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INTRODUCTION
o
o
o
o

Agricultural ammonia (NH3) emissions provide a large amount of aerosol precursors in the lower troposphere, leading to the formation of ammonium nitrate in
the atmosphere. This compound can be responsible for high concentrations of particulate matter (PM10and PM2,5) in the boundary layer at springtime.
In March and April 2007, the forecasts delivered by the chemical transport model (CTM) Chimere, within the operational platform for air quality monitoring and
forecasting Prev’Air, were significantly underestimating PM10 levels in the boundary layer.
To improve the ability of the model to forecast PM10 and PM2,5 during Spring, we started implementing an online NH3 emission computation within CHIMERE
pre-processing in order to substitute a simple time-constant parameterization by a coupled approach between the CTM and the process model Voltair (INRA).
The new method takes into account climatic and environmental conditions to compute the ammonia surface fluxes after manure and synthetic fertilizers
spreading. Several spatially and temporally resolved input data are required : meteorological variables such as temperature and soil moisture, agricultural
practices such as fertilizer types, rates and dates of fertilizer applications, and soil properties such as pH and soil texture.

DESCRIPTION OF VOLTAIR MODEL

 Voltair is a mecanistic model describing the actions
of agro-pedo-climatic
volatilization.

conditions

on

ammonia

 it allows the modelling of NH3 volatilization at
agricultural plot and hourly scales.

INPUT DATA AND DATA PROCESSING

AMMONIA EMISSION IMPACT ON PM10 AND NITRATE AEROSOLS
The average ammonium nitrate aerosol concentrations for the period
from February to April 2007 modelled with CHIMERE using the
VOLT’AIR_INS ammonia emission data vary between values as low
as 1 or 2 µg/m3 in Southern France and more than 16 µg/m3 in
Northern France (a). Ammonium nitrate aerosol represents 12 to 63%
of PM10 mass over this period. This percentage decreases from the
south to the north except in the Parisian region where it is relatively
low. The ammonium nitrate concentrations calculated using the
VOLT’AIR_INS method and using the EMEP inventory differ from -1.8
to +2.5 µg/m3 (b). Positive differences are the most pronounced in
the north, north-east, centre and south-west of France, for
ammonium nitrate aerosol mean concentrations, and also for PM10.
In these regions over the February to April period, the increase of the
PM10 mean concentrations can reach 16 %. As expected, total
ammonia (NH3 + NH4+) concentrations are also enhanced with the
new method (c). However, the resulting difference in nitrate aerosol is
smaller than the potential of its formation: theoretically, for one extra
µg/m3 NH3, 5.33 µg/m3 NH4NO3 could be formed. Despite this,
simulations show DNH4NO3/D (NH3+NH4+) ratios (in µg/m3) in
general smaller than unity. This is due to the fact, that particle phase
NH4NO3 and gaseous NH3 and HNO3 are related by a
thermodynamic equilibrium which depends on temperature and
relative humidity. Thus, in principle the low simulated DNH4NO3/D
(NH3+NH4+) ratio can be due to the insufficient availability of nitric
acid, and to non favourable ambient conditions like high temperature,
or low relative humidity.

Statistical comparisons of modelled and observed PM10
concentrations for the February-April 2007
Data collected are spatialized on a regular grid with a Geographic Information System (GIS). Details about
crop and grassland areas, fertilization rates and dates of spreading are available at cantonal and regional scale
in France. Therefore, data are interersected with the corresponding land cover types using the Corine Land
Cover database. The fertilizers considered in this study are: ammo-nitrate, nitrogen solutions , urea and slurry.
Examples of crop areas and fertilizers distribution are given below.

Domain
Emission method
Mean bias
Correlation
RMSE
Mean modelled
Mean observed
Nb stations

France
VOLT’AIR
EMEP
-12.47
-12.91
0.8
0.79
15.74
16.17
17.08
16.64
29.55
7

BASINP
VOLT’AIR
EMEP
-12.16
-12.66
0.79
0.77
15.78
16.36
19.02
18.51
31.17
4

EAST
VOLT’AIR
EMEP
-12.91
-13.64
0.8
0.8
16.33
16.89
17.27
16.54
30.18
2

Statistical comparisons of modelled and observed PM10 concentrations for the February-April 2007 period
in France and in the regions of Parisian Basin and East using rural stations

The mean spatiotemporal correlation is slightly improved using the VOLT’AIR_INS emissions. It ranges
from 0.78 to 0.8 if we consider all the sites over France. If we consider the regions separately, we can see
that the new method improves the correlation for the Parisian Basin region for both rural and suburban
stations. However, for the East and the North regions the correlation remains unchanged and the RMSE is
slightly reduced. These regions have been chosen, because of large changes in the ammonia emissions
between the two methods. These scores show that the impact of the different NH3 emission datasets has
low effects on the PM10.

NH3 EMISSION RESULTS AND DISCUSSIONS
The CHIMERE-VOLT’AIR runs were carried out on the
period from February to April 2007. This spring period
corresponds to enhanced fertilizer dispersion and year 2007
is interesting because of its particularly hot temperature which
motivates the use of a process oriented model for calculation
of NH3 emissions (with respect to climatological EMEP
emissions).
The spatial variability is dominated by the emissions from
mineral fertilizers which can be high locally (b) except for
Brittany (the Northwest region) where the emissions are due
to animal husbandry. It depends on agricultural practices,
especially the quantity of fertilizer applied (c) and also on soil
pH (d). Emissions increase with pH because at high pH the
ratio NH3/NH4+ in the soil solution increases and more NH3 is
available for volatilization. (e) shows ammonia emissions as
percentage of the rate of mineral fertilization. The maximum
of losses of the applied fertilizer is 2%. It is reached over
regions with high pH, inversely, minima of this ratio occur
over regions with low soil pH. In literature (Asman, 1992;
ECETOC, 1994), this value of 2 % corresponds to the
average emission factor of ammonium nitrate fertilizer
considered as the fertilizer with the smallest ammonia losses.
If we consider the ammonia emissions modelled with
VOLT’AIR for one specific day, they can be significantly
higher. On April 16, 2007 which is characterised by an intense
episode of particulate pollution, the ammonia emissions are
at least doubled at some locations with respect to the
February to April average (f).

Pollutant
PM10
NH4NO3
Typology
Rural
Suburban
Urban
Rural
Suburban
Urban
Emission
VOLT’
EMEP VOLT’ EMEP VOLT’ EMEP VOLT’ EMEP VOLT’ EMEP VOLT' EMEP
method
AIR
AIR
AIR
AIR
AIR
AIR
Mean bias
-16.49 -17.46 -15.86 -16.34 -19.52 -19.61
-3.42
-4.36
-1.77
-2.21
-4.03
-4.12
Correlation
0.67
0.62
0.56
0.53
0.55
0.55
0.54
0.47
0.49
0.44
0.44
0.41
RMSE
19.76
20.75
19.38
19.93
22.14
22.35
9.17
9.56
7.96
8.18
8.72
8.81
Mean modelled
28.9
27.93
26.47
25.99
23.13
23.04
15.64
14.7
13.33
12.89
10.51
10.42
Mean observed
45.39
42.34
42.65
19.06
15.1
14.54
Nb stations
7
41
168
7
41
168
Statistical comparisons of modelled and observed PM10 and NH4NO3 concentrations for an aerosol episode occurred from 13 to 19
April, 2007 in France using the different station types

The statistical performances are also calculated for a small period (April 13-19, 2007) characterised by
important aerosol pollution and for which in addition to PM10 also NH4NO3 observations could be derived
The mean spatiotemporal correlation in France corresponding to the nitrate ammonium concentrations
calculated with the VOLT’AIR_INS method (0.54, 0.49, and 0.44 for rural, suburban and urban sites
respectively) is enhanced by comparison with the standard ammonia emission calculation (0.47, 0.44, and
0.41 for rural, suburban and urban sites respectively). The negative bias in PM10 is slightly reduced, but
remains important whatever the method used.

CONCLUSIONS
A new method has been set-up to calculate the ammonia emission swith the mechanistic model
VOLT’AIR . Compared to the EMEP emission inventory, this approach displays higher spatial and
temporal variability over France.
Nevertheless, the CHIMERE results using VOLTAIR emissions show similar PM10 and ammonium
nitrate concentrations than in the CHIMERE-EMEP simulations. due the nitric acid which appears to be
the significant limiting factor in the particulate formation.
This emission pre-processing is now coupled with the CTM CHIMERE and represent a powerful tool to
support national authorities in drawing up emission reduction measures targeting the agricultural
practices. This coupling might also be useful for assessing the impact of climate change (temperature,
humidity and soil moisture) on agricultural emissions.
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