


This area is calculated based on the cultivated area, multiplied by the burned fraction specific for
each crop type. For cotton a value of 0.333 was used (following the [MAPAMA, 2015]).

M, the specific mass of residues available for combustion (tons ha™);

Cs

the combustion factor defined according to default values of IPCC methodology
[IPCC Guidelines, 2006] (dimensionless);

The combustion factor represents a measure of the proportion of biomass fuel that is actually
combusted. This value depends on the size and architecture of the fuel load, the moisture content
of the fuel as well as on fire intensity and rate of spread.

The burnt dry combustible mass is calculated as Mg * C; and values of this product were taken
from [IPCC Guidelines, 2006]. For the calculation of PAH emissions the value for the aggregated
vegetation type 'All Shrublands', equal to 14.3, was selected.

the emission factor for considered pollutant (kg/kg of burnt dry matter).

The Tier 1 default emission factors for NFR source category 3.F [EMEP/EEA Guidebook, 2016]
were used for PAHs, which values were based on the study [Jenkins et al., 1996].

Analysis of this methodology, applied for the evaluation of PAH emissions in Spain, indicates that several

parameters of this approach can be subject of considerable uncertainties. In particular:

1. The area of burning (A), calculated as a function of the cultivated area, can be overestimated.

2.

3.

During the recent years part of the cultivated area in Andalucia has been assigned to an
integrated production system, for which the legislation does not allow residues burning.
Therefore, calculation of PAH emissions without taking this into account would lead to the

overestimation of actual emissions.

The value of the burnt dry combustible mass (Mg * C;), selected from the default IPCC estimates
[IPCC Guidelines, 2006], is evaluated for the aggregated vegetation type and is not specifically
determined for the cotton residues. At the same time, there are estimates for several crops in
these guidelines, namely, for wheat, maize, rice, and sugarcane residues. Thus, their use might
be more appropriate for the evaluation of this parameter for cotton.

Values of default emission factors (Ge) for PAHs in the EMEP/EEA guidebook [EMEP/EEA
Guidebook, 2016] are not specific for cotton (for example, for benzo(a)pyrene the value of 67.7
mg/kg dry matter is suggested following [Jenkins et al., 1996] which was estimated for other
types of crops).

Experimental emission scenarios and results of model simulations

To examine possible effects of the uncertainties mentioned above on model predictions of B(a)P

pollution levels, several experimental emission scenarios were prepared. These scenarios are based on

the official PAH emission data for 2015, provided by the Spanish Ministry of the Environment. Inventory
of PAH emissions is generated for the sum of 4 PAHs without splitting for particular PAH compounds.
Therefore, to obtain emissions of B(a)P, its fraction in the emissions of 4 PAHs was taken equal to 14%.
This assumption was made in accordance with the information from national experts on emissions, with
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reference to the EMEP/EEA Guidebook 2016. The following modifications of B(a)P emissions were
considered in the scenarios:

e Scenario 1: Modification of the spatial distribution of emissions applying a spatial mask for areas
assigned to the integrated production system. For these areas no burning of residues is
expected, so the emissions in the corresponding grid cells are removed, which reduces total
emission from agricultural sources by 62%. In this scenario both the spatial distribution and
total emission from agriculture sector are changed.

e Scenario 2: Modification of the fraction of burned area for cotton (A). About 85% of fields for
cotton are now part of an integrated production system, where no burning is allowed. Thus, the
fraction of burned area can be reduced from 0.333 to 0.15, which leads to 55% reduction of
emissions from agricultural sources. This scenario assumes changing of total emission from
agriculture sector, while spatial distribution is left the same as it is defined in the national
emissions inventory.

e Scenario 3: Modification of the value for burnt dry combustible mass (Mg * C;). Though there is
no specific value for burning of cotton residues, the IPCC Guidelines provide the estimates for
burning of wheat, maize, rice, and sugarcane crop residues. The average value of these
estimates, equal to 6.5, can be used for the evaluation of emissions from agricultural sources
(instead of the chosen value 14.3), which equates to a 58% emission reduction.

Preliminary model simulations of B(a)P pollution in Spain were performed for the first scenario with the
two air quality models, namely, EMEP GLEMOS and CHIMERE (v2013, [Menut et al., 2013]) models.
Modelling of B(a)P pollution using the GLEMOS model was carried out for the year 2015. In case of the
CHIMERE model the simulations were made with meteorological data for the year 2017 due to
availability of necessary resources. For the evaluation of the impact of emission modifications, model
predictions of Scenario 1 (SC1) simulations were compared with the base case (BC) simulations. Besides,
level of agreement between modelled and observed B(a)P concentrations was evaluated for both sets of
modelling results (BC and SC1). Measurements of 12 monitoring sites in Andalusia of different types,
including background urban and suburban, industrial, and traffic sites, were selected for the
comparison. The GLEMOS and CHIMERE models are not specifically designed for the evaluation of
pollution in urban and industrial areas. However, due to the lack of background rural and remote sites in
this area, other types of sites (e.g. urban, industrial, and traffic) were also considered in the comparison
for the analysis of spatial distribution of pollution.

Spatial distributions of annual mean B(a)P air concentrations for the BC and SC1 simulations, carried out
using the CHIMERE model, are shown in the Fig.3.7. Similar results of the GLEMOS model are presented
in the Fig.3.8. Model predictions of the CHIMERE model are slightly higher comparing to the results of
the GLEMOS model, which can be explained by several reasons. The CHIMERE model, applied in for
these simulations, did not consider degradation of B(a)P by ozone. Furthermore, the GLEMOS model
includes parameterization of B(a)P gaseous exchange with underlying surface, whereas in the CHIMERE
model this process was not considered. Besides, some differences in modelling results can be due to
different model setups (e.g. meteorological and geophysical input data). In spite of this, both models
showed similar patterns of B(a)P air concentrations.
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Fig. 3.7. Annual mean B(a)P air concentrations (ng/m’) in 2017 obtained by the CHIMERE model in the BC and SC1
simulations. B(a)P air concentrations observed at monitoring sites® in Andalusia in 2017, are overlaid as coloured
circles in the same scale as modelled values.

a b

Fig. 3.8. Annual mean B(a)P air concentrations (ng/m’) in 2015 obtained by the GLEMOS model in the BC and SC1
simulations. B(a)P air concentrations observed at monitoring sites® in Andalusia in 2015, are overlaid as coloured

circles in the same scale as modelled values.

In Table 3.4 statistical indicators of the agreement between model predictions of B(a)P air
concentrations and measurements are presented. The GLEMOS and CHIMERE models significantly over-
predicted observed B(a)P concentrations in the BC simulations. Besides, the spatial correlation between
the modelled and measured concentrations was low. The over-prediction can be attributed to possible
overestimation of B(a)P emissions from agriculture sector, which is dominating source in this area
according to the national emissions inventory. Low correlation might indicate possible inaccuracies in

the spatial allocation of emissions.

In case of SC1 simulations both models show substantial decrease of modelled B(a)P air concentrations
due to reduction of the burning area and consequently lower emissions from the combustion of cotton
residues. The values of average bias (MFB) and error (MFE) decreased comparing to the BC simulations.

8 Monitoring sites: Moguer (MGR), Principes (PRI) , Sierra Norte (SNT), Villaharta (VLH), Lepanto (LPN), Bailin (BLN), San
Fernando (SFD), Puente M (PNT), Los Barrios (LBR), Carranque (CRQ), Mediterraneo (MDN), Pza del Castillo (PZC), Granada
Norte (GRN).
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Table 3.4. Statistics of the comparison of GLEMOS and CHIMERE modelling results with measurements of B(a)P air
concentrations made at 12 monitoring sites in Andalucia in 2015 and 2017

Model (scenario) ~ Year  Observed, ng/m*>  Modelled, ng/m®>  MFB°, % MFE® % Correlation

CHIMERE (BC) 2017 0.119 0.718 123 123 0.02
CHIMERE (SC1) 2017 0.119 0.370 106 108 0.25
GLEMOS (BC) 2015 0.125 0.255 39 109 -0.05
GLEMOS (SC1) 2015 0.125 0.134 11 96 -0.01

® MFB is mean fractional bias; and MFE is mean fractional error following [Boylan and Russell, 2006].

At the same time, changes in spatial distribution of agricultural emissions did not lead to noticeable
improvements of spatial correlation between model predictions and measurements. In particular, in the
case of the CHIMERE SC1 simulations the spatial correlation was only slightly increased, while no
correlation was obtained in the GLEMOS BC and SC1 simulations.

In Fig.3.9 comparison of monthly mean modelled and observed B(a)P air concentrations is illustrated on
the example of GLEMOS modelling results for three monitoring sites Principes, Lepanto, and Moguer.
The sites are located quite close to the area of cotton agricultural activities. Besides, model predictions
for their locations demonstrated the most pronounced response to the changes of emissions in the
scenario SC1. It is seen that despite significant decrease of modelled values, the overestimation of

observed concentrations for these sites is still significant.
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Fig. 3.9. Modelling results of GLEMOS model with base case and scenario emissions.

Concluding, it can be noted that high B(a)P concentrations, modelled with both GLEMOS and CHIMERE
in southern Spain (Andalucia), might be directly related to the high emissions from burning of
herbaceous crop residues in agriculture. Emission scenario assuming reduction of the burning area for
cotton residues permitted to improve the agreement between model predictions and measurements
for both models. At the same time, the overestimation of observed B(a)P air concentrations for some of
the monitoring sites in the scenario model simulations is still significant. Besides, there is a lack of
spatial correlation between the simulated and measured concentrations. Thus, analysis of B(a)P
pollution levels in this area needs to be continued with application of additional emission scenarios.
Furthermore, results of test model simulations indicate the need of refinement of methodology
applied to the evaluation of the emissions from burning of agricultural residues in Spain.
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