazing are estimated (Eq. (1)).

(1) Eivestock = Emms + Egrazing = (EMMS_yard + EMMS_building) + Egrazing

In general, emissions from MMS occurred from mamaemaged in buildings housing livesto@&fs_puilding
and outdoor yard areaByus_yard. These two components Bf;us have three main contributors arising from
(Eq. (2)): NH—N losses from the livestock building and yar®,s{), storage Esiragd and land spreading of

manure Eappic)-
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(2) EMMS_i = Elosses_i + Estorage_i + Eapplic_i ’ With i=bui|ding, yard

Equations 1 and 2 summarize the main aspects dfStstep tier 2 approach, for further details taader is

referred to EMEP (2013).

2.1.1Livestock classes

To estimateE;esiock livestock was organized in classes exhibitingilsintharacteristics in regard to feeding,
excretion and weight. In this study, six classesewsonsidered namely, beef cattle breeding, bettleca
fattening, dairy cattle, poultry, swine and othgestock. They were divided into subclasses agvid! beef
cattle breeding (8 subclasses); beef cattle faitehbl), dairy cattle (2), poultry (2), swine (2)daother

livestock (6), amounting to 71 subclasses, whiehsammarized below.

Beef cattle breeding, which includes cows for rejpistion and male and female calves from birth tanueg,
was disaggregated into eight sub-classes accotditige different diets in the main agro-economiioes of

the country (Vazquez Amabile et al., 2015).

Beef cattle fattening, which includes animals uthtdy reach feat weight, was subdivided into 5k-dabses.
Fattening is carried out through three modaliti€d: sending animals to pastures without nutrition
supplements,ii) sending animals to pastures with nutrition supets, andiif) in feedlot systems, which
imply intensive fattening through the incorporatiminproducts formulated in the diets (rich in ngem) and
reduced animal mobility through confinement in etsr Sub-classes were defined regarding fattening

modality, diet and fraction of manure that is mathdf any (Vazquez Amabile et al., 2015).

Dairy cattle were disaggregated into two sub-clesge dairy cows andii) other dairy cattle composed of
animals for womb reposition and reproducers. Ppuitas composed of two sub-classes: laying hens and
broilers. Swine was also organized in two sub-éas$) sows and piglets, andi)(rest of pig livestock.
Within other livestock the following sub-classes@deen included: sheep, buffalos, goats, camdiimises

and asses/mules.
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2.1.2Main variables

The calculation of emissions from animal excreta tfte time series 2000-2012 involved the following

variables:

Annual average populatioMAP) or the average number of animals of a particaldr-class in a
specific yearAAPIs a 71x13 matrix with rows for animal sub-clasaad columns for years. Values
were taken from the information compiled by Vazquemabile et al (2015). AAAPe Z'*3
contained gaps for certain sub-classes and yeardilled out this matrix using different strategies
that are discussed below.

Total annual excretion of NNE ER”). The values iMNg reflect the different diets and excretion rates
for the different animal sub-classes; while as amg single value was adopted for each sub-class fo
the entire time period 2000-2012, it does not cefi, sub-class temporal variability. However, there
is a temporal variability in the averag®, of each class composed of more than one sub-class,
through the variation of thAAP in each one. Country-specifid., rates for beef cattle were adopted
from Vazquez Amabile et al (2015) while those foe other 12 sub-classes were calculated using
excreted nitrogen rates reported by IPCC (2006 rtakto account animal weights representative of
local conditions. The adoption of single valuegéth subclass for the mentioned parameters over the
time series implies that no changes in diets, ptidity and excretion rates were taken into account
Future studies may attempt to understand the patenfluence of these likely changes on NH
emissions over time.

The period of the year that the animals spent itdiongs (Xouiging), ON yards Xjaq) and/or during
grazing Kqazing, these three periods always total 1.0. For alnats in beef cattle breeding, other
dairy cattle and other livestocky.-ing=1.0, indicative that these animals spent the eygar on land
(Xouilsing=Xyare=0.0). Beef cattle fattening in Argentina is farmeither on pasture or feedlots, which
normally have soil floor with excreta accumulatiog the ground. Manure from feedlot was hence
assumed as deposited on yands4£1.0). For dairy COWStgrazing=0.92 anXyiing=0.08; these values

were estimated considering that these cows spenchdaths in production (lactating cows) and two
8
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months resting (dry cows). Lactating cows spenche@rs a day in milk rooms and the remaining
time in the field together with dry cows; their estions are deposited on land. Poultry is handbed i
farms, therefor&iging= 1.0. FOr SWin€Xuuiiging=0.55 anXya,ing=0.45 for the entire time series. The
estimation of these values for swine and thosédef cattle fattening are discussed later.

» The proportion of the N excreted as TANMA). One value for dairy cattle and one value for-non
dairy cattle were selected for all sub-classesHerentire time series. For the other animals,vahae
was selected for each sub-class for the entire $gnies. All values were adopted from EMEP (2013).

» The proportion of livestock manure deposited indings and handled as slurry or soligy, Xsoiid),
Xsoli=(1Xsiurry). It goes without saying that this parameter ievent for those sub-classes with
Xouilaing>0.0. For dairy cows and swiney,=1.0, as their excretions are treated as liquidsiaerobic
lagoons. For poultrysqii=1.0, consistent with management practices.

* The amount of manure stored before spreadkqge (siury Xstore soid @NdXstore rym Where FYM means
litter-based farmyard manure). In this study wesidered that manure has been always stored before
being appliedxsore =1.0.

* NH; emission factors (EFS)EFgazing EFyards EFbuid_soia @Nd EFuiig_siuryy  EFappiic_solisrrym and
EFappiic_sturry FOr stored manuréEEsiore_soliaieym EFstore_siury N @ddition to NH, other N-species (),

N, and NO) were considered. The EFs correspondingatth sub-class were taken from EMEP
(2013).
» Addition of N in bedding for the animals¥cqqing. Broilers are the only animals farmed with befls o

wheat or rice mulch, with approximately 3.5 ké/P.year of bed material aggregated (Chiappe, 2010).

2.1.3Time series consistency

As was indicated in section 2.1.2, the mafikP contains gaps for different sub-classes and yeais this
has consequences on the time series completentss reimaining variables. In the TNC an outstaneingk
has been done on data collection and unificatiotheflivestock farming systems on the estimatiotexf
cattle emissions, particularly for the period 2020@%2. However, for the previous years and for gmaining
livestock classes, time series show significanbiststencies. The following discussion focuses loa t

9
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selection of key variables to consistently complétse series and on the inclusion of other anofealses

relevant for NH emissions.

Beef cattle, fattening

Information on beef cattle fattening class for pegiod 2010—2012 has been reported by Vazquez Aenabi
al. (2015) based on 51 sub-classes distributeldereight agro-economic regions of Argentina. Fahesub-
class, denominated fattening system in the origiefdrence, the data includ@ qumber of animalsAAP),

(ii) type of manure disposal D), (iii) fraction of manure that is managedNIMS (if any) and () N
associated with the diets. For each sub-clasgtloé AAP with respect to the total number of animals in the
class showed variability for 2010, 2011 and 201#enhe other three characteristi@dD, %MMSandNe,)
remained constant. Values ARP for the 51 subclasses for the period 2000-200@ wstimated in this study
by extrapolating the information from the period1262012, focusing on the intensification of feedlot
farming occurred since 2000, and on the geographmelacation undergone by the beef cattle activity

throughout the period.

In Argentina, while manure from feedlot is alwaysmaged, the excreta from cattle fattening on land i
handled in a variety of ways, ranging from totaligmanaged (grazing) to totally managed. Howeves, th
emissions from excreta disposed on pasture, whetheaged (reported under MMS) or not (reported unde
grazing), were estimated using the same methodplégy this reason, feedlot animals have been
differentiated from the rest. Data sources of nundfeanimals in feedlot at country level includg dgfficial
statistics on average annual stock for the peria@722012 (SENASA, 2017) and i) (compilation of the
livestock outputs from feedlots for 2001, 2007 &@D9 (Lence, 2010). The methodology applied for
completing the time series is detailed in the Suipg Material (section A.l.), together with thesteiption of

the distribution of fattening stock (51x13 matriif)e Ne,, the type of manure disposal and manure fraction

that is managed, corresponding to each sub-claagimyeconomic regions and by year (Table A.3).

10
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Beef cattle, breeding

The number of animals in breeding activigAPeeq 8X13 matrix) was determined from the difference
between the total number of beef cattle and therfatg stock of each agro-economic region and kar.ye
RegardingN., we adopted country specific data reported forheagro-economic region for 2010-2012
(Vazquez Amabile et al., 2015) for the entire tipexiod 2000-2012. In rigor, although diet variatidor
beef cattle have occurred there is no accurate tdataflect this situation. However, tHeAB,eeq matrix
describes the geographical relocation of the amirnaturred throughout the period. Given the faat the
diet and the resultant N excretion vary from regiomegion, values foN., were assigned accordingly and in
conseqguence the time series of annual country-lIBlglexhibited a temporal variability related to the

relocation of cattle, as happened with the beefeckttitening class.

Other dairy cattle

Other dairy cattle are composed of animals for woreposition and reproducers. The time series
corresponding to these animals’ stock was perforustag the values reported by in Vazquez Amabilal et
(2015) for the period 2010-2012, those reportedhim 2002 national agricultural census (CNA), and
considering a linear behavior to complete the mggears. The average weights of the animals o$éleéor,

necessaries for the,, determination, were estimated keeping the stooggition corresponding to 2010.

Poultry

The AAP data for the entire period 2000-2012 is only aad for the entire class. Figures for the two pgul
sub-classes (broilers and laying hens) were olddiyenterpolation of the values reported by Fingg914)

for 2000 (60/40 broilers/hens) and those for 2000-2X68/32broilers/hens) reported in the TNC.

11
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Swine

The disaggregation of swine sub-classes (sows mtetg rest of pig livestock) was made using swvtintal
stock data (SAGyP, 2016; SENASA, 2017) and considethat the swine stock composition registered for

2002 (INDEC, 2002) has not varied significantlyidgrthe period analyzed.

There are three modes of swine farming in Argent{éi intensive with all animals in confinement2)
extensivewith all animals in the field; an@) mixed sows and piglets in the field, and the rest efahimals
in confinement. It was estimated that 40% of th@ssdogether with their piglets, are grown undedmd@),

other 40% under?), and the remaining 20% und&).(For the rest of animals, based on expert judgnves
estimated that every 1 animal in systeB) {here are 3 in systeni)(and 1.4 in system2]. With this
information and the stock composition, we estimaedfollowing valueSiging=0.55 anyra,ing0.45 for the
entire time series and for the entire swine clase resulting distribution between confinement tyfy
animal sub-classes was 41/59 sows and pigletefestimals for confined animals (whose excretemaved
with water and disposed in anaerobic lagoons),7diel6 sows and piglets/rest of animals for thoseifag in

the field (grazing).

2.2. N-containing fertilizers

Direct soil emissions of NHarise from the use of three types of N-contairfigrgjlizers in the form of if
ammoniacal nitrogenji] other compounds that decompose quickly in ammmoniauch as urea ((NHOC)
and (i) nitrates. Although nitrates do not emit Nélirectly, they can contribute to its emission®tigh crop

foliage due to the increase in the concentratiomitobgen in the leaves.

According to official information, in Argentina these of manure as a fertilizer for crop produci®mot a
frequent practice (Vazquez Amabile et al., 201%)er€fore, the entire emissions from manure sprgaaoin

land are reported under MMS, and in this sectidg onneral fertilizers are considered.

The emissions from the use of N-fertilizers wergnested according to a tier 2 (EMEP, 2013) as desdr

below.

12
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(3) Efere = Xy Xko{m_fert;; - EF; ;- [1 —p_alk;- (1 - ¢)]}

In the Eq. (3)E:: denotes Nklemissions in kg/yeam_fert ; is the nitrogen mass provided by the fertilizer
applied in the regionin kg N/year EF;; is the emission factor of the fertilizein regionj in kg NHy/kg N.
The termp_alk is used to account for the proportion of regjowhere the soil pH>7, and for the whole
Argentinean agricultural territorp_alk = O since the corresponding pH has been repodddveer than 7

(Saint Rozas et al. (2011)).

The consumption data of fertilizers differentiated product were taken from the Chamber of the Atigen
Industry of Fertilizers and Agrochemicals (CIAFA)1) for the entire time series considered. Theuahn
consumption of N-fertilizers varied within the rand00—-900 Gg N/year in the period 2000-2012 (Fi@yre
Urea was the main N-fertilizer used in the countéiggounting for ~60% of the total N-consumptioneUse

of urea ammonium nitrate solution (UAN), which cains 32% N, has gained relevance over the yeatis, wi
consumption increasing from <10% between 2000-20040 ~20% for 2005-2012. Simple phosphates
(monoammonium phosphate: MAP, and diammonium plaisphDAP) have slightly reduced their

participation while N-contribution of the remainifeytilizers has oscillated between 8% and 15%.

1000

800

2000 2002 2004 2006 2008 2010 2012
m Others O DAP oMAP = UAN mUrea

60

o

40

o

20

Fertilizers consumption (Gg N/year)
o
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Figure 2: Annual consumption of fertilizers for theriod 2000-2012, in Gg of N. (DAP: diammonium gloate, MAP:
monoammonium phosphate, UAN: urea ammonium nitsatetion, others include: ammonium nitrate, sulfatel

thiosulfate, potassium nitrate, nitrogen-phosphgroimssium mixtures, and other N-compounds).

For each crop type the emissions from total N-fertilizer used)(were spatially disaggregated on the basis
of planted areaafea) and the ratio of N-fertilizer per areBifarea). To this end, crops were organized into
major, minor and other. The set of major N-fertilized crops include: whead corn, which together
represented ~60% of N-consumption, sunflower, mgltharley, sorghum, and pastures that accounted for
~22% for 2006, 2011 and 2012 (years with availala on the proportion of the total amount of NHieers
consumed by crops) (Fertilizar, 2017). Minor crapssist of fruit trees, citruses, vine and grapsaio,
sugar cane, tobacco and rice. Major and minor caspsunted for ~96% of N-consumption in the coufary
2006, 2011 and 2012, assigning the remaining 4%hadereinafter calledther crops For each of the six
major cropswe obtained data om) @nnual cultivated area in each district (2000-=2qPDA, 2017) andii()

the proportion of the total amount of N-fertilizexsnsumedNi/Ny) only for 2006, 2011 and 2012 (Fertilizar,
2017). Based on these data, we noted that alththeyhmatiosN/N; varied, the sum oN; was practically
constant at a level of 0.82;. This value (0.82) was adopted for the rgtig N;) ¥5_, N; for all years with
missing information. The consumption per crap each yeay in the periods 2000-2005 and 2007-2010 was
estimated by linear correlation ON;oodareasos Nizoi/areazois and Nispdareg.o» subject to
(1/Nrg) ¥o . N;; = 0.82. Then, for each district, the amount of total N jgeop and year is trivially
calculated by the product of the estimatéglarea; and the corresponded planted araged;) from the

national statistics.

For minor and other crops, we used informationipplanted area per district, which was availabls dor
2002 (PDA, 2017) andiif N/N for 2006, 2011 and 2012 (Fertilizar, 2017). In tdesence of further
information, the value of planted area per distiiceach year was assumed equal to that in 2002hés
values ofNi/Nr did not show significant variations in the yeaithvavailable data, the corresponding averages
were taken as representative for the whole pefiodhe best of our knowledge, this study reportgtie first

time activity data relative to N-consumption by mirand other crops.
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2.3. Biomass burning

Emissions from biomass burning during agricult@etivities include those arising fron) agricultural waste
burning and i() prescribed burning of savannahs. In Argentinaicatjural waste burning (AWB) practices

occur only under sugar cane and flax cultivation.

2.3.1Agricultural waste burning

Emissions corresponding to AWB were calculatedhenbtasis of the following expression:

(4) Erp = XitaAi Yy s dipy; - G, EFp,

whereE,, denotes Nklemissionsi is each crop (sugar cane or flag),(ha) is the area occupied by criofy
(kg ha') is the average vyield,is the waste/crop ratd,is the dry matter conter, is the proportion of waste

burnt in the fieldsC; is the burning factor, ardF,, is the NH emission factor (kg Nkkg dry matter).

Data on the amount of cultivated crops (kg), edemiato the produch,.Y;, were taken from national statistics
sources (PDA, 2017) for flax, and from produceroaigion reports (CAA, 2016) for sugar cane. The
proportion of flax area burnt in the fields (200042) was estimated as 50% while that of sugar cane
exhibited a reduction factor of 1% per year frorf8@ 2002 to 70% in 2012 (Vazquez Amabile et d)1%).

In the absence of crop-specific EFs, the same EIM&PL default value was used for both crops. er t

remaining parameters, d andCf), we adopted the values in the IPCC 1996 guidsl{f®ughton, 1997).

2.3.20ther biomass burning

In Argentina there are comprehensive data on thfec affected by fires from the burning of thedaling
types of vegetation: pastures, shrublands, natikesfs and cultivated forests (MAyDS, 2016). Howethas

source does not report whether these fires wereciadsd with land use change or agricultural pcasti
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(prescribed burning). Therefore, we had no chotterothan estimating the emissions from other bssma
burning (OBB) in an integrated manner althoughatalt they have not arisen from agricultural acibst
These emissions were calculated on the basis &MEP guidelines from the carbon emitted by eaple of
vegetation, weighed by the NHbroportion by the emitted carbon (this methodolagydescribed in the

Supporting Material, section A.ll.).

2.4. Spatial distribution of emissions

Emissions from beef cattle (MMS and grazing) weredlly estimated in a disaggregated manner atictist
level. For all other livestock classes, emissioesenestimated at national level and then disagtgdgasing
the 2010 stock (SENASA, 2017) as reference, assuthiat for each animal type, the annual share ef th
stock in each district with respect to the natiogdck was practically constant throughout the qukri

analyzed.

Emissions associated with fertilizers were estichadé a national level and assigned to the diffefdnt
consuming crops, as detailed in section 2.2. Tlatiadpdisaggregation froimajor cropswas carried out on
the basis of those crops distribution in the natidarritory from the information available at dist level for
the whole period (PDA, 2017). Farinor cropssurface planted data by district for 2002 (INDE2002) has
been used, neglecting the possible displacemenitsgdilne period analyzed. Because of lack of infation
the other cropsgroup, that accounts only for ~4% of the fertilizemissions, has not been spatially
disaggregated. For reporting purposes, these emsssivere equally distributed throughout the coustry

territory.

Emissions fronother biomass burningvere estimated in a disaggregated manner atditriel by type of
vegetation burnt. Emissions from AWB were estimaa¢dational level and then disaggregated at distri
level according to the location of sugar plantshvédttive production, weighing the value of emissivith
the annual production of each plant. Emissions fiimenburning of flax residues, which accounted<®®o of

emissions from AWB, were distributed equally.
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2.5. Uncertainty analysis

Uncertainties associated with the calculated eomissivere estimated using the tier 1 approach ofRiE
2006 guidelines, based on error propagation fraenutficertainties in the activity data, emissiondeciand
other estimation parameters. Most of the activiyadused in this study was collected by natioretissics
agencies; however, the uncertainties associatdd tivtsse data were not published. Thus, estimatidheo
uncertainty associated with activity data was nyobtised on expert judgment, much of it based on the
considerations done in the TNC. Given the diversityemission factors and other parameters usediin o
study several sources of information were usedtionate the associated uncertainties. Althougtttimeplete

list of criteria and information sources used ttneate the uncertainties is reported in SupporiMagerial,

we briefly indicate below the main sources of infiation other than expert judgment that we usedtimate

the uncertainties values adopted for EFs and pdease

For livestock, an uncertainty of 50% was adopted\q (IPCC’s Expert Group Report suggested value), and
values in the range 9-14% fgray depending on the type of animals, based on themoem difference
among the modeling results reported in the bibhpby (Reidy et al., 2009, 2008). For cattle unéedfot
systems, the uncertainty assigned to the EF wasdbas the results obtained through the NARSES model
(Webb and Misselbrook, 2004) while for the otheestock categories, the EF uncertainties were téoem
the EMEP. EF uncertainties of the different typédeatilizers were based on the N loss data reploite
EMEP for micrometeorological measurements, winchélirexperiments and other type of tests. The values

adopted for biomass burning EFs and associatednetess were those included in the EMEP guidelines.

3. Results and Discussion

3.1. National emissions

Table 1 reports NHannual emissions in Argentina for 2000-2012, djsagated according to four main
sources: i) manure management,)(manure in pastureiji() fertilizers andif) agricultural waste burning; the
corresponding uncertainty ranges are also indic&edarding excreta from animal husbandry, the sions

estimated in the disaggregated manner describestdtion 2.1 were grouped in Table 1 as follows: the
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emissions under manure management are those drisingexcreta handled in feedlot and in pasturentepl

by our information sources as “managed”, while ¢hoader manure in pasture are those arising framan
“grazing”. Since the use of manure as a fertiliogrcrop production is not a common agriculturagtice in
Argentina, emissions from land application of manuvere reported under "manure management", and

attributed to animal husbandry in line with the TNC

Emissions from all four sources were higher in 2@&n in 2000, increases were in the order: manure
management (82.5%) > direct soil emissions (60.6%)agricultural waste burning (8.0%) > manure in
pasture increased (3.0%). Total emissions have bsmorted excluding emissions from OBB because, as
calculated, they include emissions from fires rdated to agricultural activities (see section2.3n 2012,
NH; emissions in Argentina, excluding OBB, amountedB18 Gg, estimated with an uncertainty level of
26%. Manure in pasture was the largest contribtaténe uncertainty, followed by direct soil emissawvith a
much lesser contribution by manure management. fiine series of estimates exhibited decreasing
uncertainty values from 31% in the early years @%2in the late years. This decrease in uncertaiaty
mainly associated with the decreasing participatibieef cattle under grazing (manure in pastunethée

total NH; emissions.

Table 1: Annual ammonia emissions from the fouegaties of the Argentinean agriculture sector.

Manure Manure in Agricultural Other biomass
NH; (Gg) Fertilizers Total inventory
management pasture waste burning burning?
2000 39 (29-50) 99 (37-161) 84 (51-116) 4 (1-7) 226 (155-297) 69
2001 42 (30-53) 104 (41-167) 91 (56-126) 4(1-8) 241 (168-315) 100
2002 44 (32-56) 107 (40-173) 83 (51-115) 4 (1-7) 238 (164-313) 56
2003 48 (35-61) 109 (41-177) 107 (66—148) 5(1-8) 269 (188-349) 65
2004 51 (37-65) 110 (42-179) 129 (78-180) 5(1-8) 295 (209-381) 8
2005 54 (40-69) 111 (42-181) 115 (73-157) 5(1-9) 285 (203-368) 16
2006 57 (42-73) 113 (42-185) 139 (88-190) 5(1-9) 315 (226-404) 11
2007 60 (45-76) 114 (42-185) 158 (99-216) 5(1-9) 337 (243-431) 3
2008 65 (48-82) 110 (41-179) 111 (69-153) 5(1-10) 291 (209-374) 9
2009 71 (52-90) 106 (41-171) 106 (65-146) 5(1-9) 288 (209-367) 14
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2010 66 (49-83) 99 (41-159) 142 (88-196) 5(1-8) 312 (231-394) 3
2011 69 (52-87) 99 (41-157) 158 (98-219) 5(1-8) 331 (245-416) 4

2012 72 (54-90) 101 (41-162) 135 (83-186) 5(1-8) 313 (231-394) 3

! The entire emissions from manure spreading on #adncluded under manure management (manure issed as a

fertilizer for crop production in Argentina).

2 Emissions from open biomass burning other than efiagricultural wastes were reported but notuded in the

national totals because they include emissionggrisom land use and land use change.

Emissions from manure-related activities constiutee main source of Nfemissions, accounting for ~60%
of the total. Analyzing each component, it can Ibsevved that the shares in emissions from manure in
pasture decreased from 44% in 2000 to 32% in 2(iwhose from manure management increased from
17% in 2000 to 23% in 2012. This is mainly a conssge of the greater relevance in feedlot practoes
poultry farming; e.g., the annual average livestockeedlot increased from 0.45 million head in@@® 1.31
million head in 2012 (i.e., 191%) while that of ftoy increased in 165%. Argentina’s beef cattle was
historically based on pastoral production systemesyever, the increment in the proportion of thenals
farmed in feedlots (from ~1% of the total beef leaptopulation in 2000 to ~3% in 2012) was reflediec
relevant increase in the proportion of beef cati@ssions from manure management category: from d4%
the total emissions from beef cattle in 2000 to 262012 (Figure 3). The maximum value of emissitvom
manure management in 2009 was associated with stasuital increase in the number of registered taed|
animals. This increase may be attributed to a @umeasure taken by the government in the peri@@-20
2009, which provided economic compensation to fatedfor the use of grains to feed animals aimed at

ensuring meat supply to the market under higheddeels of grains (ONCCA, 2010, 2007).
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Figure 3: Beef cattle emissions (Gg of JHrom grazing and manure management systems gle$) and average
annual stock (million head) (right axis). Note ttiz¢ entire emissions from manure spreading on émedncluded under

MMS.

The use of N-fertilizers is the other main soutoeing in general the most significant single sowsicee
2004. In general, the raise in emissions was asotwith higher levels of N-fertilizer use asstaiwith
the displacement of cultivation areas to less léedbils, while the variability was largely assae with
market conditions, severe drought events occume2DD8 and 2009, and lingering floods in 2002/2668

2012 (Barros et al., 2014).

With regard to the burning of agricultural wastéhaugh it accounted for < 2% of NHemissions, its
relevance resides on the fact that it is custogadrried out during specific periods (early springthe
southern hemisphere) and in small areas in thetgo(sugar cane plantations). This situation, cedphith
the presence of compounds co-emitted with; Nidserves attention in studies of atmospheric cteyni

dynamics.

Emissions from OBB whether they are related tocadjiral practice or not exhibited a unique behawih
levels in the range ~56-100 Gg Nid 2000-2003 and in the range ~3-16 Gg;NH2004-2012. The large
differences in emissions between the early yeaidtaalast years of the period considered may actlated

to an actual decrease in fires but most likely tmethodological evolution in data collection, whialas
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indicated by the source of AD (MAyDS, 2016). Comsidg that () the reported values include emissions
from land use and agricultural activities aidl the large uncertainty associated with the AD reiterate that
these emissions are reported as an information @edhnote that they should be considered in a aasiti
manner for alternative purposes. In addition, #fiisation underlines the need to collect adequdtarnation

that would enable to disaggregate AD by type & &nd to obtain a consistent time series.

Excreta from six livestock types (beef cattle, gaiattle, horses, poultry and swine) and the udarek types
of fertilizers (urea, UAN and simple phosphatesitdbuted to >95% of total NHemissions in Argentina,
excluding OBB, in the period 2000-2012. Crop femdilion with urea was the main source of JNH
contributing 30.0% in 2000 and 33.1% in 2012; isviallowed by beef cattle (breeding and fatteniwith
shares decreasing from 27.7% in 2000 to 21.8% it?2Mairy cattle were the third source in order of
importance in 2000, representing 11.4% of the teotéh emissions maintained at a relatively conistavel
throughout the period exhibiting a decrease ineshan 7.5% in 2012 as a consequence of the inogeasi
importance of other emission sources. Poultry, imecthe third contributor in 2012 (11.5% of the Iptes a
conseqguence of the relevant increase in the poodipglation; it was fifth in 2000 (6.3%) after hesswhose
contribution was in the range 5.9% (2011)-8.5% @0throughout the whole period. The combined
contribution of simple phosphates and UAN was mrdinge 6.2—12.2%, the participation of UAN in tibizl
NH; emissions raised from 2.0% in 2000 to 5.4% in 2@&Ething a maximum of 7.1% in 2007 while that of
simple phosphates was at relatively stable levetaséen 3.8% (2002) and 5.0% (2006—2007), refledtieg
consumption pattern discussed in section 2.2.

Regarding emissions from the use of N-fertilizensaddition to considering the contribution of tti&erent
fertilizer types, it is worth considering their dggregation by crops. Corn and wheat combined ateddor
70% of the NH emissions from fertilizer use in 2000 and 58% il20The relative contributions of these
crops interchanged throughout the period, in 2006at was responsible for 43% of the emissions amal ¢
for 27%, while in 2012 corn contributed with 34%tbé& emissions and wheat with 24%. The combinetesha
of corn and wheat decreased as a consequence lafjitiex contribution of other crops such as malbagey

or sorghum, which jointly accounted for 4% (3.4 @f}the emissions in 2000, and 15% (19.8 Gg) in2201
The contribution of the remaining crops to Neinissions did not show relevant variations ingégod.
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496  For further details, a complete set of the emissistimated is presented as Supporting Materidll€Ta.4).

497

498 3.2. Spatial disaggregation

499  On the basis of the estimated national;Mhissions, we estimated the emissions by agroesgicnregions
500 and by district. Although we carried out this sphtilistribution considering all relevant Mdmitting
501  activities, the following discussion focused onlythe three components that most contributed tb, bevels
502 and spatial distribution: fertilizers, manure magragnt and manure in pasture for beef cattle. Reward
503 animal husbandry, the discussion below considees battle only because of its relevant contributton
504 emission levels. Poultry also contributed signifity to the level and especially to the trend bot to
505  variability in spatial distribution since the poptibn of laying hens and broilers has been locatedhly in
506 the same area throughout the period. This waseidm®on for not having explicitly addressed thesmalsi in
507 this section, which focuses on the differences matial distribution of NH emissions in the period 2000-
508 2012, which according to our results were significacross the country’s agro-economic regions @ ahl

509

510  Table 2: Distribution of Ngemissions (Gg) arising from fertilizers and beeflegper agro-economic region.

NH3 (Gg) by region Fertilizers Beef cattle .
Manure management Manure in pasture
2000 2012 2000 2012 2000 2012
National level (Gg) 83.8 134.6 9.1 17.6 53.5 50.4
Pampa Region 61.7 86.8 7.0 13.4 35.0 28.2
Southeast (P-SE) 9.1 12.2 1.3 16 8.8 8.5
Southwest (P-SW) 13.0 16.2 0.3 0.2 6.1 5.1
West (P-W) 12.8 20.4 2.6 2.9 8.4 6.1
North (P-N) 26.9 38.0 2.8 8.7 11.7 8.5
Northeast (NE) 5.3 10.2 0.5 0.6 11.6 13.5
Northwest (NW) 10.0 25.8 0.6 1.7 3.0 4.1
Semiarid (SA) 5.2 10.3 0.9 1.6 3.2 35
Patagonia (Pat) 15 15 0.1 0.4 0.7 1.1

511

512  Emissions from crop fertilization increased inragjions excepting Patagonia; however, the shamsezha

513  decrease in the Pampas (from 73.7% in 2000 to 64n52012) and a sharp increase in the NW (11.9% in
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2000 and 19.2% in 2012) and, to a lesser degretheilNE and the SA regions (from ~6% to ~8%). This
spatial variation was related to the relative iasein cultivated areas of soybean. Figure 4 shbatsthe
increase in the total area planted in the countrg wractically driven by the growth in soybeanicatton
while the area for N-consuming crops remained ikt constant. Soybean is mainly produced in the
Pampas (Figure 4), therefore the increase in soybeaa planted did not imply a decrease in toteh ar
planted for other crops but led to the displacenoémultivation areas of N-fertilized crops frometPampas

to NE, NW and SA. It is somehow paradoxical tha thltivation of a crop that does not consume N as

nutrient has had such a significant influence engpatial pattern of NiHemissions associated with the use of

N-fertilizers.
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Figure 4: Planted area (thousand’kof soybean and N-fertilizer crops in Argentineft), and spatial distribution of

soybean crops (thousand hectares) in 2000 and (2igh®).

Emissions from beef cattle manure management egHibicreases across the country, most noticealilyei
northern Pampas, as a result of the intensificadoattle production systems in feedlots. Emissitnom
beef cattle manure in pasture, which decreasedatiwral level, exhibited significant variations

regions; they decreased in the Pampas while thergased in the other regions, indicating that theeoved
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trend at national level was clearly driven by thmidishing of beef cattle stock in the Pampas. Tikis

conseqguence of market conditions coupled with thglacement of grazing beef cattle to other regions

A finer resolution at district level of the spataiktribution of NH emissions is shown in Figure 5, which
depicts emissions fron)(excreta from beef cattlej ) use of N-fertilizers andi{) total NH; emissions from
agriculture. The emissions are shown as emitted wiasiH; for 2000 while for 2004, 2008 and 2012; Figure

5 shows the differences between the emitted mabgioorresponding year and that emitted in 2000.

Total emissions from beef cattle manure increasam 2.6 Gg (2000) to 72.6 Gg (2004) reaching 1Zg0
(2008) and later decreasing to 68.1 Gg (2012).cHamge in emissions between 2000 and 2012 canebe se
as () a general increasec 60 Mg NH; per district) practically covering the entire wail territory in 2008
and 2012, i{) patches of further increases (> 50 Mg Nber district), particularly external to the Pampas
region andi(i) zones of decreases especially for those distoctsted in the Pampas. The shift in the spatial
distribution of emissions reflects the displacemeintattle farming to less fertile soils, partialjain the
northern regions of the country, pushed by thengakif prime land by soybean cultivation. The higlesel

of emissions in 2008 with respect to 2000 and 2@isgussed in section 3.1 and shown in Figure Sesrly

evident in Figure 5.

As discussed before, both fertilizer consumptiod #re associated NHemissions exhibited a significant
variability in 2000-2012. Emissions in selectedrgeia Figure 5 were: 83.8 Gg (2000), 128.9 Gg (2004
111.0 Gg (2008) and 134.6 Gg (2012). In generalssions in the different districts exhibited sigcdint
increases (> 50 Mg NHper district) with respect to 2000. Figure 5 depithe relatively lower emissions
level in 2008 in relation with those of 2004 and.20this was mainly a consequence of the droug2068
and 2009, which led to a reduction in planted af&égure 4) and production loses in maize, wheat an
sunflower (Barros et al 2014). In spite of the s#ijpedecrease in 2008, the general increasing tiansH;
emissions can be appreciated in Figure 5. Incrégasgop yields in the country since the 1960s can b
attributed to several factorg) limate trends particularly increase in rainfdil) increasing application of
modern technology and management practices,iah@ifhanced global demand and higher prices of lserea

and grains. New lands for agriculture were incluttedllow the significant increase in annual crapsy did
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640

not extend homogenously throughout the countryexibited an expansion from the Pampas towards the
western and northwestern zones (Barros et al., ;20idizzo et al., 2011b). This expansion of cudtied
areas is reflected in the changing spatial patéiH; emissions shown in Figure 5. In 2004, a decrease i
NH; emissions in the southeastern Pampas can be mdeigure 5, this is consistent with a retraction of

cultivated areas discussed by Viglizzo et al (2011b

Total NH; emissions represented in Figure 5 are the sunheftwo sources discussed above plus the
emissions from agricultural waste burning and e&cfeom the other animals considered in this wditke
sum of these additional contributions represen®o-8f the total annual Nfmissions, amounting to 79.7
Gg (2000), 93.6 Gg (2004), 103.3 Gg (2008) andA By (2012) and did not suffer significant geogiaah
displacements with the only exception of dairy leatThe burning of agricultural waste took placsadt
exclusively in a few districts of the NW region §9%) where also relatively high amounts of N-fezglis
were used for the crops whose residues were Bestause of the relatively high levels of N-fertlizaise in
these districts it is not possible to clearly idignthe contribution of agriculture waste burnimgrh Figure 5
(bottom) since the NHlevels from fertilizers are already representethi center graph with the maximum
value of the color scale. Similarly, the contriloatifrom excreta from dairy cattle, swine and pguftargely
located in the Pampas) cannot be distinguishece dihey belong to the area with the highest and most
concentrated emission level. Contributions of eioiss from manure from other animals are particuylarl
noticeable in Patagonia and in some districts e/3A and NW regions (Figure 5, year 2000, bottdrhgse
emissions were largely contributed by sheep (pddity in Patagonia) and horses, which are distethu
across the country. In addition, specific distriate distinguishable because of their relativehhemission
levels: {) the southwestern extreme of the semiarid regi@spciated with the high number of goats and

horses andii() the northwestern districts of the NW, associatét the emissions from manure from camelid.
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3.3. Verification and quality control checks

3.3.1Implicit emission factors

For verification purposes, and for the emissioret tiere estimated using a tier 2 approach namely, N
fertilizers use, and manure from livestock, we gkited the implicit emission factoEs; (Eq. (5)) as the ratio

of estimated emissions and activity data (N-femtiticonsumption or animal stock).

(5) EF; = E;/AD;

The EF; thus calculated were set against tier 1 defauk Bff EMEP (2013). In general, there is a good
agreement between the tier 1 default EFs and thetireg EF; from our study, with values of th&F; within
the same order of magnitude than the tier 1 EFsitht lower values, except for the case of feritiz and

cattle in feedlots (Table 3). The differences aseussed below.

The resultinge F; for N-fertilizer application is about twice the EB® default tier 1 EF. This difference can be
explained considering that the EMEP tier 1 EF iseldlaon the mean fertilizer consumption informedHsy
International Fertilizer Industry Association (IF2016) for Western, Central, Eastern and Centr&h Aw
2010, which reported a urea consumption betwee®d6l 7% (measured according to N contribution) evhil
in Argentina the consumption 2000-2012 of urea {érdlizer with the largest EFs) was ~60% of the N

fertilizers.

The resultingt F; from our study for beef cattle manure in pasture f2edlot encompassed the EMEP default
EF. This is consistent with the fact that the difaer 1 EF by EMEP for emissions from beef cattlanure
for dry systems is based on a housing period ofde8& while in our study, and according to the tots
situation, we have assumed that pasture animafedsalétheir time excreting on land (grazing per@b)
and that feedlot livestock spend virtually all thiéine in feedlots until they reach market weighis worth
noticing that the value ofF; for beef cattle manure management in our studygiwhes between those of
beef cattle in pasture and beef cattle in feedteffects the fact that this source is composebodti types of

disposal.
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Table 3: Comparison between implicit emission fegteesulting from emissions estimated using a 2ieapproach

divided by the corresponding activity data and ti@efault emission factors from EMEP.

Implicit emission factorEF;) Tier 1 EMEP default EF Unit
nits
Source This study Source Reported value
N-fertilizer application 0.17-0.19 N-fertilizer plication 0.081 Kg NHKkg™* N-fertilizer applied
Beef cattle feedlot 10.6-11.1
Beef cattle manure managed . .
3.0-5.9 Beef cattle manure solid 9.2 Kg NKAP

(feedlot and pasture)

Beef cattle in pasture 1.2-1.3

3.3.2Comparison with the EDGAR database

Our estimates of NHemissions were compared with those reported inBD&ARvV4.2 global database,
aggregated at the national level for each of thivitdes considered. The comparison of emissionmeges
2000-2008 is reported in Table 4 in terms of thfednce between the estimates in EDGAR minus aur 0

relative to our estimates.

The estimates by EDGAR of emissions from manureagament were higher than our estimates in 2000 and
2001 and they become lower since 2002, varying fa8P6 (in 2000) to -35% (in 2008, last year avdédab

that database). This difference may be ascribable tertain disregard by part of EDGAR of the
intensification in feedlot systems arig) the relevant increase in the poultry populatidiscussed in section
3.1. Since the emissions estimates in EDGARv4.Dased on activity data from FAO (Food and Agriandt
Organization of United Nations) (FAO, 2017), we lgpad FAQO’s information relevant to these actistie
We corroborated that the FAO information systéjrp(ovides official data for the average annuatistof
beef cattle but it does not reflect the proportibithe animals that were farming on grazing oréaediots and

(i) does not provide official data for poultry popida but estimates that do not reflect the greatdase of
this activity.

Emissions from manure in pasture in EDGAR are 96%23% higher than those estimated in our results.

These differences may arise from the use by paBRBAR of ) AD from FAO, which provides official

28



692

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

information only for cattle and sheep and estimfteshe rest of the livestock, and)(default values of

housing periods that are not suitable for the agispractices.

Fertilizer consumption data used in the EDGAR dagabfor Argentina are also based on FAO information
We noted that the data from FAO are overall coestswith national statistics and therefore exhibitke
same trend than that showed in Figure 2. Theretbeefrend in emissions 2000-2007 from N-fertilimee
reported in EDGAR were consistent with our resuisyever the emission levels were higher in EDGAR.
We noted that the implicit emission factors resgjtirom EDGAR estimates were in the range 0.24-Rf38
NH; kg* N-fertilizer applied, which represent values ~2ds higher than our estimates and 3-5 higher than
the default tier 1 EMEP EF. These differences miggedrom the possible accounting of manure astidifer

by part of EDGAR.

Emissions from biomass burning are reported in EBG&ccording to the following disaggregation:
agricultural waste burning, savannah burning, fofiess and grassland fires. In Table 4 we have pamed
our estimates of AWB against the values reporteBDGAR for the same denomination. The differences
between estimates are significantly large; oumestés were within the range 4.3-5.5 GgsN#ar™ while
those of EDGAR were in the range 21.2-31.3 Gg;Near ™. According to EDGAR’s methodology,
estimates are based on fraction of crop residuesedun the field taken from the work of Yevich anogan
(2003). Although this paper has very useful infaiioraand an adequate description of Argentinaisasion,

we found out big differences in the level and ie #patial distribution of crops that are burnede Thed
reference provides an overall value of 23% for fitaetion of crop residues burned in the field intiha
America countries (excluding Brazil) while only sugane and flax waste is burned in Argentina, which

together represents less than 4% of the total i@sidues.

In Table 4, we have also compared our estimatesnigsions from OBB against the sum of emissions fro
savannah burning, forest fires and grassland &seseported in EDGAR. As it is rather difficult tompare
the emission estimates in this disaggregated maaméniey may not include the same sources, ittier®
estimate the national emissions from biomass bgrnindependently of sectoral allocation (whether
agriculture or land use). Our estimates were inréimge 59.8-104.6 Gg NHear® (2000-2003) and in the

range 8.7—-20.4 Gg NHear™ (2004—2008) while those of EDGAR were in the radg8el—73.3 Gg Nklyear
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719 ! (2000-2008). The noticeable differences betweeretirly years (2000-2003) and late years (20042008
720  of our results are mainly due to the discontinuitythe data collection methodology, already disedssee

721  section 3.1).
722

723  Table 4: Comparison between ammonia emissions asmreported by the EDGAR global database andwbik
724 (relative error %: (EDGAR/our work -1) x 100).

Differences EDGAR N3 (%) 200C 2001 200z 200¢ 200¢ 200t 200¢ 2007 200¢
Manure managemen 16% 10% -9% -16% -18% -23% -27% -31% -35%
Manure in pasture 123% 110% 102% 108% 104% 101% 97% 96% 102%

Fertilizers 2% 80% 89% 59% 55% 75% 56% 43% 113%

Agricultural waste burning 395% 415% 420% 401% 429% 450% 393% A4T77T% 472%

OBB (this work) versus

savannah, grassland and forest

fires (in EDGAR) -43% -57% -40% -24% 329% 85% 144% 260% 141%
Total without OBB 91% 87% 83% 2% 66% 73% 61% 55% 83%
Total with OBB 60% 45% 60% 53% 74% 74% 64% 57% 84%

725

726 4. Conclusions

727  We developed a new inventory of ammonia emissioos fagriculture activities in Argentina. Annual
728  emissions 2000-2012 from animal excreta, fertilizgplication and agricultural waste burning were
729  estimated with a spatial resolution at districtelevi otal ammonia emissions from agriculture in 2@lere
730  0.31+0.08 Tg, being manure related activities (80106 Tg) and nitrogen fertilizer application (00305
731  Tg) the largest contributors while agricultural ¥eaburning accounted for less than 2%. Uncertairfitthe

732 total emissions was in the range 26-31%, being neainypasture the greatest contributor.

733 Despite Argentina is one of the top ten agro-exgerof the world, prior to our inventory the onladable
734  ammonia emission estimates for the country wersetmeported in global databases. However, duriadetst
735  decades there have been important changes in tloellagal practices of the country that were neftected

736 in the global inventories. This study was carriagt avithin the framework of a national project on
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atmospheric aerosols, which identified the needhafing more accurate estimates of spatially disteith

ammonia emissions for air quality modeling purposes

Activity data used contain high resolution in terafigi) manure from beef cattle, dairy cattle, poultnyjree,
sheep, buffalos, goats, camelids, horses and asdes/ with beef cattle subdivided into 59 sub-s#ss and
dairy cattle, poultry and swine subdivided into ubslasses each of thenii) (fertilizer type (four main
products plus one group accounting for those lesgsllusubdivided according to their application lore¢
groups of crops andii() waste burning of two crops (sugar cane and flArymonia emissions from these
activities were assigned to the districts in thgeXtinean territory from which the emissions oragen The
spatiotemporal resolution of the key activity datbhowed identifying the sensitivity of the estimate
emissions to three main drivers) e€xpansion of croplands associated with increas@tfall in regions
outside the Pampasi)(dominance of soybean cultivation, competing &ds with N-fertilized crops such as
wheat, corn and sunflower aniil X changes in the dynamics of livestock farming uahg the relocation of

cattle in lower-performance areas and the incrgasmplementation of feedlot systems.

This inventory constitutes an important compondnniigation and air quality policies however itosly a
step towards highly resolved ammonia emission esémin Argentina and there is room for improvement
especially if it is to be used as input data by dbemical transport modeling. Temporal resolutian be
refined considering seasonal and monthly patter@gricultural practices and climate conditionstipalarly
ambient air temperature. Spatial disaggregation lmarrefined beyond district level by using land use

information on fertilizer application and manursphsal practices on specific areas within eachictist
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Highlights:

« New ammonia emission inventory from agricultural activitiesin Argentina, 2000-2012
*  Weused high resolution activity data regarding types of livestock and fertilizers
« Disaggregated emissions reflect the effect of changing technologies and practices

e Maindriversinclude changesin: rainfal, cropland areas and livestock farming



