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Non-technical summary 

Scope: Electricity for the Maltese Islands is provided by Enemalta Corporation, the state-owned 

energy utility, which as of 2013 operated two power stations: Marsa (MPS) and Delimara (DPS), 

with a total installed electrical capacity of 720 MW, provided by a mix of conventional steam units, 

gas turbines and a new combined cycle diesel engines block at DPS. In March 2015 MPS has 

been shut down and put on cold standby, pending final decommissioning, while in April 2015 a 200 

MW submarine interconnection to the European grid has been inaugurated commissioned and 

handed over to Enemalta. Enemalta carried out an air dispersion modelling study for DPS in 2011 

as part of the IPPC obligations. However, the revised Delimara IPPC permit requires that this 

dispersion model is updated to reflect changes in the combustion plants and the installation of the 

cable interconnector. This study is a 2-stage process re-assessing, using dispersion models, the 

likelihood of current and future emissions from DPS causing exceedances of the limit and/or target 

values as established in the Ambient Air Quality Regulations of 2010 (Legal Notice 478, 2010), and 

to assess the likelihood of such emissions causing exceedances of any applicable guideline values 

for vanadium, especially but not limited to the most sensitive receptor(s) in the prevailing wind 

direction within a 15 km radius.  

Methodology: The dispersion of pollutants is simulated through a state-of-the-art 3D dynamic 

modelling system, allowing to take into account terrain features, including the presence of the sea, 

real-time meteorological data, the contributions from all main sources present in the domain as well 

from long-range transport, including natural sources. The models are fed by hourly meteorological 

data and, for what concerns power plants emissions, by hour-by-hour emission rates actually 

recorded by the continuous emission monitoring systems installed at the stacks, according to IPPC 

prescriptions. The DPS impact is assessed on the basis of the meteorology of three years (2010-

2011-2012). The 3D modelling framework also considers the contributions from other relevant 

emission sources inside Malta as well from natural sources and long-range transport. 

Measurements: For what concerns the power plants, the information with the maximum level of 

detail on the characteristics of their operating units and the flue gas emitted concentrations has 

been collected from Enemalta and employed for the model application. On most stacks, continuous 

emission monitoring systems (CEMS) are installed to measure hourly concentrations of flue gases, 

and the available data are directly used to calculate the emitted masses an their temporal 

variability.  

Transitional operating conditions: The first phase of the study has addressed the current 

operating conditions, as resulting at the end of year 2013 (a scenario herein referred as 

"transitional operating conditions - TOC"). Consequently, for TOC scenario CEMS data for 2013 

have been used. At Marsa, during year 2013, boilers 3 to 8 (stacks M1 and M2) were not used, 

boilers 7 & 8 (stacks M3 and M4) were still in operation, while the OCGT unit (stack M5) was used 

only for a very limited time. At Delimara, all units were operational, even if not continuously. Due to 

technical problems, from Feb 2012 to Jan 2013 the combined cycle gas turbines (CCGT) were 

switched to the open cycle mode using the bypass stacks (D2 and D3), although for a limited 

number of operating hours, for efficiency reasons. According to IPPC obligations concentrations of 

heavy metals are measured at DPS and MPS by analyzing samples periodically collected at the 
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stacks. For the TOC scenario, measurements made in July-Aug 2013 have been used, modulated 

for modelling application according to the flow rates recorded by CEMS. 

New operating conditions: The second phase of the study has addressed the new operating 

regime of Delimara Power Station, as the result of closure of Marsa Power Station and the 

operation of the interconnector. The related scenario ("new operating conditions – NOC") relies 

on the most recent full set of CEMS data, collected during year 2014, and project them on the 

basis of the operating conditions expected over the whole year as the result of the new 

configuration: boilers used alternately, combined cycle turbines in standby for most of the year, 

apart from the summer peak, open cycle ones used for a limited number of hours, and diesels 

working during different periods over the entire year. Despite the increased use of diesel units, the 

total pollutants emissions resulting from all DPS units combined are lower for NOC scenario than in 

TOC one. 

Other sources: The model application also includes the emissions from most important sources 

which may contribute to local air quality: Valletta Harbour ship, Malta Freeport, Malta International 

Airport, major fuel storage depots (Oil Tanking Malta, San Lucjan Oil Company, 31st March 1979 

Fuel storage, Wied Dalam Depot, Marsa Thermal Treatment Facility, road traffic, fishing activities 

and international shipping routes. There emissions are consistently described using the data of the 

national emission inventory for 2011 officially reported by MEPA to CLRTAP (Convention on Long-

range Transboundary Air Pollution), integrated with additional information: among others, ships 

statistics and movements in M'Xlokk and Valletta harbours from Port Authority and Malta Freeport, 

aircraft movements from the International Airport, the amount of fuel stored in the depots, road 

network features. The emissions from international shipping routes around the Maltese archipelago 

are assigned from the EMEP database. The contribution from long-range sources is taken into 

account through a modelling nesting procedure (zooming), allowing to assign proper boundary 

conditions, ie. background concentrations for chemical species as resulting on an area wider than 

the target domain of analysis. 

Meteorology: The study is carried out using full dynamic and three-dimensional dispersion model, 

requiring as input three-dimensional meteorological fields on hourly basis over the entire 

considered period. This means that to correctly drive simulations, simple ground-based 

meteorological measurements at one or more stations are not sufficient to give a complete view of 

the atmospheric flow dispersing the emitted pollutants. In particular, a correct simulation of the path 

of the hot plumes emitted by the elevated stacks of the power plants requires a coherent 

reconstruction of wind flow, turbulence and temperature fields also at upper atmospheric levels. 

This is realized through a detailed 3D meteorological modeling over the Maltese Island, starting 

from the meteorological output fields operationally produced by the QualeAria Air Quality Modeling 

System, and taking into account Maltese orography and land-use. Data from MEPA continuous 

monitoring stations have been used for model verification, showing that the reconstructed 

meteorological scenario can be considered as reliable, also in accounting for the seasonal 

features. It has to be also noted that the local winds generated by the model from southern sectors 

exhibit lower speeds, thus allowing to perform a more conservative simulation of the dispersion of 

pollutants released from DPS. 

Results for DPS in transitional operating conditions: The dispersion of pollutants released from 

DPS stacks, accounting for the interannual meteorological variability (simulated considering three 

meteorological years) leads to the following results. in the worst conditions the overall maximum 

across the domain can reach 5.8 µg/m3 of NOx. As a consequence of the prevailing winds, such 
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value occurs anyway over the sea SE of the plant. Over land in fact, annual average NOx values 

can exceed 2 µg/m3 inside an area of about 3 km of radius from DPS, and can be above 4 µg/m3 

only for a small area extending up to 500 m SE of the plant. The contribution of DPS alone can be 

responsible in the worst case of no more than a few exceedances over a year of the NO2 hourly 

standard, only over a very small part of the coast at the NE of the power plant. In the case of PM10, 

the results indicate that over land the annual average contribution from DPS are in the worst 

conditions below 0.3 µg/m3. The contribution to PM2.5 concentrations does not exceed 0.15 µg/m3. 

The values are well below the annual limits for PM10 and PM2.5. Over all three meteorological years 

the estimated contribution from DPS to PM10 concentrations never exceed the limit value on 24-

hour average. The simulation results for heavy metals indicate that in the worst conditions over the 

whole domain the annual average concentrations of lead and arsenic are below 0.1 ng/m3, and the 

ones of cadmium below 0.03 ng/m3. In the worst conditions, annual average concentrations of 

nickel can reach the 5-6 ng/m3 range in the immediate surroundings of DPS over Delimara 

peninsula, and progressively go down below 2 ng/m3 at distances of more than 3 km from DPS. So 

for all these heavy metals, the resulting contribution of DPS annual concentrations is below the 

limits. As for vanadium, the yearly maxima of 24-hours average computed concentrations indicated 

that over land the guideline value is likely to be respected. 

Results for DPS in new operating conditions: For NOC the contribution to ambient 

concentrations from DPS emissions scenario has been simulated over the same meteorological 

years of TOC one, making the two scenarios comparable. For each meteorological year, the 

resulting shape of the concentrations spatial patterns for NOC is the same of TOC, while lower 

values of concentration indicators are obtained for NOC, as the result of lower emissions from DPS 

units, considered as a whole. In the case of NOx, in the worst conditions the overall maximum 

concentrations across the domain can reach 4.9 µg/m3, the area over land experiencing annual 

average values exceeding 2 µg/m3 is slightly reduced, and the area where they can exceed 4 

µg/m3 becomes almost negligible. In the worst case, DPS alone is expected be responsible for one 

to two exceedances a year of the NO2 hourly standard over a very limited part of the coast NE of 

DPS. Annual average contribution from DPS to PM10 and PM2.5 concentrations are well below the 

annual limits; contributions for heavy metals are also below the limits, and in the case of vanadium 

the DPS contribution to yearly maxima of 24-hours average concentrations is below the WHO 

guideline value. 

Background contributions: Rural and urban background are estimated through the use of larger 

scale model simulations, including contributions from all other major Maltese sources, as well long-

range transport and natural sources. Rural background for annual average PM10 and PM2.5 

concentrations is estimated from EMEP data as 26.3 and 13.8 µg/m3, respectively, including also 

the contribution from the natural sources which are relevant for Malta (sea salt and Saharan dust). 

According to MEPA, following the method indicated by the European Commission, the contribution 

from sea salt to PM10 is estimated to be 3.1 and 2.7 μg/m3, at the Msida traffic site and Gharb rural 

background site, with maximum reaching 14.5 μg/m3. The Sahara dust contribution to PM10 

concentrations is reassessed in this study, also using a methodology indicated by the European 

Commission, based on the identification of Saharan dust outbreak episodes and on the analysis of 

the time series of PM10 concentration measured by regional background stations; the resulting 

contribution to the PM10 yearly average concentration is estimated as in the 3.5-4.5 μg/m3 range for 

years 2011 and 2012, with episodes ranging between 1.5 and 191 μg/m3, and respectively 18 and 

11 exceedancees of the PM10 daily average concentration limit; a higher number of dust outbreaks 
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is estimated for year 2010, with an corresponding contribution to yearly average concentration 

substantially higher. The urban background is estimated through a 3D photochemical model, run 

over a whole year, fed by hourly meteorology and all the emissions from the Maltese Islands, also 

modulated at hourly level. Figure 72 shows the maps of the urban background estimated for NO2, 

PM10 and PM2.5 (bottom, right). For NO2 annual average concentrations the estimated contribution 

is above 10 µg/m3 around the Valletta and Sliema agglomeration (where it reaches a maximum of 

20 µg/m3) and the airport area, with minima in the northwestern part of Gozo in the order of 1 

µg/m3. PM10 is estimated to be above 3 µg/m3 (2 µg/m3 for PM2.5) over most of Malta island and the 

central part of Gozo, and above 5 µg/m3 (3.5 µg/m3 for PM2.5) over the main urbanized area, where 

the its maximum reaches 8 µg/m3 (near 6 µg/m3 for PM2.5); the minimum values in the northwestern 

part of Gozo are around 1.5 µg/m3 for PM2.5 and 1 µg/m3 for PM2.5. 

The modelling analyses assess the likelihood that respect to the ones from other sources, the 

contribution from DPS in exceeding the limits and targets on ambient concentrations of NO2 and 

metals is limited, and very limited in the case of particulate matter, both in its recent transitional 

configuration as well in the new one resulting from MPS closure and the operation of the 

interconnector. 
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1 Introduction 

Enemalta Corporation, the state-owned energy utility responsible for providing electricity to the 

Maltese Islands, as of 2013 operated two power stations for the production and distribution of 

electricity: Marsa (MPS) and Delimara (DPS), with a total installed electrical capacity of 720 MW. 

The generation plant mix is composed of conventional steam units gas turbine driven plant and a 

new combined cycle diesel engines block. 

According to earlier plans and to the LCP Directive, in March 2015 MPS has been shut down and 

put on cold standby, pending final decommissioning, replaced in stages by: 

i. the new Diesel engine block at DPS, and 

ii. a 200 MW submarine interconnection to the European grid, inaugurated in April 2015. 

The two installations utilize liquid fossil-fuels, namely 0.7%-sulphur residual (heavy) fuel oil (RFO), 

and 0.1%-sulphur gas/diesel oil (GDO). Each installation has fuel unloading and storage facilities. 

Technical specifications of the main parts of the two plants (fuel tanks, boilers, turbines, diesel 

engines, stacks) have been given in the background information section of the tender. 

Continuous Emissions Monitoring Systems allow to monitor dust, SO2, NOx and CO emissions at 

each stack of MPS and of combined-cycle gas turbines and diesel engines of DPS; the open-cycle 

gas turbine stacks of DPS do not have a CEMS. 

The revised Delimara IPPC permit requires that the dispersion modelling study made for DPS in 

2011 as part of the IPPC obligations is updated to reflect changes in the combustion plants at 

Delimara, the shutting down of the Marsa installation, and the installation of the cable 

interconnector with the European grid. 

2 Scope of work 

The scope of this study is a 2-stage process to update the existing study by re-assessing, using 

dispersion models, the likelihood of current and future emissions from DPS causing exceedances 

of the limit and/or target values for NO2, PM10, PM2.5, metals (lead, cadmium, arsenic, nickel) in the 

Ambient Air Quality Regulations of 2010 (Legal Notice 478, 2010), and to assess the likelihood of 

such emissions causing exceedances of any applicable guideline values for vanadium, especially 

but not limited to the most sensitive receptor(s) in the prevailing wind direction within a 15 km 

radius.  

This study consists of two stages: 

 the first stage includes an assessment of the impact from the operation of the diesel 

engines and the partial closure of MPS at the end of year 2013; this scenario is referred in 

the following as "transitional operating conditions (TOC)"; 

 the second stage (mid of year 2015) includes an assessment of the impact of the new 

operating regime of Delimara Power Station, as the result of closure of Marsa Power 

Station and operation of the interconnector; this scenario is referred in the following as 

"new operating conditions (NOC)". 
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Moreover the study includes as well an assessment of the combined influence on background 

concentration levels of the main sources also present in the area: ship movements at Valletta 

harbour, Malta freeport and international airport, and fuel storage depots. 

3 Site description 

3.1 Domains of analysis 

Figures 1 and 2 show aerial photos of Delimara and Marsa power plants and the position of their 

main stacks, while Tables 1 and 2 contain data about each stack: fuel used by the corresponding 

power unit, height from the ground, diameter at the emission point, flue gas temperature at 

maximum load, its nominal flow rate and the corresponding exit speed. Where continuous emission 

monitoring system are available, the speed has then be recalculated on a hourly basis from 

measured flow rates, to better describe real operating conditions. 

 

Figure 1. Stacks of Marsa plant. 

Table 1. Summary of stack characteristics for Marsa power plant. 
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Figure 2. Stacks of Delimara plant. 

Table 2. Summary of stack characteristics for Delimara power plant. 

 

The contribution of the emissions from Enemalta power plants to local air quality levels must be 

assessed also in relationship with the effect from all the other potentially polluting sources, either 

located in Malta or outside. This can be realized through the consistent and combined use of a 

dispersion model at a high resolution, to reconstruct in detail the contribution of the sources of 

main interest (DPS and MPS) and a dispersion model at a relatively lower resolution to describe 

the effects of all the other sources determining background pollution levels, including also long-

range contributions. In this study, a Lagrangian Particle Dispersion Model (LPDM) is used to derive 

the local direct impact of the power plants, while a Eulerian Chemical Transport Model (CTM) is 

used to compute the background levels. The two models are described later in the report.  

The LPDM is applied on a "local domain", chosen in order to describe, with an high level of details, 

the local impact of DPS and MPS on the air quality. The domain cover the southeastern part of 

Malta island, centered around the tow power plants, and it is 16 x 16 km2 wide. Three-dimensional 



Enemalta - Air dispersion modelling of stack emissions 

ARIANET R2015.12  Page 4 

meteorological fields driving dispersion simulations and the resulting pollutants concentrations are 

computed on a grid at the horizontal resolution of 200 m, depicted in Figure 3, having the following 

characteristics: 

 number of cells in x-y direction: 80x80 

 horizontal resolution: 200 m 

 coordinates (expressed in m) of the South-West point in UTM33 (WGS84) projection:  (448500, 

3959500) 

 horizontal dimensions: 16000 x 16000 m2 

 

Figure 3. Domain used to describe in detail the local impact of DPS and MPS with the LPDM 
model, with a grid of 200 m horizontal resolution. 

The CTM is applied on a 50 x 50 km2 outer domain, chosen to describe at a proper level of detail 

the background air quality levels, to be added to DPS and MPS effects. This "background domain" 

cover all Maltese Islands, with a grid of 50x50 cells grid at the horizontal resolution of 1000 m. 

(Figure 4, also showing the position of the inner local domain). The main characteristics of the 

computational grid as follow: 

 number of cells in x-y direction: 50x50 

 horizontal resolution: 1000 m 

 coordinates (expressed in m) of the South West point in UTM33 (WGS84) projection:  (420500, 

3951500) 

 horizontal dimensions: 50000 x 50000 m2 
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Figure 4. Computational grid used to describe the background concentrations through the CTM 
model, covering the entire Maltese Islands with horizontal resolution of 1 km. The inner red 

square represents the localization of the LPDM local domain. 

4 Methodology 

The following paragraphs illustrate in detail how the main components of the modelling study have 

been set up: emission sources, local meteorology and pollutants dispersion. The data sets 

collected for the different activities are also summarized in the Appendix B. 

4.1 Emission sources 

4.1.1 Power plants – Transitional operating conditions (TOC) 

The main goal of this study is evaluate the contribution of Enemalta power plants emissions to 

ambient concentrations, so the information with the maximum level of detail on the characteristics 

of their operating units and the flue gas emitted concentrations has been collected from Enemalta 

and employed for the model application. On most stacks, continuous emission monitoring systems 

(CEMS) are installed to measure hourly concentrations of flue gases, and the available data were 

used to calculate the emitted masses an their temporal variability. For those stacks where CEMS 

are not installed, because of the low height of the stack which would cause false readings due to 

turbulence (Delimara open cycle gas turbines – OCGT), Enemalta calculates the loads through 

emission factors depending on the quantity of burnt fuel, assuming that the operation is the same 

as the gas turbine at Marsa, which is very similar. Most of the installed EMS measure the hourly 

flow rate of the emitted gases, from which the actual exit speed can be determined. The CEMS for 

Delimara's diesel units do not measure the flows, so the authorized flow was used to calculate the 

speed. 
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In accordance with the purpose of the first part of the study, addressing current operating 

conditions at the end of year 2013 (in this report referred as "transitional operating conditions 

(TOC)"), CEMS data for 2013 have been used. The working conditions of each unit are 

summarized in Tables 3 and 4. At Marsa, during year 2013, boilers 3 to 8 (stacks M1 and M2) were 

not used, boilers 7 & 8 (stacks M3 and M4) were still in operation, while the OCGT unit (stack M5) 

was used only for a very limited time. At Delimara, during 2013, all units were operational, even if 

not continuously. Due to technical problems, from Feb 2012 to Jan 2013 the combined cycle gas 

turbines (CCGT) have been switched to the open cycle mode using the bypass stacks (D2 and 

D3). The OCGT mode is much less efficient than the CCGT mode, so the number of operating 

hours is small.  

At the time of the first stage of the study (Nov 2013), only CEMS data until the previous month (Oct 

2013) were available. In order to complete the remaining period, the same working conditions have 

been assumed, so data from the last available month have been replicated to fill the end of the 

year. For most stacks the missing months were November and December, while the boilers in 

Delimara lacked October data as well. For Delimara OCGT units, only the monthly total number of 

operation hours was available: for a conservative impact evaluation the total emissions from those 

units have been arbitrarily modulated in time, assuming the units working for a few hours each 

Monday morning, preserving the total emitted mass. 

The resulting total mass emitted from each stack over year 2013 is also summarized in Tables 3 

and 4.  

In line with a conservative impact assessment, during model calculations all the emitted dust has 

been considered as PM10. According with what reported by the national emission inventory for the 

public power sector (MEPA, 2013), PM2.5 emissions have been estimated on hourly basis as 60% 

of PM10 ones. 
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Table 3. Summary of emission data for Delimara power plant, "transitional operating conditions 
(TOC)" scenario. 

Unit Stack Conditions during 2013
NOx 

(t/yr)

CO 

(t/yr)

SO2 

(t/yr)

Dust 

(t/yr)

Avg. flow 

(Nm³/h)
Data origin

Boiler D1A Worked continuously 635 2.35 1737 59.2 195619 CEMS

Boiler D1B
Worked continuously, 

Feb&Mar reduced use
473 1.48 1324 42.8 174896 CEMS

OCGT D2 Worked only 82 hours 9.96 0.75 0.01
Amount of 

fuel burnt

OCGT D3 Worked only 68 hours 6.95 0.53 0.008
Amount of 

fuel burnt

CCGT D4B

Worked continuously, 

except Jan&May (stop), 

Feb&Mar (reduced use)

204.6 1.26 17.84 0.849 246547 CEMS

CCGT D5B
Worked from Apr (except 

May)
76.9 1.72 13.11 0.045 247449 CEMS

Diesel D6A 108.8 76.46 70.09 5.709 117000
CEMS, except 

flow rate

Diesel D6B 136.6 83.26 72.27 6.874 117000
CEMS, except 

flow rate

Diesel D6C 111.1 78.8 61.52 5.636 117000
CEMS, except 

flow rate

Diesel D6D 117.3 92.26 64.15 5.942 117000
CEMS, except 

flow rate

Worked alternatively, 

over the whole year

 

Table 4. Summary of emission data for Marsa power plant, "transitional operating conditions 
(TOC)" scenario. 

Unit Stack Conditions during 2013
NOx 

(t/yr)

CO 

(t/yr)

SO2 

(t/yr)

Dust 

(t/yr)

Avg. flow 

(Nm³/h)
Data origin

Boiler M1 Decommissioned

Boiler M2 Decommissioned

Boiler M3
Worked from Jan to Apr, 

then Aug to Sep
520 1.68 1140 37.5 242433 CEMS

Boiler M4 Worked since April 533 2.41 1589 77.4 240456 CEMS

OCGT M5 Worked for about 50 hrs 14 0.38 2.8 0.05 784000 CEMS
 

According to the environmental obligations as stipulated in the IPPC permits for the operation of 

the Marsa and Delimara power plants, concentrations of heavy metals are measured by analyzing 

samples periodically collected at the stacks. For the "transitional operating conditions" scenario, 

the most recent available measurements (July-Aug 2013) have been used (Ecoserv and Cada, 

2013), summarized in Table 5. 
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Table 5. Summary of results of analysis for heavy metals from discontinuous stack emissions 
monitoring (ND = Not Detected, levels below the detection limit of 0.001 mg/Nm

3
). 

Plant Unit Stack 
Emission rates [mg/Nm

3
] 

Pb Cd As Ni V 

Marsa Boiler M4 0.004 ND ND 0.1 0.17 

Delimara 

Boilers 
1A 0.01 ND 0.01 0.9 0.56 

1B 0.01 ND 0.004 0.74 0.46 

Diesel 

6A ND ND ND 0.01 0.004 

6B ND ND ND 0.01 0.01 

6C ND ND ND 0.01 0.002 

6D ND ND ND 0.01 0.003 

These emission rates have then been used as input for the model simulations, modulated on a 

hourly basis according to the dust measurements recorded by CEMS, adjusted in proportion of the 

ratio between the flow rate recorded during sampling and the hourly flow rates recorded by the 

CEMS. For a conservative impact assessment, values below the detection limit (0.001 mg/Nm3), 

have been set equal to detection limit. The resulting figures for yearly emissions are summarized in 

Table 6.  

Table 6. Summary of heavy metals yearly emissions (kg) from DPS and MPS. 

Plant Unit Stack Pb Cd As Ni V 

Marsa Boiler M4 6.18 1.55 1.55 154.53 262.69 

Delimara 

Boilers 
1A 25.16 2.52 25.16 2264.26 1408.87 

1B 20.02 2.00 8.01 1481.41 920.87 

Diesel 

6A 1.22 1.22 1.22 12.20 4.88 

6B 1.14 1.14 1.14 11.41 11.41 

6C 1.29 1.29 1.29 12.90 2.58 

6D 1.39 1.39 1.39 13.87 4.16 

4.1.2 Power plants – New operating conditions (NOC) 

The purpose of the second stage of the study addresses the impact of the new operating regime of 

Delimara Power Station, as the result of closure of Marsa Power Station and the operation of the 

interconnector. The related scenario - "new operating conditions (NOC)" – has been set up on the 

basis of the information available at the time of the study (mid of year 2015), summarized for DPS 

in Table 7: 

 the operating conditions expected over the whole year as the result of the new configuration 

have been communicated by Enemalta; 

 those conditions have been translated into assumptions (last column of Table 7) to be applied 

to the latest set of emissions resulting from CEMS data (year 2014), taken as a starting 

reference. 

The resulting total mass emitted from each stack for NOC scenario is summarized in Table 8 and 

9. The other stack parameters, including the average flow, have been kept as in the TOC scenario. 

As with TOC scenario, all the emitted dust has been considered as PM10, and PM2.5 emissions 

have been assumed as 60% of PM10 ones. 
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Table 7. Assumptions related to "new operating conditions (NOC)" scenario for Delimara power 
plant. 

Units Stacks 
Expected operating 
conditions 

2014 conditions  
(CEMS data) 

Assumptions on NOC 
scenario emissions 

Boilers D1A + 
D1B 

One unit is to be kept in 
service, the other is to be 
kept on standby; 
alternated every 2 
months. 

Both units worked 
continuously, except a 
couple of months each 
one 

NEC emissions as 2014 
ones, for the 
corresponding active 
months 

OCGTs D2 + D3 Operations in summer 
very limited, will be put in 
service only for 
emergency 
circumstances or when 
there are high 
unexpected peaks 

One unit worked 
intermittently; the other 
one worked Jul to early 
Nov 

NEC emissions as 2014 
ones 

CCGTs D4B + 
D5B 

Standby for most of the 
time during the year, 
apart from the summer 
peak when the half block 
combined cycle will be 
put in service 

Each unit worked for 67 
months 

NEC emissions as 2014 
ones only for summer 
months (one unit only); 
no emissions during the 
rest of the year 

Diesels D6A + 
D6B + 
D6C + 
D6D 

Working during different 
periods over the entire 
year 

Worked during different 
periods over the entire 
year 

NEC emissions as 2014 
ones 

Table 8. Summary of emission data for Delimara power plant, "new operating conditions 
(NOC)" scenario. 

Unit Stack 
NOx 
(t/yr) 

SO2 
(t/yr) 

Dust 
(t/yr) 

Boiler D1A 337 740 28 

Boiler D1B 337 740 28 

OCGT D2 12.38 1.95 0.01 

OCGT D3 12.38 1.95 0.01 

CCGT D4B 40.8 107.3 0.13 

CCGT D5B 40.8 107.3 0.13 

Diesel D6A 165.4 118.1 7.83 

Diesel D6B 165.4 118.1 7.83 

Diesel D6C 165.4 118.1 7.83 

Diesel D6D 165.4 118.1 7.83 
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Table 9. Summary of heavy metals yearly emissions (kg) from DPS, "new operating conditions 
(NOC)" scenario. 

Plant Unit Stack Pb Cd As Ni V 

Delimara 

Boilers 
1A 25.16 2.52 25.16 2264.26 1408.87 

1B 20.02 2.00 8.01 1481.41 920.87 

Diesel 

6A 1.22 1.22 1.22 12.20 4.88 

6B 1.14 1.14 1.14 11.41 11.41 

6C 1.29 1.29 1.29 12.90 2.58 

6D 1.39 1.39 1.39 13.87 4.16 

4.1.3 Other sources 

To properly assess the actual impact of concentrations produced by the emissions from the power 

plants under study, it is appropriate to consider also the presence of the main other important 

sources and their contribution to local air quality. 

Emission inventories can be developed in different ways, according to the availability of data. On 

one side there is the “bottom-up approach”, needing detailed information on each individual sector 

and source and requiring a great effort, and on the other there is the “top-down approach”, using 

generalized indicators (like population, energy used, total manufacturing jobs) to estimate the 

emissions. The product of emission factors with relevant parameters representing the activity 

levels provides an estimate of the total emissions that can then be allocated on the territory using 

some proxy data. The two approaches are often used together: emissions from specific well-

defined sources for which the necessary information is available and/or are of particular interest 

can be estimated using a bottom-up approach, while all other emissions can be estimated using a 

top-down approach.  

In this study both approaches have been used, as described in the following. 

The most important sources considered for their contribution to local air quality are: 

 Valletta Harbour ship; 

 Malta Freeport; 

 Malta International Airport; 

 fuel storage depots located near DPS: Oil Tanking Malta, San Lucjan Oil Company, 31st March 

1979 Fuel storage (ENEMALTA), Wied Dalam Depot; 

 Marsa Thermal Treatment Facility; 

 road transport on Malta and Gozo network; 

 fishing activities; 

 international shipping routes. 

Emission produced by ships movements in M'Xlokk and Valletta harbours can represent an 

important contribution to local pollutant concentrations, also for their continuity during the year. 

The emissions produced by navigation are a consequence of combusting the fuel in an internal 

combustion (marine) engine. Consequently, the main pollutants are those from internal combustion 

engines. These are CO, VOC, NOx and PM derived from soot which mainly have to do with engine 

technology, and others, like SOx, CO2, heavy metals or further PM (mainly sulphate-derived) 

which originate from the fuel speciation (EMEP/EEA - Air Pollutant Emission Inventory Guidebook 

2013).  
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To compute emissions in detail, it is necessary to know the total number of ships, their engine 

types, gross tonnage (GT), type of fuel employed, the duration of hotelling and maneuvering 

phases at the port. 

The emission for the two ports in question have been estimated on the basis the summary 

statistics about shipping movements provided by Port Authority (extract  in Table 10). Shipping 

movements during the whole year 2012 subdivided in categories have been considered, and then 

combined with statistics about ships types (derived from individual ships identified from the 

information available from the official website of Malta Freeport) and literature data. 

Table 10. Example of data provided by Port Authority. 

 

Applying to those types of ships the emission factors of the EEA methodology, it has then been 

possible to estimate emissions for the different phases of ship movements. The results are 

summarized in Table 11. 

Table 11. Harbour emissions (t/year or kg/year for heavy metals). 

CO NMVOC NH3 NOX TSP SO2 Pb Cd Hg As Cr Cu Ni Se Zn

Valletta waterfront 451 18 0 402 27 2 16 2 3 37 39 109 1689 16 123

M'Xlokk 45 3 0 57 5 0 2 0 0 4 5 13 194 2 14  

In the subsequent modelling phase, harbour emissions have then been assigned to the areas 

shown in blue in Figure 5, and distributed along the vertical dimension allocating 70% of the mass 

in the layer below 20 m over ground, and the remaining 30% in the layer above, in order to account 

for emissions from high chimneys. 
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Figure 5. Valletta and Marsaxlokk ports areas. 

Time modulations for these emissions have been derived from data received from Valletta Port 

Authority and available at the Valletta Cruise Port website (http://www.vallettawaterfront.com). 

Figures 6 and 7 show the resulting yearly and daily modulations, while weekly modulations are 

kept constant, except for ferries, that are active on Sundays only.  

 

Figure 6. Yearly modulation for emissions from ships. 

http://www.vallettawaterfront.com/
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Figure 7. Daily modulation for emissions from ships. 

The emissions produced by aviation come from the use of jet fuel (jet kerosene and jet gasoline) 

and aviation gasoline (used to fuel small piston engine aircraft only) that are used as fuel for the 

aircraft. Consequently, the principal pollutants are those common to other combustion activities, 

i.e. CO2, CO, hydrocarbons and oxides of nitrogen, with SO2 emissions being dependent of the 

level of sulphur in the fuel. Other important species, emitted at relatively low concentrations include 

PM, N2O and CH4 (EMEP/EEA - Air Pollutant Emission Inventory Guidebook 2013). 

For the estimation of the emissions that can affect air quality, the most important phases are the 

landing and take-off cycles, that includes all activities near the airport that take place below a 

height of 3000 ft (914 m). This therefore includes taxi-in and -out, take-off, climb-out and approach-

landing. 

To compute emissions related to Malta International Airport, the starting point has been the 

number of passages registered during year 2012 (Table 12). 
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Table 12. Malta International Airport: extract from Annual Statistical Summary (2012). 

 

Basing on the total number of LTO cycles, the total fuel used has been estimated, multiplying the 

number of LTOs by the fuel use factors for one representative aircraft suggested in the 

methodology and then by the relevant emission factors, to obtain the total emissions. Results are 

reported in Table 13. 

Table 13. Aviation emissions (t/year). 

CO NMVOC NH3 NOX PM10 SO2

Malta International Airport 330.7 14.011 0 232.6 1.962 22.42  

For subsequent model simulation, emissions from the airport have then been allocated to the area 

shown in grey in Figure 8, and distributed in time according to the monthly data reported by Malta 

International Airport  traffic statistics (Table 12). 
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Figure 8. Malta International Airport area. 

Another important emission source in the considered domain is represented by some fuel storage 

depots. For this kind of activity the most important emission is methane, but small quantities of 

NMVOC are emitted as well (Table 14). Emissions have been estimated starting from the total 

amount of fuel, applying an average emission factor that takes into account different fuels and 

different phases of the storage. 

Table 14. Fuel storages emissions (t/year). 

Oil Tanking 

Malta  

San Lucian Oil 

Company 

31st March 

1979 Fuel 

storage

Wied Dalam 

Depot  

NMVOC 14.84 1.19 7.62 0.42  

Emissions from fuel depots have then been allocated to the areas shown in orange in Figure 9. 
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Figure 9. Marsaxlokk fuel depots. 

Atmospheric emissions from vehicular traffic have been assigned over the whole road network 

through a “top-down” approach, starting consistently from aggregated data at country level and 

then disaggregated in space and time.  

The total emissions from on-road transport (Table 15) are included in the national emission 

inventory for 2011 officially reported by MEPA to CLRTAP, the Convention on Long-range 

Transboundary Air Pollution (MEPA, 2013). 

Table 15. Total emissions from on-road transport (t/year). 

Sector NFR Code NOX SOX PM10 CO Pb Cd As Ni 

Passenger cars 1 A 3 b i  734.15 1.07 26.18 9728.75     

Light duty vehicles 1 A 3 b ii  423.76 0.51 100.02 507.43     

Heavy duty vehicles 1 A 3 b iii 1330.01 0.50 43.47 289.79     

Mopeds & motorcycles 1 A 3 b iv  6.70 0.01 2.67 484.15     

Tyre and brake wear 1 A 3 b vi   402.15  3.28 0.01 0.04 0.19 

Road abrasion 1 A 3 b vii   399.81      

Total  2494.62 2.09 974.30 11010.11 3.28 0.01 0.04 0.19 

Since there is still a high level of uncertainty in its estimation, particulate emissions do not take into 

account the contribution of resuspension, ie. the ambient material deposited on the road which can 

be lifted again in the air by the passage of vehicles. The relevance of those emission grows during 

wind calms and dry meteorological conditions, and can be an important aspect to be considered in 

the estimation of PM concentrations in urban area or near major roads.  

Road traffic emissions have then been disaggregated in space on the basis of the road network 

layout, extracted from the Open Street Map project. Basing on the road classification hierarchy, a 

subset of links has been selected, considering only trunk, primary and secondary roads (Figure 

10), and then associating them different weights. This coefficient reflects the road relevance in 

traffic distribution and consequently in the production of atmospheric pollutants emissions.  
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Figure 10. Road sources considered for the spatial distribution of traffic emissions. 

The time modulation used for the temporal disaggregation of traffic fluxes throughout the day has 

been extracted from the National Travel Survey (Transport Malta, 2010) and reflects the analysis 

carried out during 2010, while for weekly distribution different coefficients (derived from other case 

studies) have been applied to working days, Saturday and Sunday. The graphs in Figure 11 show 

the modulation profiles used to distribute the trips during the day and the week. The trend of road 

traffic emissions is assumed to be constant throughout the year. 

   

Figure 11. Daily and weekly modulations considered for the time modulation of road traffic 
emissions. 

Emissions from sea activities have been included from two sources: fishing and international 

shipping. Data for fishing has been obtained from Malta national emission inventory, contained in 

the Annex IV sent yearly from MEPA to UNECE/EMEP, updated to the year 2011 (see Table 16). 

The emissions have been allocated to a buffer area 10 km wide around the Maltese archipelago.  
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Table 16. Emissions from fishing activities (t/year). 

 

Emissions from international shipping routes have been obtained by the EMEP database, which 

provides emissions allocated on 50x50 km2 cells. The emitted mass associated to the intersection 

between the EMEP cells and the modelling domain (see Table 17) was allocated outside a buffer 

area at least 2.5 km wide around the Maltese archipelago, with the exception of two areas of 

approach to Valletta and Marsaxlokk ports, added to account for the stopovers. 

Table 17. Emissions from international shipping routes (t/year). 

 

Emissions from the Marsa Thermal Treatment Facility have been determined from aggregated 

data retrieved from WasteServ Ltd website 

(http://statistics.wasteservmalta.com/scadamonthly.aspx), as data from the plant's CEMS were not 

readily usable (see Table 18). The time modulation was kept constant throughout the year. 

Table 18. Emissions from Malta's incinerator at Marsa (t/year). 

VOC NOx Dust CO Hg As Pb Cr Ni

WasteServ Thermal

Treatment Facility
0.669 7.383 0.186 3.227 0.00042 0.00054 0.00504 0.00142 0.00188

 

 

 

Figure 12. WasteServ Marsa Thermal Treatment Facility. 

http://statistics.wasteservmalta.com/scadamonthly.aspx
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Table 19. Stack data of Marsa Thermal Treatment Facility. 

UTM 33 x 

coord.

UTM 33 y 

coord.

Height

(m)

Diameter

(m)

Temperature

(°C)

Exit speed

(m/s)

454760 3970490 18 0.632 165 7.45  

Finally, all remaining areal sources have been taken from Malta national emission inventory, as 

contained in the Annex IV sent yearly by MEPA to CLRTAP, updated to the year 2011 (MEPA, 

2013). The data by pollutant and sector as summarized in Table 20.  

The total masses have been allocated in space using land-use proxies from the CORINE Land 

Cover 2006 database (see Table 20 and Figure 13) and distributed in time using literature 

modulation profiles. 

Table 20. Emissions from other area sources (t/year). 

 

 

 

 

     

Figure 13. CORINE land cover: 1x1 km relative weight tiles for agricultural land, builtup areas, 
industrial sites. 

4.2 Meteorology 

Both pollutants dispersion models chosen for this study are full dynamic and three-dimensional: to 

correctly drive simulations they requires as input three-dimensional meteorological fields on hourly 

basis over the entire considered period. This means that simple ground-based meteorological 

measurements at one or more stations are not sufficient to give a general view of the atmospheric 
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flow dispersing the emitted pollutants. In particular, a correct simulation of the path of the hot 

plumes emitted by the elevated stacks of the power plants requires a coherent reconstruction of 

wind flow, turbulence and temperature fields also at upper atmospheric levels. This can be realized 

through three-dimensional meteorological modeling over the area of interest, that when made for a 

long enough period, can provide a statistically significant sequences of the needed 3D fields.  

To reach this goal, the meteorological output fields operationally produced by the Air Quality 

Modeling System (AQMS) QualeAria (http://www.aria-net.eu/QualeAria/index_en.html) are used to 

feed a downscaling procedure on the Maltese area. The modeling system has the main aim to 

simulate regional scale air pollution over the Italian peninsula starting from national and European 

emission inventories, synoptic scale weather analysis and global scale air quality levels. It has 

been developed within the research project FUMAPEX, funded by the European Commission 

within the 5th Framework Programme, and the COST Action ES0602 collaboration framework. 

QualeAria implements state-of-the-art techniques to describe physical and chemical processes 

involving pollutants in the atmosphere (e.g. emissions, transport, dispersion, deposition and 

chemical reactions). From the meteorological point of view, QualeAria employs RAMS (Cotton et 

al., 2003) prognostic meteorological model for synoptic weather downscaling and description of 

local scale atmospheric flows, and FARM CTM for pollutants dispersion and transformations. It 

stems also from the experience of MINNI national modelling system, realized by ENEA (National 

Agency for New Technologies, Energy and Sustainable Economic Development) and ARIANET on 

behalf the Italian Ministry of the Environment, to support integrated assessment over the whole 

country, which is based on the same combination of models.  

In QualeAria, the models are applied simultaneously to a background domain including a large 

fraction of continental Europe and the Mediterranean basin and to an inner target area, including 

the whole Italian peninsula and, in his southern part, also the Maltese Islands. The two nested 

domains are depicted in Figure 14. The inner domain is covered with a grid of 12 km horizontal 

resolution. 

 

Figure 14. Computational domains of the QualeAria AQMS. 

http://www.aria-net.eu/QualeAria/index_en.html
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For this study, 3D meteorological and air quality fields produced by QualeAria on hourly basis over 

years 2010-2011-2012 are used. Fields coming from the meteorological prognostic model are 

coherent between lower level and higher level layers, being produced by the same physics, and 

are available for a sufficiently long period to drive pollutants dispersion simulation whose results 

can be compared to local regulatory air quality limits. Moreover, data provided by meteorological 

models are continuous, so no problems arise to cover possible gaps often present in experimental 

databases. 

Figure 15 shows the grid points at 12 km horizontal resolution from which data produced by 

QualeAria simulations are extracted and the used to drive the simulation on the background and 

the local domains considered in this study, including also a number of points located in an external 

frame. 

 

Figure 15. Layout of the meteorological points available from the QualeAria AQMS inside the 
LPDM detailed area (inner square) and CTM background area (outer square). 

The meteorology (mean wind ant turbulence fields) is downscaled on the background domain 

using the GAP/SURFPro diagnostic system (Kukkonen et al., 2012) and on the local domain using 

SWIFT/MINERVE and SURFPro zero-divergence diagnostic models. The models are able to take 

into account horizontal variations induced on meteorological fields by the local inhomogeneities 

generated by surface topography, roughness and land-use characteristics at the different 

considered scales. The adopted approach allows to produce internally consistent 3D 

meteorological fields that reflect both synoptic framework as well terrain morphology, avoiding 

possible hour-by-hour discrepancies that may arise from the direct insertion of ground-based 

stations measurements, often affected by very local features related to scales well below the model 

resolution, or inconsistencies between lower and upper layer features generating local artifacts. 

The resulting meteorological fields are suitable for use with dispersion models, providing that at 

stations locations they exhibit statistical properties that are comparable to the ones of against 

observational data. To be reliable, it is in fact necessary that the information given by the 
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meteorological models define a scenario which is similar to the one captured by measurements; 

this is particularly important for the wind flow, which is the main responsible of the transport of the 

plumes emitted by the different sources considered, especially power plants stacks. 

The meteorological reconstruction on both domain also makes use of CORINE Land Cover (EEA 

Data Service, http://dataservice.eea.europa.eu/dataservice). Those data are used to define a cell-

by-cell surface roughness and the response of the ground to the incoming solar radiation, driving 

both the boundary layer growth and the behaviour of the other scaling variables through the 

parameterization schemes implemented in SURFPro. The CORINE land cover on the two domains 

at 1 km and 200 m horizontal resolution are shown in Figure 16, with the corresponding 

classification table listed in Table 21. The builtup areas are clearly depicted. 

    

Figure 16. CORINE Land Cover for the background domain at 1 km horizontal resolution (left) 
and detailed domain at 200 m horizontal resolution (right); land cover types corresponding to 

classes codes are reported in Table 21. 

Table 21. CORINE Land Cover classification. 

1    Continuous urban fabric

2    Discontinuous urban fabric

3    Industrial or commercial units

4    Road and rail networks and associated land

5    Port areas

6    Airports

7    Mineral extraction sites

8    Dump sites

9    Construction sites

10  Green urban areas

11  Sport and leisure facilities

12  Non-irrigated arable land

13  Permanently irrigated land

14  Rice fields

15  Vineyards

16  Fruit trees and berry plantations

17  Olive groves

18  Pastures

19  Annual crops associated with permanent crops

20  Complex cultivation patterns

21  Land principally occupied by agriculture

22  Agro-forestry areas

23 Broad-leaved forest

24  Coniferous forest

25  Mixed forest

26  Natural grasslands

27  Moors and heathland

28  Sclerophyllous vegetation

29  Transitional woodland-shrub

30  Beaches, dunes, sands

31  Bare rocks

32  Sparsely vegetated areas

33  Burnt areas

34  Glaciers and perpetual snow

35  Inland marshes

36  Peat bogs

37  Salt marshes

38  Salines

39  Intertidal flats

40  Water courses

41  Water bodies

42  Coastal lagoons

43  Estuaries

44  Sea and ocean

1    Continuous urban fabric

2    Discontinuous urban fabric

3    Industrial or commercial units

4    Road and rail networks and associated land

5    Port areas

6    Airports

7    Mineral extraction sites

8    Dump sites

9    Construction sites

10  Green urban areas

11  Sport and leisure facilities

12  Non-irrigated arable land

13  Permanently irrigated land

14  Rice fields

15  Vineyards

16  Fruit trees and berry plantations

17  Olive groves

18  Pastures

19  Annual crops associated with permanent crops

20  Complex cultivation patterns

21  Land principally occupied by agriculture

22  Agro-forestry areas

23 Broad-leaved forest

24  Coniferous forest

25  Mixed forest

26  Natural grasslands

27  Moors and heathland

28  Sclerophyllous vegetation

29  Transitional woodland-shrub

30  Beaches, dunes, sands

31  Bare rocks

32  Sparsely vegetated areas

33  Burnt areas

34  Glaciers and perpetual snow

35  Inland marshes

36  Peat bogs

37  Salt marshes

38  Salines

39  Intertidal flats

40  Water courses

41  Water bodies

42  Coastal lagoons

43  Estuaries

44  Sea and ocean  

http://dataservice.eea.europa.eu/dataservice
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4.2.1 Mesoscale modelling 

Data from MEPA continuous monitoring stations have been used for models verification. Those 

stations collect both meteorological and air quality parameters and are located as depicted in 

Figures 17 and 18. Table 22 reports also the classification of the stations from the point of view of 

air quality.  

Table 22. Location and type of meteorological / air quality continuous monitoring stations. 

Point X-UTM33 (m) Y-UTM33 (m) Type 

Zejtun 458369 3967661 Urban background 

Gharb 427705 3991681 Rural background 

Msida 459963 3972519 Traffic 

Kordin 455871 3970810 Industrial 

 

Figure 17. Location of continuous monitoring stations on Maltese Islands. 
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Figure 18. Detail of the position of Zejtun, Kordin and Msida monitoring stations. 

Looking at the position of the different stations, some preliminary considerations can be made. The 

Gharb station, sited in a rural site far from industrial or urban environments on the Gozo island, 

represents the background flow impacting on the Maltese Islands. Msida and Kordin stations are 

located in two positions that can be easily affected by urban (Msida) or industrial (Kordin) 

structures, not directly resolved at the scale adopted by the modeling system. Measurements at 

the Zejtun station, even if probably not directly affected by local structures, can experience the 

effect of the roughness due to the corresponding built-up area located just North-West of the 

monitoring point, that could generate local decelerations of the low-level wind when the flow is 

coming from northern sectors. Table 23 summarizes the data availability from the stations 

anemometers over the three considered years: 2010, 2011 and 2012. The number of available 

data for Kordin station is too low, so it is excluded from the comparison. 

Table 23. Local wind data availability at different monitoring stations, as % over each year. 

Station Year 2009 Year 2010 Year 2011 

Zejtun 95.8 99.4 96.9 

Gharb 96.8 98.8 71.5 

Msida 96.5 94.2 94.9 

Kordin 16.3 N/A 20.0 

The following figures present the comparison between the wind roses for years 2010 and 2011 

derived from data measured at Gharb, Zejtun and Msida stations and the ones modeled by 

QualeAria system at the same locations. 

Figure 19 and 20 show the comparison between annual measured and modeled wind roses at 

Gharb, respectively for year 2010 and 2011. The comparison evidences very similar behaviors 
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both in terms of speed and direction, with the main flow coming from North-West and a substantial 

absence of directions coming from North to North-East. Looking also at the interannual variability, 

both measurement and model results show winds with generally decreasing speeds in 2011, with a 

smaller number of high speed episodes with respect to 2010. In this respect the QualeAria system 

seems to correctly describe the wind at Gharb, which represents the synoptic flow scarcely 

influenced by the local circulation.  

 

Figure 19. Annual wind rose at Gharb, year 2010: from measured data (left) and from QualeAria 
mesoscale modelling (right). 

 

Figure 20. Annual wind rose at Gharb, year 2011: from measured data (left) and from QualeAria 
mesoscale modelling (right). 

Figure 21 and 22 show the comparison between annual measured and modeled wind roses 

respectively for year 2010 and 2011 at Zejtun, the station closest to the DPS. In this case the 

measurement are more influenced by the local roughness, particularly for directions coming from 
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Nort-West, and shows lower speeds. Also for this station, the QualeAria system correctly captures 

the main structure of the flow, and in fact it is also able to model winds which are lower compared 

to the ones in Gharb. Despite that general coherence, its relatively coarse horizontal resolution (12 

km) does not allow to fully describe the same deceleration process probably induced by local 

roughness patterns, being a subgrid feature for the meteorological model.  

 

  

Figure 21. Annual wind rose at Zejtun, year 2010: from measured data (left) and from QualeAria 
mesoscale modelling (right). 

 

Figure 22. Annual wind rose at Zejtun, year 2011, measured data (left) and from QualeAria 
mesoscale modelling (right). 

Finally, Figures 27 and 27 show the comparison between annual measured and modeled wind 

roses respectively for year 2010 and 2011 at Msida, the urban station located in a high traffic area. 
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Figure 23. Annual wind rose at Msida, year 2010: measured data (left) and from QualeAria 
mesoscale modelling (right). 

 

Figure 24. Annual wind rose at Msida, year 2011: measured data (left) and from QualeAria 
mesoscale modelling (right). 

Data measured at this station show evident local channeling effects, probably due to masking 

processes generated by the obstacles present in the proximity of the station. These effects 

represent a very particular aspect, closely related to the local features of the of the measurement 

site.  

The comparison evidences that from the point of view of the wind flow, the data provided by the 

QualeAria system describe a correct scenario on a statistical basis, comparable with 

measurements at Gharb and Zejtun stations. Some features such as the flow structure at the urban 

site of Msida cannot be reproduced by the modeling system but, representing very local 

characteristics, they should not be represented inside the models at the target scale used in this 

work. 
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4.2.2 Modelling on target domains 

The following figures illustrate some examples of the meteorological fields generated through GAP 

and SWIFT/MINERVE on the background and local domains, then used by pollutants dispersion 

models. 

Figure 25 shows the wind field close to the ground generated at 1 km and at 200 m horizontal 

resolutions in a winter nocturnal case, when the wind blows from the most recurrent direction. The 

high resolution model shows local wind variations over the Maltese Islands due to horizontal 

inhomogeneities of orography and surface roughness, that tend to reduce the speed particularly 

over the urbanized areas. 

Figure 26 shows the wind field close to the ground generated at both resolutions in a winter diurnal 

case, showing a more persistent and homogeneous flow blowing from North-West, with higher 

speeds, partially reduced over the urbanized area. 

Finally, Figures 27 and 28 respectively show a nocturnal and diurnal cases during spring. In the 

first case again the persistent flow from North-West is present but with smaller speeds, while in the 

second one the flow is completely reversed showing directions mainly from South-West, a sector 

that, as indicated by the wind rose in Figure 31, exhibit a relatively large occurrence of higher 

speeds. 

 

Figure 25. Wind fields at 10 m reconstructed on the background (left) and local (right) domains 
at 14/1/2011 01:00 (local time); wind vectors are colored according to the color scale for speed 

reported on the right (m/s). 
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Figure 26. Wind fields at 10 m reconstructed on the background (left) and local (right) domains 
at 15/1/2011 13:00 (local time). 

 

Figure 27. Wind fields at 10 m reconstructed on the background (left) and local (right) domains 
at 19/4/2011 01:00 (local time).  
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Figure 28. Wind fields at 10 m reconstructed on the background (left) and local (right) domains 
at 21/4/2011 13:00 (local time). 

Figure 29 shows an example of the air temperature fields close to the ground for the two domains. 

Results at finer resolution contain more details, mainly related to the topographical structure of the 

island, which can be better represented than in the background domain.  

 

Figure 29. Air temperature field close to the ground reconstructed on the background (left) and 
local (right) domains at 21/4/2011 13:00 (local time). 

The following figures illustrate the comparison between the data measured by the anemometer of 

the Zejtun station (the one closest to DPS, most significant for pollutants dispersion) and the data 

at the same location extracted from the wind fields reconstructed on the local domain.  

Figure 30 shows the comparison between the measured wind rose and the one reconstructed by 

SWIFT model: the behavior is quite similar to the one of QualeAria system (Figure 22).  

Further insights can be obtained examining the comparison by season for year 2011: Figures 31, 

32, 33 and 34 show wind roses respectively for spring (Mar-Apr-May), summer (Jun-Jul-Aug), 

autumn (Sep-Oct-Nov) and winter (Dec-Jan-Feb). The behaviors of experimental and modeled 

winds are very similar. During spring, both of them show the dominance of wind sectors from 
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North-West, as well as non-negligible contributions from East and especially South-East. The local 

winds generated by the model from southern sectors exhibit lower speeds, thus allowing to perform 

a more conservative simulation of the dispersion of pollutants released from DPS. In summer, the 

southeastern component is still present but is less important, and speeds are slower. In autumn, 

southeastern flow becomes more pronounced than northeastern one, and is also characterized by 

higher speeds. Finally, during winter the component from South-East totally disappears, in 

measurements as well in simulations.  

The seasonal analysis reinforce the fact that the reconstructed meteorological scenario can be 

considered as reliable. 

 

Figure 30. Annual wind rose at Zejtun, year 2011: from measured data (left) and modeled by 
SWIFT (right). 

 

Figure 31. Wind rose at Zejtun, spring 2011: from measured data (left) and modeled by SWIFT 
(right). 
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Figure 32. Wind rose at Zejtun, summer 2011: from measured data (left) and modeled by SWIFT 
(right). 

 

Figure 33. Wind rose at Zejtun, autumn 2011: from measured data (left) and modeled by SWIFT 
(right). 
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Figure 34. Wind rose at Zejtun, winter 2011: from measured data (left) and modeled by SWIFT 
(right). 

Hourly wind and temperature 3D fields over complex terrain generated by GAP and SWIFT models 

are then passed to the SURFPro, to produce corresponding 2D inhomogeneous hourly fields of 

turbulence scale parameters of the surface and planetary boundary layers, to be used by 

dispersion models to describe the atmospheric diffusivity. SURFPro generates hourly 2D fields of 

the friction velocity u*, Monin-Obukhov length L, mixing height Hmix, convective velocity scale w*, 

surface roughness z0 starting from: 

 wind close to ground  

 vertical temperature profiles 

 total cloud cover available from the QualeAria system simulations 

 CORINE Land Cover over the target domain 

To give an example of the fields of turbulence variables generated by SURFPro, Figures 35, 36, 37 

and 38 shows 2D fields over both domains of u*, L, Hmix, and w* respectively, relative to 21/4/2011 

13:00. Variables on the maps describe the situation of a spring sunny day, with unstable 

convective conditions over the ground and the growth of a relatively high PBL internal to the coast. 

Larger values of u* are present mainly over the urban regions of the islands, where also the 

maximum of the PBL levels are developed. The local domain shows the presence of more details 

as a consequence of the finer resolution adopted. 
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Figure 35. Example of u* fields at 21/4/2011 13:00 (local time): on background domain at 1 km 
horizontal resolution (left), and local domain at 200 m horizontal resolution (right). 

 

Figure 36. Example of L fields at 21/4/2011 13:00 (local time): on background domain at 1 km 
horizontal resolution (left), and local domain at 200 m horizontal resolution (right). 
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Figure 37. Example of Hmix fields at 21/4/2011 13:00 (local time): on background domain at 1 km 
horizontal resolution (left), and local domain at 200 m horizontal resolution (right). 

 

Figure 38. Example of w* fields at 21/4/2011 13:00 (local time): on background domain at 1 km 

horizontal resolution (left), and local domain at 200 m horizontal resolution (right). 

Hourly meteorological fields have been produced on the background domain for the entire year 

2011, while on the local domain they have been generated over the three full years (2010-2011-

2012) to properly take into account the effect of inter-annual variability on dispersion of pollutants 

released from the power plants. 

4.3 Dispersion modelling 

Pollutants dispersion modelling has been carried out through ARIA Industry and ARIA Regional, 

two integrated software suites for atmospheric dispersion modelling. The embedded dispersion 

models are able to cater, among other things, all the requirements given for this study: 

 simple, intermediate and complex terrain, including over stretches of sea; 
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 the ability to use real-time meteorological data and ambient (background) pollutant 

concentrations for prediction of emissions; 

 continuous release modelling (depending on inputting of stack height, plume parameters, 

temperature, etc.); 

 screening of continuous or single releases in simple or complex terrain; 

 industrial source complex modelling; 

 graphics system for illustration of modelling results. 

The dispersion modeling related to DPS and MPS have been carried out with SPRAY, a 3D 

dynamic Lagrangian particle-based dispersion model.  

SPRAY is in fact designed to simulate the dispersion of airborne gaseous or particle pollutant 

released, either continuously or intermittently, from by point, line, area or volume sources, taking 

into account the spatial and temporal inhomogeneities of both the mean flow and turbulence.  

The behavior of the airborne pollutants is simulated through “virtual particles” whose mean 

movement is defined by the local wind, while the dispersion is determined by velocities obtained as 

solution of Lagrangian stochastic differential equations, able to reproduce the statistical 

characteristics of the turbulent flow. Different portions of the emitted plumes can therefore 

experience different atmospheric conditions, allowing more realistic reproductions of complex 

phenomena (low wind speed conditions, strong temperature inversions, flow over topography, 

presence of terrain discontinuities such as land-sea or urban-rural), hard to simulate with more 

traditional approaches like the steady-state Gaussian one (traditional / hybrid straight-plume 

models or puff models). 

Being able to fully model dynamic emission and pollutants dispersion, in the application to DPS 

and MPS SPRAY has been directly fed with the hourly data recorded by the continuous emission 

monitoring systems (CEMS) that are in place. This add another degree of realism, allowing to 

directly consider transients in plants operating conditions and extreme events.  

The background concentrations, including long-range transboundary sources, have been 

computed with FARM, a three-dimensional Eulerian model that accounts for the transport, 

chemical conversion and deposition of atmospheric pollutants, considering the contribution from all 

sources in a given geographic domain and, through pollutants boundary conditions, from the a 

wider area. FARM can be used for impact assessment studies, operational forecasting, yearly air 

quality evaluations and policy scenarios assessment respect to EU legislation. 

The Appendix includes a description of both models, with full list of scientific references. 

5 Dispersion models results 

5.1 Delimara Power Station  

To proper consider the effect of interannual meteorological variability in assessing the contribution 

from DPS to ambient concentrations, dispersion of pollutants released from DPS stacks has been 

simulated considering three meteorological years, 2010, 2011 and 2012. This has been repeated 

for both scenarios of DPS emissions: TOC and NOC. 

 In the following, for each scenario the maps of the concentration indicators which are relevant 

for the limit and target values are reported:NOx annual average concentrations; 
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 number of exceedances of the hourly standard for NO2 concentrations (200 µg/m3) over a 

whole year; 

 PM10 and PM2.5 annual average concentrations; 

 annual average concentrations for lead, arsenic, cadmium, nickel; 

 yearly maxima of 24-hours average concentrations of vanadium. 

For a given indicator are reported the individual maps for each meteorological year considered. 

5.1.1 TOC scenario 

Figures 40-48 show the maps of the concentration indicators resulting from DPS emissions in the 

transitional operating conditions. 

For a rather conservative assessment, NOx concentrations can be compared against the NO2 

annual limit value for the protection of human health (40 µg/m3). The results over the three 

meteorological years (Figure 40) indicate that in the worst conditions the overall maximum across 

the domain can reach 5.8 µg/m3 of NOx. As a consequence of the prevailing winds, such value 

occurs anyway over the sea SE of the plant. Over land in fact, annual average NOx values can 

exceed 2 µg/m3 inside an area of about 3 km of radius from DPS, and can be above 4 µg/m3 only 

for a small area extending up to 500 m SE of the plant.  

Using NOx hourly concentrations to compare against the NO2 hourly standard (200 µg/m3, not to be 

exceeded more than 18 times in any calendar year) usually gives unrealistic results, so NO2 are 

also estimated. The percentage of NO and NO2 in the NOX mixture in atmosphere varies according 

to, among the others, the site, the meteorology and the distance from the main sources. Besides, 

NO continuously transforms into NO2 due to solar radiation and the presence of ozone and the 

inverse transformation is performed as well in a dynamic equilibrium state. For a given area, time 

series of experimental data of the two components can be used to calculate the coefficients of an 

interpolating curve (Derwent and Middleton, 1996; Dixon et al., 2000; FAIRMODE document, 

http://acm.eionet.europa.eu/reports/ETCACM_TP_2011_15_FAIRMODE_guide_modelling_NO2), 

expressing the hourly average values of NO2 as a function of the known values of the NOx 

concentrations. In this study the relationship between these two pollutants is derived from the 

analysis of the hourly measured values of NO2 and NOx for the years 2010-2011 at the Msida 

monitoring station. Figure 39 shows the experimental values of NOx and NO2 (blue symbols) 

collected at Msida and the estimated curve interpolating them. This function is used to estimate the 

NO2 concentration starting from NOx calculated values.   

http://acm.eionet.europa.eu/reports/ETCACM_TP_2011_15_FAIRMODE_guide_modelling_NO2
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Figure 39. NO2 vs. NOX hourly concentration values measured at Msida monitoring station 
during years 2010-11 and the function interpolating them. 

The maps (Figure 41) of the resulting number of exceedances of the hourly standard over each 

meteorological year indicate that the contribution of DPS alone can be responsible in the worst 

case of no more than a few exceedances over a year only over a very small part of the coast at the 

NE of the power plant. 

In the case of PM10, the results over the three meteorological years (Figure 42) indicate that over 

land the annual average contribution from DPS in the worst conditions are below 0.3 µg/m3. The 

contribution to PM2.5 concentrations does not exceed 0.15 µg/m3 (Figure 43).  The values are well 

below the annual limits for PM10 and PM2.5 (40 and 24 µg/m3, respectively). 

Over all three meteorological years the estimated contribution from DPS to PM10 concentrations 

never exceed the limit value on 24-hour average (50 µg/m3, not to be exceeded more than 35 

times in any calendar year). 

The simulation results for heavy metals indicate that in the worst conditions over the whole domain 

the annual average concentrations of lead and arsenic are below 0.1 ng/m3, and the ones of 

cadmium below 0.03 ng/m3. In the worst conditions, annual average concentrations of nickel can 

reach the 5-6 ng/m3 range in the immediate surroundings of DPS over Delimara peninsula, and 

progressively go down below 2 ng/m3 at distances of more than 3 km from DPS. So for all these 

heavy metals, the resulting contribution of DPS annual concentrations is below the limits (0.5 

µg/m3 for lead, and respectively 6, 5 and 20 ng/m3 for arsenic, cadmium and nickel). 

No limit or target values are currently in force for vanadium, so the yearly maxima of 24-hours 

average concentrations have been computed (Figure 48), to be compared against the guideline 

value indicated by WHO for that averaging period (1 µg/m3). In the worst conditions, the yearly 

maxima of 24-hours average concentrations computed over land are slightly above 1 µg/m3 over a 

small area in the surroundings of DPS, so below the guideline value. 
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Figure 40. Annual average NOx concentrations from DPS in transitional operating conditions, according to meteorology of year 2010, 2011, 2012 (left, 
centre, right). 

       

Figure 41. NO2 concentrations from DPS in transitional operating conditions: number of exceedances of the hourly standard (200 µg/m
3
) over a whole 

year, according to meteorology of year 2010, 2011, 2012 (left, centre, right). 
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Figure 42. Annual average PM10 concentrations from DPS in transitional operating conditions, according to meteorology of year 2010, 2011, 2012 (left, 
centre, right). 

        

Figure 43. Annual average PM2.5 concentrations from DPS in transitional operating conditions, according to meteorology of year 2010, 2011, 2012 (left, 
centre, right). 
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Figure 44. Annual average concentrations of lead from DPS in transitional operating conditions, according to meteorology of year 2010, 2011, 2012 
(left, centre, right). 

        

Figure 45. Annual average concentrations of arsenic from DPS in transitional operating conditions, according to meteorology of year 2010, 2011, 2012 
(left, centre, right). 
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Figure 46. Annual average concentrations of cadmium from DPS in transitional operating conditions, according to meteorology of year 2010, 2011, 
2012 (left, centre, right). 

        

Figure 47. Annual average concentrations of nickel from DPS in transitional operating conditions, according to meteorology of year 2010, 2011, 2012 
(left, centre, right). 
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Figure 48. Yearly maxima of 24-hours average concentrations of vanadium from DPS in transitional operating conditions, according to meteorology of 
year 2010, 2011, 2012 (left, centre, right). 
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5.1.2 NOC scenario 

Figures 49-57 show the maps of the concentration indicators resulting from DPS emissions in the 

new operating conditions (NOC), following the same approach used for TOC scenario. For each 

meteorological year, the resulting shape of the concentrations spatial patterns for NOC is the same 

of TOC, since the underlying meteorology is the same. On the other side as a general result, the 

lower emissions of NOC scenario, compared with TOC scenario ones, are reflected in lower values 

of concentration indicators. 

The results over the three meteorological years indicate that in the worst conditions the overall 

maximum of NOx concentrations across the domain can reach 4.9 µg/m3 of NOx (Figure 49). Over 

land, the area experiencing annual average NOx values exceeding 2 µg/m3 is slightly reduced, 

while the area where they can exceed 4 µg/m3 becomes almost negligible. 

Hourly NO2 concentrations have been estimated from the corresponding simulated NOx values 

using the same methodology employed for TOC scenario. The resulting maps (Figure 50) indicate 

that in the worst case the NO2 hourly standard (200 µg/m3, not to be exceeded more than 18 times 

in any calendar year) is exceeded one or two times a year over a very limited part of the coast NE 

of DPS. 

Also in the case of NOC scenario, the annual average contribution from DPS to PM10 and PM2.5 

concentrations are well below the annual limits, with values over land in the worst conditions 

respectively below 0.25 µg/m3 and 0.14 µg/m3. (Figures 51-52), and DPS contribution to PM10 24-

hour average concentrations over all three meteorological years never exceed the limit value (35 

times in any calendar year). 

As for heavy metals, annual average concentrations of lead and arsenic in the worst conditions are 

respectively below 0.08 ng/m3 and 0.024 ng/m3 over the whole domain (Figures 54-55), while the 

area in the immediate surroundings of DPS over Delimara peninsula where annual average 

concentrations of nickel can reach the 5-6 ng/m3 range (Figure 56) is slightly reduced, respect to 

TOC scenario. So also for NOC scenario, the resulting contribution of DPS to annual 

concentrations of arsenic, cadmium and nickel is below the limits. 

The DPS contribution to yearly maxima of 24-hours average concentrations of vanadium (Figure 

57) even in the worst conditions is below the WHO guideline value for that averaging period (1 

µg/m3).
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Figure 49. Annual average NOx concentrations from DPS in new operating conditions, according to meteorology of year 2010, 2011, 2012 (left, centre, 
right). 

             

Figure 50. NO2 concentrations from DPS in transitional operating conditions: number of exceedances of the hourly standard (200 µg/m
3
) over a whole 

year, according to meteorology of year 2010, 2011, 2012 (left, centre, right). 
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Figure 51. Annual average PM10 concentrations from DPS in new operating conditions, according to meteorology of year 2010, 2011, 2012 (left, centre, 
right). 

        

Figure 52. Annual average PM2.5 concentrations from DPS in new operating conditions, according to meteorology of year 2010, 2011, 2012 (left, centre, 
right). 
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Figure 53. Annual average concentrations of lead from DPS in new operating conditions, according to meteorology of year 2010, 2011, 2012 (left, 
centre, right). 

       

Figure 54. Annual average concentrations of arsenic from DPS in new operating conditions, according to meteorology of year 2010, 2011, 2012 (left, 
centre, right). 
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Figure 55. Annual average concentrations of cadmium from DPS in new operating conditions, according to meteorology of year 2010, 2011, 2012 (left, 
centre, right). 

       

Figure 56. Annual average concentrations of nickel from DPS in new operating conditions, according to meteorology of year 2010, 2011, 2012 (left, 
centre, right). 
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Figure 57. Yearly maxima of 24-hours average concentrations of vanadium from DPS in new operating conditions, according to meteorology of year 
2010, 2011, 2012 (left, centre, right). 
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5.2 Background contributions 

5.2.1 Rural background 

NO2 rural background is evaluated through QualeAria modelling system, ran over whole year 2011 

at 12 km resolution. The annual average concentrations are depicted in Figure 58. Calculated 

values are in the 7-8 µg/m3 range in the northeastern part of Malta island and in the 5-6 µg/m3 

range in its southwestern part. 

 

Figure 58. Annual average NO2 concentrations for year 2011 simulated by QualeAria. 

For PM rural background, the data from EMEP model at 50 km resolution are used, that include 

also the contribution from the natural sources which are relevant for Malta (sea salt and Saharan 

dust). Figure 59 shows the annual average PM10 and PM2.5 concentrations computed for year 

2011; over Malta the calculated values are respectively 26.3 and 13.8 µg/m3 

(http://www.emep.int/mscw/index_mscw.html). 

    

Figure 59. Annual average PM10 (left) and PM2.5 (right) concentrations for year 2011 (data 
source: EMEP/MSC-W). 

EMEP model data contributions of PM in Malta (Figure 60) indicate that over 85% of rural 

background concentrations comes from sources outside Malta, with the largest fraction coming 

from emissions related to international navigation in the Mediterranean. 

http://www.emep.int/mscw/index_mscw.html
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Figure 60. Main contributors to background concentrations of PM2.5 (left) and PMcoarse in Malta 
(EMEP, 2012). 

5.2.2 Natural sources 

Due to its geographic position in central Mediterranean, Malta is frequently exposed to dust 

transported by air masses advected from the African continent, as well as from particles originating 

from sea spray.  

According to source apportionment analyses of the PM10 fraction conducted by MEPA on data 

collected since 2007 from a rural background site, not affected or minimally affected by 

anthropogenic contributions from the agglomeration, a minimum of 8% of the PM10 fraction is 

generated by mineral dust events, while another 8% is generated from sea salt (MEPA, 2010). 

With this respect, the current European legislation (Directive 2008/50/EC) gives to Member States 

the possibility to subtract the contribution of natural sources from the measured PM10 

concentrations. The guidelines to demonstrate and subtract the natural contribution to local air 

quality measurements have been later published by European Commission (European 

Commission, 2011).  

Following the method indicated by the guidance (European Commission, 2009) the contribution 

from sea salt has been estimated from chloride and sodium concentrations measured during year 

2008 from a total of 38 low-volume PM10 sampler filters collected at the Msida traffic site and 

Gharb rural background site. The resulting average sea salt concentrations at Msida and Gharb 

are 3.1 and 2.7 μg/m3, respectively, with maximum reaching 14.5 μg/m3 (MEPA, 2010b). 

The Sahara dust contribution to PM10 concentrations has been reassessed in this study. The 

methodology outlined to evaluate desert dust contribution to the PM concentrations is based on the 

subjective identification of Saharan dust outbreak episodes and on the analysis of the time series 

of PM10 concentration measured by regional background stations, as originally proposed by 

Escudero et al. (2007). 

The Sahara dust contribution has been calculated for all the three meteorological years that were 

used in the model simulations. Monitoring data available for year 2011 have been analyzed during 

the first stage of the study, while during the second stage the calculation has been extended to 

year 2010 and 2012.  



Enemalta - Air dispersion modelling of stack emissions 

ARIANET R2015.12  Page 52 

 

Figure 61, 62 and 63 show the PM10 measurements from continuous monitoring stations available 

at Malta for years 2010, 2011 and 2012, as time series of daily average concentrations. Gharb, 

Kordin, Zeijtun and Msida stations are classified respectively as "rural background", "suburban 

background", "urban industrial" and "urban traffic". Their classification is also confirmed by the 

comparison of PM10 measured concentrations values, showing the lowest values in Gharb and the 

highest ones in Msida. Gharb measurements show higher PM concentration during summer 

months, as it is common for stations exposed mainly to regional background concentrations in the 

southern Mediterranean basin and receiving a relevant contribution from natural aerosol sources. 

Otherwise, the urban station of Msida shows a different PM concentration seasonal trend, with 

higher values during winter, of possible local anthropogenic origin, and concentrations slightly 

higher than Gharb background values during summer. This behavior of PM concentrations is 

clearly observable during years 2011 and 2012, while it is masked by the frequent short-term high 

concentration episodes recorded in 2010. The yearly average PM10 concentrations ranged 

between 25 and 45 μg/m3 (with the only value larger than 40 μg/m3 recorded at the Msida station in 

2010), while short-term episodes occur at all stations, causing high concentrations exceeding the 

air quality limit for PM10 daily average. It can be observed that the episodes giving rise to the 

highest concentrations occur often simultaneously at all the monitoring stations, suggesting a 

possible common cause, as e.g. the long-range transport of aerosol of natural or anthropogenic 

origin. Kordin and Zeijtun stations have a percentage of valid data respectively of about 11% and 

88% for year 2010, 50% and 60% for year 2011 and 50% and 34% for year 2012, therefore they 

have not been used for desert dust impact analysis. 

To identify the desert dust outbreak episodes occurred during years 2010, 2011 and 2012, the 

following sources of information have been analyzed: 

 synoptic meteorological reanalyzes charts (http://www.wetterzentrale.de/); 

 back-trajectories of the daily air masses at 12 h, as provided by the HYSPLIT model 

(http://ready.arl.noaa.gov/HYSPLIT_traj.php); 

 maps of aerosol index of Ozone Monitoring Instrument (OMI) and maps of the Aerosol 

Optical Depth (AOD) from Moderate Resolution Imaging Spectroradiometer (MODIS), 

obtained at https://ozoneaq.gsfc.nasa.gov/data/aerosols/ and 

http://giovanni.gsfc.nasa.gov/giovanni/); 

 concentration maps produced by desert dust transport models SKIRON from the University 

of Athens (http://forecast.uoa.gr) and BSC-DREAM from the Barcelona Supercomputing 

Center (http://www.bsc.es/earth-sciences/mineral-dust-forecast-system/bsc-dream8b-

forecast); 

 PM2.5 and PM10 concentrations measured at the rural background station of Gharb. 

http://ready.arl.noaa.gov/HYSPLIT_traj.php
http://giovanni.gsfc.nasa.gov/giovanni/
http://forecast.uoa.gr/
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Figure 61. PM10 daily average concentrations measured by Malta air quality network stations 
during year 2010 (the maximum of the vertical axis, as also in the following figures, is limited to 

200 µg/m
3
 for readability). 

 

Figure 62. PM10 daily average concentrations measured by Malta air quality network stations 
during year 2011. 
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Figure 63. PM10 daily average concentrations measured by Malta air quality network stations 
during year 2012. 

The Saharan dust outbreak episodes identified for years 2010, 2011 and 2012 are marked in 

Figures 64, 65 and 66 by the periods covered by gray bars. Their analysis shows that all the 

elevated concentration episodes recorded during the considered years occurred under 

atmospheric circulation conditions causing desert dust advection. Furthermore, the PM2.5/PM10 

ratio computed for years 2011 and 2012 shows that during desert dust episodes a decrease of the 

fine PM fraction has been observed. During days characterized by concentrations higher than 80 

μg/m3, the fine fraction of PM10 decreased in fact to values lower than 40%, indicating the probable 

natural origin of the aerosol. This features of measured PM concentrations is not clearly 

observable for year 2010, when the fine-to-coarse PM ratio showed values and time behavior that 

are different from the corresponding ones recorded during the other two years. The largest number 

of Sahara dust advection episodes has been identified during year 2010, when also the 

concentration levels occurred during the episodes resulted larger than those observed during the 

following years. The number of episodes identified for year 2012 is larger than the one of 2011, but 

their impact has been less intense in term of PM concentration peak values recorded by Malta 

monitoring network.  

Two major dust episodes are illustrated in details in the following, to describe the advection 

conditions causing the major episodes and provide examples of the analysis method employed.  

Figures 67 and 68 report the dust outbreak episodes occurred on 27-30/01/2011 and 13-

18/03/2011. These two periods have been characterized by the highest PM10 concentrations 

measured in both Malta and Gozo islands during year 2011. On 27/01/2011, model results indicate 

very high dust concentration over north-western Africa, in particular over Algeria, Tunisia and 

Libya. The back-trajectories indicate that dust is advected towards Malta from southern Tunisia 
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and the western Sirte gulf, as clearly confirmed by the dust plumes motion visible in the MODIS 

AQUA image (Figure 67). The presence of dust over the Mediterranean Sea surrounding Malta is 

confirmed by the AOD produced by the analysis of MODIS images. During the second period (13-

18/03/2011) the movement of a low pressure system across the western Mediterranean basin 

caused advection of Saharan dust over large part of the Mediterranean Sea and southern Europe, 

as shown by the average MODIS AOD for 14-16/03/2011 (Figure 68). The direct impact of the dust 

plume over Malta on 15/03/2011 (characterized by the highest PM10 daily average concentrations 

measured during 2011, reaching 323 μg/m3 in Msida) is shown by the plume shape indicated by 

OMI Aerosol Index and by the dust forecast models concentration maps.  The back-trajectories 

calculated by the HYSPLIT model indicate that the path of air masses reaching Malta from desert 

areas spanned the Libya and Tunisia coastal area from eastern to western Sirte gulf at different 

heights over the sea level. 

  

  

Figure 64. PM10 daily average concentrations (red line) and PM2.5/PM10 concentrations ratio 
(blue line) from measurements at Gharb station during year 2010, with superimposed (gray 

bars) the identified Saharan dust outbreak episodes. 
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Figure 65. PM10 daily average concentrations (red line) and PM2.5/PM10 concentrations ratio 
(blue line) from measurements at Gharb station during year 2011, with superimposed (gray 

bars) the identified Saharan dust outbreak episodes. 

 

Figure 66. PM10 daily average concentrations (red line) and PM2.5/PM10 concentrations ratio 
(blue line) from measurements at Gharb station during year 2012, with superimposed (gray 

bars) the identified Saharan dust outbreak episodes. 
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Figure 67. Average 550 nm Aerosol Optical Depth from MODIS-AQUA measured on 27/01/2011 
(upper left panel); MODIS-AQUA image on 27/01/2011 (upper right panel); three days back-

trajectories from HYSPLIT model for 27/01/2011 (lower left panel) and surface dust 
concentration forecast for 27/01/2011 at 12:00 UTC from BSC-DREAM model (lower right panel). 
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Figure 68. Average 550 nm Aerosol Optical Depth from MODIS-AQUA measurements on 14-
16/03/2011 (upper left panel); OMI Aerosol Index for 15/03/2011 (upper right panel); three days 

back-trajectories from HYSPLIT model for 15/03/2011 (lower left panel) and surface dust 
concentration forecast for 15/03/2011 at 12:00 UTC from BSC-DREAM model (lower right panel). 

Another short but very intense Sahara dust outbreak episode occurred on 10 March 2012, when 

dust was blown off the northern coast of Africa and over the Mediterranean Sea. The MODIS 

instrument on NASA’s Terra satellite captured this event (Figure 69). The dust plumes blew off the 

coast of both eastern and western Libya. The eastern plume can be clearly observed in nearly 

clear sky conditions while the western plume appears mingled with clouds northwest of Tripoli. The 

main path of the dust plume is confirmed by both DREAM model results and by the back 

trajectories computed by HYSPLIT model (Figure 69). The AOD map computed from the MODIS 

observations illustrates the presence of aerosol over the Mediterranean basin from 10 to 11 March 

2012. It is worth mentioning that the area between Sicily and Tunisia does not show high AOD 

values due to the masking effect of clouds, as can be seen from the MODIS image. The 

atmospheric circulation condition driving the dust advection is described by GFS model 

meteorological analyses, which illustrates the presence of an intense closed pressure minimum 

centered on the border between Tunisia and Libya on 10 March 2012 at 00:00 (Figure 70). PM10 
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concentrations measured in Malta on 10 March 2012 ranged from 191 μg/m3 at Zejtun to 286 

μg/m3 at Msida monitoring stations. 

A less intense but longer lasting episode occurred between 28 October and 2 November 2012, 

when a deep and persisting low-pressure trough remained located over the western 

Mediterranean, between Spain, Morocco and Algeria, favoring dust transport in northeastward 

direction. Satellite observations clearly show a dust plume crossing the Mediterranean Sea over 

Southern Italy with maximum concentrations occurring over the Sicily channel, the Sirte gulf and 

the Ionian Sea (Figure 71). Dream model forecast and HYSPLIT back trajectories clearly indicate 

the plume path carrying dust from Algeria and Libya desert regions towards Malta. Maximum PM10 

concentrations have been recorded in Malta on 29 November 2012 ranging from 47 μg/m3 in 

Kordin to 74 μg/m3 in Zejtun. 

 

 

Figure 69. Average 550 nm Aerosol Optical Depth from MODIS-TERRA measured on 10-
11/03/2012 (upper left panel); MODIS-TERRA image on 10/03/2012 (upper right panel); three 

days back-trajectories from HYSPLIT model for 10/03/2012 (lower left panel) and surface dust 
concentration forecast for 10/03/2011 at 12:00 UTC from BSC-DREAM model (lower right panel). 
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Figure 70. 500 hPa geopotential (color field) and sea level pressure described by NOAA GFS 
meteorological analysis for 10/03/2012 at 00:00.  
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Figure 71. Average 550 nm Aerosol Optical Depth from MODIS-AQUA measurements on 
28/11/2012 (upper left panel); OMI Aerosol Index for 28/11/2012 (upper right panel); five days 

back-trajectories from HYSPLIT model for 28/11/2012 (lower left panel) and surface dust 
concentration forecast for 28/11/2012 at 12:00 UTC from BSC-DREAM model (lower right panel). 

Due to the limited extension of Malta territory and to the relatively large spatial scale that 

characterizes desert dust plumes advected northward, the desert dust contribution evaluated from 

the analysis of the time series of PM10 concentrations measured in Gharb can be considered 

representative for the whole Maltese archipelago. In particular, the urban traffic station of Msida is 

located at a distance of about 33 km from Gharb station. Msida station recorded a yearly average 

concentration of 45.3 μg/m3 and 84 exceedancees of the daily average concentration limit during 

2010, a yearly average concentration of 40.9 μg/m3 and 48 exceedancees of the daily average 

concentration limit during 2011 and a yearly average concentration of 40.7 μg/m3 and 54 

exceedancees during 2012. The percentage of valid data has been respectively of about 93, 73 

and 81% for years 2010, 2011 and 2012. Gharb station recorded a yearly average concentration of 

32.4 μg/m3 and 40 exceedancees of the daily average concentration limit during 2010, a yearly 

average concentration of 29.1 μg/m3 and 18 exceedancees of the daily average concentration limit 

during 2011 and a yearly average concentration of 25.6 μg/m3 and 11 exceedancees during 2012.  
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Following the European Commission Guidelines, the desert dust contribution has been identified 

comparing concentration measured in Gharb during desert dust episodes against the monthly 

moving 50th percentile values computed excluding all days identified as having Saharan dust 

influence. The list of days influenced by Saharan dust outbreaks identified for years 2010 (Figure 

64) 2011 (Figure 65) and 2012 (Figure 66) are reported respectively in Tables 24, 25 and 26, 

together with the PM10 concentrations measured in Gharb and Msida, the desert dust contribution 

to PM10 and the concentrations at Msida after deduction of desert contribution. Concentrations 

exceeding the European limit are marked in red. The estimated desert contribution to PM10 daily 

average concentrations ranges between 1.8 and 346 μg/m3 during year 2010 episodes, between 2 

and 189 μg/m3 during year 2011 ones and between 1.5 and 191 μg/m3 during year 2012 ones. 

Days with estimated desert contribution below 1 μg/m3 have been excluded from the selection of 

dust episodes.  

As a result, the subtraction of desert contribution allows to eliminate all the exceedancees of the 

PM10 daily average concentration limit recorded in Gharb during years 2010, 2011 and 2012, while 

the number of exceedances in Msida are reduced from 84 to 45 (~46% reduction) for year 2010, 

from 48 to 34 (~29% reduction) for year 2011 and from 54 to 32 (~40% reduction) for year 2012. 

From the presented analysis, the resulting contribution to the PM10 yearly average concentration 

from Saharan dust episodes can be estimated in the range of 3.5-4.5 μg/m3, if we keep into 

account the range of values obtained for years 2011 and 2012 and the values estimated at Gharb 

and Msida. During 2010, the Sahara dust impact on the PM10 yearly average concentration 

resulted to be roughly double, with contribution estimated to be 9 and 12.1 μg/m3 at Msida and 

Gharb, respectively.  

This evaluation of desert dust impact on the PM10 yearly average concentrations can be 

considered an underestimation of the possible actual value. The applied methodology considers in 

fact only desert dust contribution during major dust advection episodes, that can be more clearly 

identifiable, while the Maltese Islands can be expected to be affected also by minor dust 

contributions from the African continent, which cannot be clearly identified only through the air 

quality network measurements analysis prescribed by the European Commission Guidelines. It is 

anyway worth mentioning that the Sahara dust impact evaluation provided very similar results for 

years 2011-2012, even if they have been characterized by episodes of different intensity and time 

frequency, while a strong variation and a more relevant impact has been estimated for 2010 

affecting especially yearly average PM concentrations.  

Table 24. PM10 concentrations (μg/m
3
) during Sahara dust outbreak episodes detected during 

year 2010: deduction of natural contribution. Numbers in red indicate exceedancees of the 
daily average concentration limit. 

Date 
Measured 

concentration at 
Msida 

Measured 
concentration at 

Gharb 

Sahara dust 
contribution 

Msida 
concentration after 

deduction of dust 
contribution 

05/01/2010 40.7 42.7 24.0 16.7 

06/01/2010 58.6 55.1 36.0 22.7 

07/01/2010 73.8 44.1 25.4 48.4 

08/01/2010 83.1 92.6 73.9 9.2 

09/01/2010 60.8 51.7 33.0 27.8 

11/01/2010 44.2 25.1 6.0 38.3 
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26/01/2010 44.3 43.2 24.5 19.8 

27/01/2010 206.0 207.2 188.6 17.4 

28/01/2010 102.7 70.6 51.9 50.8 

31/01/2010 22.7 23.1 3.1 19.6 

01/02/2010 32.7 25.8 5.8 27.0 

16/02/2010 87.9 81.9 61.7 26.3 

17/02/2010 153.1 122.0 101.7 51.4 

18/02/2010 n.a. 160.4 140.1  

19/02/2010 n.a. 283.3 263.1  

20/02/2010 n.a. 366.4 346.2  

22/02/2010 n.a. 44.8 24.9  

23/02/2010 n.a. 45.9 26.2  

24/02/2010 n.a. 24.2 4.3  

25/02/2010 42.6 32.7 13.0 29.6 

26/02/2010 n.a. 26.3 6.6  

28/02/2010 41.1 23.0 3.4 37.7 

01/03/2010 67.7 28.1 8.5 59.2 

02/03/2010 36.1 28.9 10.2 25.9 

03/03/2010 43.6 37.5 19.6 24.1 

04/03/2010 46.4 31.8 14.0 32.4 

09/03/2010 41.9 39.2 20.8 21.2 

10/03/2010 47.4 28.4 10.0 37.5 

11/03/2010 35.5 20.2 1.8 33.8 

24/03/2010 47.5 44.3 22.4 25.1 

25/03/2010 50.5 33.5 11.0 39.5 

26/03/2010 48.2 44.7 21.7 26.5 

27/03/2010 46.7 34.5 11.5 35.3 

12/04/2010 41.8 44.3 20.2 21.6 

13/04/2010 61.9 50.8 26.7 35.2 

14/04/2010 62.8 54.7 31.1 31.8 

15/04/2010 138.9 109.3 86.1 52.8 

16/04/2010 185.5 129.5 106.4 79.1 

17/04/2010 76.8 63.0 40.0 36.8 

18/04/2010 63.1 62.6 40.2 23.0 

23/04/2010 62.3 45.1 24.1 38.2 

26/04/2010 46.7 27.5 8.2 38.5 

03/05/2010 43.4 42.2 22.1 21.4 

04/05/2010 65.7 55.5 36.2 29.5 

05/05/2010 69.9 55.1 34.1 35.8 

11/05/2010 42.4 28.2 10.6 31.8 

12/05/2010 38.2 25.6 8.0 30.2 

13/05/2010 37.7 22.0 4.0 33.8 

14/05/2010 59.9 53.0 35.0 25.0 

28/05/2010 n.a. 34.0 16.4  
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29/05/2010 n.a. 62.2 44.6  

30/05/2010 n.a. 40.8 23.2  

13/06/2010 58.2 40.6 23.7 34.6 

14/06/2010 92.8 62.7 45.6 47.2 

15/06/2010 95.5 86.6 69.5 26.0 

16/06/2010 109.4 66.5 49.4 60.0 

17/06/2010 80.1 60.4 43.3 36.8 

18/06/2010 89.4 74.9 57.8 31.6 

19/06/2010 40.0 19.1 2.0 38.0 

16/07/2010 65.0 31.9 6.3 58.7 

17/07/2010 68.2 38.7 13.8 54.4 

18/07/2010 50.6 36.3 11.4 39.2 

24/07/2010 61.3 40.4 15.5 45.8 

15/08/2010 46.7 38.4 13.9 32.9 

16/08/2010 64.3 35.3 8.3 56.1 

17/08/2010 49.0 34.6 7.6 41.5 

23/08/2010 42.6 44.1 21.1 21.5 

24/08/2010 39.8 36.5 12.6 27.2 

25/08/2010 43.3 37.7 12.4 30.9 

26/08/2010 48.5 45.2 18.5 30.0 

27/08/2010 49.1 33.0 6.0 43.2 

11/10/2010 65.3 32.8 14.4 50.9 

12/10/2010 73.2 50.4 32.2 41.0 

13/10/2010 120.1 100.0 81.8 38.3 

14/10/2010 73.9 39.2 21.9 52.0 

31/10/2010 33.5 19.8 2.2 31.4 

01/11/2010 90.3 56.3 38.4 51.9 

02/11/2010 111.3 51.3 33.2 78.2 

07/11/2010 52.2 33.6 14.8 37.4 

08/11/2010 30.0 32.2 12.9 17.1 

09/11/2010 132.9 155.1 135.8  

10/11/2010 232.1 240.9 221.6 10.5 

11/11/2010 96.4 66.5 47.0 49.4 

26/11/2010 42.9 24.5 5.0 37.9 

27/11/2010 32.2 24.7 5.2 27.0 

28/11/2010 114.1 122.9 103.4 10.7 

29/11/2010 50.2 30.3 11.2 39.0 

30/11/2010 108.0 121.2 101.7 6.3 

01/12/2010 107.0 105.0 85.9 21.1 

03/12/2010 52.4 20.8 2.3 50.1 

07/12/2010 75.5 30.0 14.6 60.9 

08/12/2010 62.5 38.2 23.3 39.3 

09/12/2010 87.4 53.7 38.3 49.1 

18/12/2010 41.3 37.7 23.2 18.1 
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19/12/2010 99.3 66.3 51.4 48.0 

20/12/2010 83.5 64.0 48.6 34.9 

22/12/2010 60.3 34.1 19.2 41.2 

23/12/2010 70.2 63.8 48.9 21.4 

24/12/2010 77.6 58.6 43.7 34.0 

Table 25. PM10 concentrations (μg/m
3
) during Sahara dust outbreak episodes detected during 

year 2011: deduction of natural contribution. Numbers in red indicate exceedancees of the 
daily average concentration limit. 

Date 
Measured 

concentration at 
Msida 

Measured 
concentration at 

Gharb 

Sahara dust 
contribution 

Msida 
concentration after 

deduction of dust 
contribution 

07/01/2011 94.8 15.3 2.5 92.3 

08/01/2011 64.1 20.2 7.9 56.3 

09/01/2011 58.7 20.8 8.9 49.8 

27/01/2011 115.7 106.3 93.5 22.2 

28/01/2011 44.6 27.2 14.3 30.3 

29/01/2011 58.0 20.6 7.6 50.4 

30/01/2011 65.0 34.4 21.4 43.6 

17/02/2011 84.4 66.0 50.4 34.0 

18/02/2011 47.4 47.1 31.2 16.3 

19/02/2011 37.0 30.7 14.8 22.3 

13/03/2011 66.7 75.1 57.3 9.5 

14/03/2011 94.3 83.0 64.7 29.6 

15/03/2011 323.0 207.0 189.2 133.9 

16/03/2011 118.9 101.8 83.5 35.4 

17/03/2011 38.9 21.2 2.6 36.4 

18/03/2011 48.5 28.4 8.4 40.2 

25/04/2011 51.7 50.9 23.1 28.6 

26/04/2011 107.1 80.7 52.7 54.4 

28/04/2011 30.8 31.4 2.4 28.4 

29/04/2011 n.a. 34.0 5.0  

30/04/2011 n.a. 100.9 71.9  

01/05/2011 n.a. 98.2 68.7  

02/05/2011 n.a. 64.8 35.3  

03/05/2011 105.7 75.2 45.7 60.0 

04/05/2011 47.4 39.0 9.5 37.9 

05/05/2011 n.a. 44.2 14.7  

05/06/2011 n.a. 102.9 70.7  

06/06/2011 n.a. 57.4 24.7  

07/06/2011 n.a. 104.7 72.0  

08/06/2011 n.a. 35.5 2.8  

13/07/2011 n.a. 36.5 6.1  

14/07/2011 60.1 45.2 14.8 45.3 
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15/07/2011 54.2 39.5 11.6 42.6 

16/07/2011 57.0 36.0 8.5 48.5 

17/07/2011 49.1 31.8 5.0 44.1 

18/07/2011 73.3 48.8 22.3 51.0 

19/07/2011 62.6 46.0 20.0 42.6 

20/07/2011 68.8 35.5 10.3 58.5 

04/09/2011 41.3 49.9 16.3 25.0 

05/09/2011 47.0 47.2 13.8 33.2 

06/09/2011 43.8 38.4 5.1 38.7 

03/11/2011 n.a. 32.1 11.6  

04/11/2011 n.a. 40.7 20.2  

05/11/2011 n.a. 39.8 19.5  

06/11/2011 n.a. 70.8 50.5  

07/11/2011 n.a. 97.3 76.3  

08/11/2011 57.2 45.2 23.9 33.3 

09/11/2011 n.a. 47.2 25.9  

10/11/2011 48.2 27.9 7.6 40.7 

22/11/2011 74.6 43.6 24.3 50.3 

23/11/2011 83.7 55.6 36.3 47.4 

Table 26. PM10 concentrations (μg/m
3
) during Sahara dust outbreak episodes detected during 

year 2012: deduction of natural contribution. Numbers in red indicate exceedancees of the 
daily average concentration limit. 

Date 
Measured 

concentration at 
Msida 

Measured 
concentration at 

Gharb 

Sahara dust 
contribution 

Msida 
concentration after 

deduction of dust 
contribution 

01/02/2012 28.6 16.2 1.8 26.8 

02/02/2012 57.6 35.2 20.7 36.9 

03/02/2012 57.9 46.7 32.2 25.7 

04/02/2012 34.0 16.5 2.0 32.0 

10/02/2012 29.2 20.1 5.7 23.5 

21/02/2012 35.3 25.6 8.0 27.4 

22/02/2012 52.3 33.1 15.5 36.9 

10/03/2012 286.2 216.6 191.7 94.5 

11/03/2012 65.9 43.8 18.9 47.0 

31/03/2012 n.a. 36.1 8.9  

01/04/2012 n.a. 31.3 3.2  

02/04/2012 n.a. 31.1 3.0  

03/04/2012 n.a. 62.1 33.6  

04/04/2012 n.a. 82.3 53.3  

05/04/2012 n.a. 35.8 5.8  

06/04/2012 66.9 37.0 8.0 58.9 

07/04/2012 80.7 62.5 34.0 46.8 

08/04/2012 31.4 30.3 2.2 29.2 

13/04/2012 43.3 35.2 9.0 34.3 
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14/04/2012 34.3 27.7 1.5 32.8 

15/04/2012 69.1 49.2 23.1 46.0 

16/04/2012 54.0 33.2 7.1 46.9 

18/04/2012 39.6 30.4 4.3 35.3 

19/04/2012 60.2 41.8 15.9 44.4 

21/04/2012 36.6 27.8 2.3 34.3 

23/04/2012 42.0 30.1 4.6 37.4 

24/04/2012 n.a. 29.5 4.5  

18/06/2012 33.5 37.7 3.0 30.5 

21/06/2012 40.6 42.0 6.4 34.2 

22/06/2012 58.8 69.7 33.3 25.5 

23/06/2012 50.8 52.4 16.0 34.9 

08/07/2012 42.8 36.4 2.1 40.7 

10/07/2012 47.9 42.8 11.1 36.8 

11/07/2012 54.7 45.0 14.2 40.5 

12/07/2012 81.4 60.2 29.5 51.9 

13/07/2012 59.8 50.7 20.2 39.6 

14/07/2012 39.5 38.3 8.3 31.2 

15/07/2012 36.9 35.3 6.6 30.4 

16/07/2012 46.1 43.7 15.0 31.2 

30/07/2012 66.9 54.4 23.8 43.2 

31/07/2012 38.2 34.4 3.8 34.5 

07/08/2012 48.8 34.6 3.5 45.4 

08/08/2012 69.4 65.5 34.4 35.1 

09/08/2012 59.2 45.3 14.2 45.1 

15/08/2012 38.7 41.6 9.7 29.1 

16/08/2012 40.1 35.8 4.0 36.1 

25/08/2012 42.5 27.0 1.8 40.8 

26/08/2012 35.9 32.0 6.8 29.2 

27/08/2012 39.0 37.3 12.3 26.7 

28/08/2012 40.0 31.5 6.5 33.5 

11/09/2012 54.3 25.2 4.4 49.9 

12/09/2012 53.6 25.9 5.1 48.5 

13/09/2012 66.5 35.1 14.6 51.9 

24/09/2012 45.8 31.1 10.3 35.5 

25/09/2012 55.6 40.6 19.8 35.8 

26/09/2012 54.2 37.5 16.7 37.5 

27/09/2012 47.5 39.8 19.0 28.5 

28/09/2012 47.2 38.9 18.0 29.2 

29/09/2012 51.8 41.5 20.7 31.1 

30/09/2012 48.8 41.9 21.1 27.7 

01/10/2012 56.1 41.7 20.7 35.4 

08/10/2012 n.a. 36.6 15.5  

09/10/2012 39.4 30.5 9.4 30.0 
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15/10/2012 n.a. 24.7 3.9  

18/10/2012 n.a. 28.9 9.1  

19/10/2012 n.a. 27.7 9.9  

20/10/2012 n.a. 23.7 7.6  

21/10/2012 n.a. 25.2 10.0  

22/10/2012 n.a. 22.9 7.7  

23/10/2012 n.a. 25.9 11.5  

24/10/2012 n.a. 24.6 11.3  

27/10/2012 n.a. 47.2 35.3  

28/10/2012 n.a. 22.5 10.8  

05/11/2012 33.7 19.5 11.2 22.5 

06/11/2012 28.3 9.5 1.6 26.7 

12/11/2012 41.4 23.7 16.5 24.9 

28/11/2012 56.5 59.0 54.0 2.5 

29/11/2012 49.9 48.0 43.1 6.9 

30/11/2012 47.9 19.2 14.3 33.6 

01/12/2012 60.7 15.1 10.2 50.6 

02/12/2012 21.2 6.8 1.8 19.4 

5.2.3 Urban background 

To estimate the urban background, the FARM model has been run on the background domain at 1 

km resolution over a whole year, fed by hourly meteorology (the one reconstructed for year 2011) 

and the emissions from all sources illustrated in § 4.1.2, also modulated at hourly level. Boundary 

conditions for PM have been assigned using EMEP modeled concentrations, while for all other 

species the boundary conditions have been extracted from QualeAria modelling system. 

Two runs have then been conducted, one with all emission sources inside the domain, and a 

second without all the emissions from Maltese sources. The urban background (ie. the contribution 

from all Maltese sources, excluded DPS and MPS) has then been estimated as the difference 

between the concentrations computed with the two runs. Figure 72 shows the maps of the urban 

background estimated for NO2, PM10 and PM2.5 (bottom, right) annual average concentrations. For 

NO2, the estimated contribution is above 10 µg/m3 around the Valletta and Sliema agglomeration 

main urbanized area (where it reaches a maximum of 20 µg/m3) and the airport area, with minima 

in the northwestern part of Gozo in the order of 1 µg/m3. PM10 is estimated to be above 3 µg/m3 (2 

µg/m3 for PM2.5) over most of Malta island and the central part of Gozo, and above 5 µg/m3 (3.5 

µg/m3 for PM2.5) over the main urbanized area, where the its maximum reaches 8 µg/m3 (near 6 

µg/m3 for PM2.5); the minimum values in the northwestern part of Gozo are around 1.5 µg/m3 for 

PM2.5 and 1 µg/m3 for PM2.5. 
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Figure 72. Maps of urban background estimated for NO2 (top), PM10 (bottom, left) and PM2.5 
(bottom, right) annual average concentrations. 

5.2.4 Comparison with observations 

The modeled concentrations have been compared with the data collected from the continuous 

monitoring stations (Table 22), at the time of the study available for the years 2010 and 2011. 

The Zejtun monitoring station is situated on the south-easterly edge of the Valletta and Sliema 

agglomeration is the closest to DPS, although due to the prevailing wind direction on the Maltese 

Islands (NW) is mostly affected by anthropogenic air pollution sources from the agglomeration. 

This site is representative of the "urban background". Kordin station is characterised as "industrial", 

since it is situated within an industrial estate; it is also meant to monitor possible ground-level 

pollution plumes coming from the Marsa power plant. Gharb monitoring station is located close to 

the northwestern coast of Gozo island, away from the direct influence of nearby sources, so it is 

characterized as a station representative of the "rural background". Msida station is situated at 

about four metre distance from a road in an area where several traffic arteries merge (with 

approximately 40,000 cars passing by the station every day), so it is characterized as "traffic" 

station.  
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This study is focused on the assessment of DPS impact on air quality, considering also the 

contribution of all other major sources that may affect background concentration levels. The 

comparison of modeled concentrations against the observations from continuous monitoring 

stations has been performed for the sites of Zejtun, Kordin and Gharb. The Msida station has not 

been considered in the comparison, since a realistic reconstruction of roadside concentration 

levels requires specific modelling effort that is beyond the scope of this study. 

Figure 73 shows the comparison of modeled annual average concentrations from DPS and all the 

other sources considered against the observed data collected by continuous monitoring stations for 

years 2010 and 2011. The comparison must be examined also by considering the underlying 

different operating conditions of  Enemalta power plants. For the dispersion modeling, the 

emissions at the "transitional operating conditions" of power plants at the time of the study have 

been assumed, in fact derived from actual data monitored by CEMS for year 2013. Most 

importantly, respect to the years for which the ambient air quality observations are available, some 

MPS units, burning residual (heavy) fuel oil with gases emitted from relatively low stacks, have 

been progressively shut down. This means that the observations for the available years still include 

a contribution that has not considered anymore in the modelling.  

 

The comparison for NO2 shows that the model correctly reconstruct the differences in 

concentration levels at the different sites, with the highest value in Kordin industrial station and the 

lowest in Gharb rural background station.  

The differences among the concentrations averages recorded at the stations are otherwise much 

less pronounced for PM, possibly reflecting a series of factors: a non-negligible secondary 

component, the absence of dominant individual sources (usually reflected by an increase of 

primary PM at nearby locations), and relevant background contributions across the Maltese 

Islands. The latter may be attributed to a combination of long-range transport from anthropogenic 

sources and natural sources, as discussed in § 5.2.1 and § 5.2.2. The modeled concentrations 

reflect this behavior, with lower differences among stations and the magnitude of concentration 

values correctly represented. The larger underestimation of PM10 at Kordin could be also 

attributed to the effect of emissions from MPS, that were more consistent during the years 

corresponding to the observations than in the transitionaloperating conditions considered in this 

study.  

Given also these considerations, the modelling uncertainty fulfill the requirements given by the 

European legislation (Directive 2008/50/EC). 

In the second phase of the study the comparison will be also extended to include the monitoring 

data of year 2012, as well a full list of the data that will be utilized. 
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Figure 73. Comparison of modeled annual average concentrations from all sources (year 2011 
meteorology) against data from continuous monitoring stations of years 2010 and 2011: NO2 

(top), PM10 (bottom, left) PM2.5 (bottom, right). 

5.3 Sensitive receptors 

The modelled concentrations have been also computed on a series of sensitive receptor points, 

corresponding to hospitals and health cares, cultural heritage sites, sport facilities and other public 

buildings (Table 27). Their location is depicted in Figure 74. 
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Table 27. List of sensitive receptors considered. 

Receptor name Type  x (UTM33) y (UTM33) 

Cottonera Sports Complex  public building  457324 3971118 

Ghar Dalam Cave and Museum  public building  457282 3966157 

Grand Harbour  UNESCO heritage  456269 3972739 

Hagar Qim Temples  cultural heritage  449676 3965165 

Hal Saflieni Hypogeum  cultural heritage  454889 3969477 

Karin Grech Hospital  health care  454555 3972663 

Malta National Pool  sports facility  453785 3973514 

Marsa Sports Club  public building  453847 3970596 

Mater Dei Hospital  health care  452920 3973361 

Mnajdra Neolithic Temples  cultural heritage  449616 3965239 

Sir Paul Boffa Hospital  health care  455761 3972409 

St. Aloysius Sports & Recreational Complex  sports facility  451183 3972610 

St. Vincent De Paul Residence  public building  453364 3969749 

Tarxien Temples  cultural heritage  456089 3969746 

Valletta  UNESCO heritage  456126 3973008 

 

Figure 74. Location of sensitive receptors. 

The contribution from DPS emissions in TOC and NOC configurations to annual average NO2 and 

PM10 concentrations at the receptors is reported in Table 28, as the maximum values simulated for 

the three meteorological years considered (2010, 2011, 2012). 
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Table 28. Contribution of DPS in TOC and NOC configurations to annual average NO2 and PM10 
concentrations at sensitive receptors: maximum values (μg/m

3
) among the three 

meteorological years considered (2010, 2011, 2012). 

Receptor 
TOC scenario NOC scenario 

NO2 PM10 NO2 PM10 

Cottonera Sports Complex  0.76 0.04 0.43 0.03 

Ghar Dalam Cave and Museum  2.36 0.13 1.24 0.11 

Grand Harbour  1.00 0.05 0.47 0.04 

Hagar Qim Temples  0.50 0.03 0.29 0.02 

Hal Saflieni Hypogeum  0.63 0.04 0.37 0.04 

Karin Grech Hospital  0.49 0.03 0.33 0.03 

Malta National Pool  0.40 0.02 0.22 0.02 

Marsa Sports Club  0.54 0.03 0.30 0.03 

Mater Dei Hospital  0.41 0.02 0.24 0.02 

Mnajdra Neolithic Temples  0.50 0.03 0.30 0.02 

Sir Paul Boffa Hospital  0.70 0.04 0.36 0.03 

St. Aloysius Sports & Recreational Complex  0.32 0.02 0.19 0.02 

St. Vincent De Paul Residence  0.54 0.03 0.31 0.03 

Tarxien Temples  0.77 0.04 0.46 0.04 

Valletta  0.55 0.03 0.35 0.03 

5.4 Comparison with limits in legislation 

The limit and target values currently in force are summarized in Tables 29 and 30. 

Table 29. Pollutants limit values. 

Pollutant Averaging period Limit value 

NO2 calendar year  40 µg/m
3
 

NO2 one hour 200 µg/m
3
, not to be exceeded more 

than 18 times in a calendar year 

PM10 calendar year 40 µg/m
3
 

PM10 one day 50 µg/m
3
, not to be exceeded more 

than 35 times in a calendar year 

Lead  calendar year 0.5 µg/m
3
 

Table 30. Pollutants target values. 

Pollutant Averaging period Target value 

PM2.5 calendar year 24 µg/m
3 

Arsenic calendar year 6 ng/m
3
 

Cadmium calendar year 5 ng/m
3 

Nickel calendar year 20 ng/m
3 

For what concern vanadium, the WHO in its Air Quality Guidelines for Europe (WHO, 2000) 

indicates a guideline value for the 24-hours averages of 1 µg/m3. 



Enemalta - Air dispersion modelling of stack emissions 

ARIANET R2015.12  Page 74 

 

The compliance with the limits and targets on ambient concentrations of the contributions from 

DPS emissions in both its "transitional"and "new" operating conditions is recapitulated in Tables 

31-33, for all three meteorological year considered. For both scenarios, the compliance is 

respected for all pollutants and meteorological years. 

When compared against ambient air monitoring and the background contributions from all other 

sources (in Malta and outside it), the contribution from DPS, although below the limits/targets, can 

be anyway considered worth of attention in the case of NO2 (a few exceedances per year of the 

hourly limit in the worst meteorological year, even if over a very limited area surrounding DPS) and 

nickel. 

Table 31. DPS in "transitional" and "new" operating conditions: compliance with the limit 
values, considering different meteorological years (      : in compliance;       : not in 

compliance). 

 

Air quality limit 

Meteorological year 

2010 2011 2012 

NO2 annual    

NO2 hourly    

PM10 annual    

PM10 24 hour    

Pb annual    

Table 32. DPS in "transitional" and "new" operating conditions: compliance with the target 
values, considering different meteorological years (      : in compliance;       : not in 

compliance). 

 

Air quality target 

Meteorological year 

2010 2011 2012 

PM2.5 annual    

As annual    

Cd annual    

Ni annual    

Table 33. DPS in "transitional" and "new" operating conditions: compliance with vanadium 
WHO guideline, considering different meteorological years (      : in compliance;       : not in 

compliance). 

 

Air quality guideline 

Meteorological year 

2010 2011 2012 

V one day    

6 Limitations of study 

The main limitations of this study can be ascribed to the following groups of factors. 

Scope: the study is focused on the impact assessment of DPS on air quality; all other main 

sources, either inside Maltese Islands or outside them, are included in the analysis to estimate the 

background contributions, and put in a correct perspective the impact of DPS in its current and 
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upcoming configuration. Therefore, a detailed impact assessment of some of those other sources 

categories may require a more detailed analysis.  

Data availability and quality: realistic and up-to-date data are a crucial aspect of any assessment 

study. For what concern the main subject of the study, DPS, the availability and direct use of hourly 

data collected by the continuous emission monitoring systems installed at the stacks contributes to 

the trustworthiness of the current model application. Instead, heavy metals emissions are 

monitored only discontinuously, by means of period sampling activities, so of the continuation of 

the monitoring plan could add confidence in the information available until now, and of the related 

assessment. The inventory of the other emission sources could also be further improved. Road 

traffic is probably the sector of first importance, probably calling for a targeted study, involving 

more detailed information. Also, particulate emissions do not take into account the contribution 

from resuspension (emission from ambient material deposited on the road, which relevance grows 

during wind calm and dry meteorological conditions): although potentially important, there is still a 

high level of uncertainty in the estimation of this fraction. Also more information allowing to better 

describe the international maritime activities around Malta would probably be of interest. 

Model uncertainty: even when made with state-of-the-art tools, as all model-based assessments 

this study reflects the limitations inherent in the assumptions, parametrizations and configuration of 

the employed models. Among them, it is worth to cite the limitations associated to the adopted 

spatial resolution the time frame, which also depends from the availability of realistic input data. 

The model reliability could increase if performed on a continuous basis, either periodically or in 

real-time, contributing to the interpretation of monitoring activities and the consistency of the 

emission inventory. 

7 Conclusions and recommendations 

The study has assessed the contribution from DPS in two different configurations to ambient air 

concentration levels, updating the air dispersion study carried out by Enemalta in 2011 as part of 

IPPC obligations. The configurations considered for DPS have been the current operating 

conditions at the end of year 2013 (a scenario referred as "transitional operating conditions - TOC") 

and the "new operating conditions - NOC" at the middle of year 2015, after the commissioning of 

the submarine cable interconnector and shut down of MPS. 

This has been evaluated employing the state-of-the-art SPRAY Lagrangian particle model, which is 

3D and dynamic in nature, run over three years fed by hourly meteorological data and, most 

importantly, by hour-by-hour emissions directly monitored at the stacks by continuous emission 

monitoring systems. Contributions from other relevant emission sources inside Malta as well from 

natural sources and long-range transport has been also considered, by mean of FARM Eulerian 

3D model. 

The modelling analyses assess the likelihood that respect to the ones from other sources, for both 

scenarios (TOC and NOC) the contribution from DPS in exceeding the limits and targets on 

ambient concentrations of NO2 and metals is limited, and very limited in the case of particulate 

matter. For all considered pollutants, concentration indicators for NOC scenario are somewhat 

lower than the corresponding ones for TOC scenario, as the result of lower emissions from DPS 

units, considered as a whole. 
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The study also indirectly confirms that, discounting the contributions from natural sources, the road 

transport sector is likely to be the major contributor to the exceedance of PM10 concentrations in 

ambient air, as indicated by (MEPA, 2010). In this perspective, road traffic could be the subject of a 

more detailed evaluation of the initiatives envisaged to ensure Malta's compliance with the 

European Directives limits. 

The conclusions of the 2011 air dispersion study, using information on planned DPS extension and 

on MPS working at its previous conditions, stated that "DPS by itself … does not violate any 

limit/target values and contributes very marginally to target value violations". Such conclusions are 

so substantially confirmed by this study, even using hour-by-hour actual emission data from the 

plants at their current conditions and 3D dynamic models: the contribution from DPS is below the 

limits/targets, except for few exceedances per year of the hourly limit in the case of NO2 (although 

happening in the worst meteorological year, over a very limited area surrounding DPS). .  
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APPENDIX A – Modelling system description 

A.1 ARIA Industry/Regional overview  

A.1.1 Features 

The ARIA Industry and ARIA Regional packages are integrated software suites for atmospheric 

dispersion modelling, allowing the manipulation, presentation, modification and visualisation of 

several data classes (geographic site data, emission data, meteorological data, air pollution data, 

receptor data). In such packages, all simulation models access topography, maps, emissions, 

meteorology, through the same procedures (or methods), and the visualisation tools are common 

to all models.  

The software suites comprises several modules for: 

 site data: cartography, topography, land use, sensors, 

 meteorological data: ground and upper air measurement data, output from large-scale 

NWP (ECMWF, NCEP, Local Agency) 

 emission inventory: linear, large point sources, diffuse area sources by category 

 3D meteorological fields computation: wind, temperature, atmospheric turbulence 

 3D dispersion: calculation of primary pollutant concentrations 

 3D reactive Dispersion: calculation of primary and secondary pollutants 

 3D display and animation: the module visualizes all data and compares observed and 

computed concentration levels. 

The next figure presents a flowchart for ARIA Regional, where the names of some of the main 

modules are reported. This chart may help the reader in following the short presentation of the 

functions of each module. 
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A.2 SPRAY 3D Lagrangian model  

SPRAY (Tinarelli, 1994, 2007) is a three-dimensional model for the simulation of airborne pollutant 

dispersion, taking into account either spatial or temporal variations of the mean flow and 

turbulence.  

A.2.2 Features 

The code is able to reproduce concentration and dry/wet deposition fields deriving from point, line, 

area or volume sources. The airborne pollutant is simulated by means of ‘virtual’ particles, whose 

motion is defined both by local mean wind and by stochastic velocities that reproduce the 

atmospheric turbulence statistical behavior. In this way different parts of the emitted plume can 

deal with different details of the atmospheric flow, thus allowing more realistic simulations in 

complex meteorological conditions, which are usually difficult to reproduce with traditional models 

(presence of vertical shear, low wind speed, temperature inversion due to the altitude, flow over 

complex topography, presence of topographical discontinuities such as sea-land or town-

countryside). This version of the code reproduces the transport, dispersion, dry and wet deposition 

of chemically inert species. Each particle motion is reproduced by means of the following 

equations: 
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in which x, y, z are the Cartesian coordinates of each single particle in the three-dimensional 

domain and ux, uy, uz are the velocity components, divided in mean component and turbulent 

fluctuation. The mean component is obtained by MINERVE/SWIFT model in a terrain-following 

reference frame x,y,s, in which vertical coordinate s is defined as:  

s =  
z -  z

z z

g

top g
 

where z is the vertical geometric coordinate, z
top

 is the height of the computational domain and 

z
g
(x,y) is the height of topography. Particles linearly interpolate the wind value in the x,y,z point 

where they are located just using the values found in these arrays. SPRAY can simulate unstable 

conditions by means of a linear temporal interpolation between the values of two subsequent 

arrays. 

Turbulent fluctuations u'x, u'y and u'z, leading to diffusion, are determined by solving Langevin 

stochastic differential equations: 

zyxittuxbttuxattu iii ,,    ;     )),(,()),(,()('  
 

where a and b are functions of each single particle position and velocity of, depending on the 

turbulence characteristics as well as on the chosen solving scheme. SPRAY refers to Thomson’s 

schemes (1984, 1987). 

A.2.3 Input data 

In order to perform a dispersion simulation SPRAY model basically uses: 

 three-dimensional wind fields provided by MINERVE/SWIFT meteorological model; 

 two-dimensional turbulence fields z0, Hmix, u*, L, w* , and species-dependent dry deposition 

velocities (for each of the species to be considered in the simulation), given by the SURFPro 

code; 

 species dependent washout coefficient and two dimensional fields of precipitation rates in 

mm/h used by the wet deposition schemes; 

 emission data, consisting in a sequence of time-varying data on spatial location and geometry 

of the emitting volumes linked to point / line / era sources, their thermodynamic parameters and 

the emission rates for each polluting species (gas / aerosol); SPRAY can dynamically simulate 

the plume rise of hot buoyant emissions.  

A.2.4 Output 

Three-dimensional Lagrangian particle models, when fed by realistic meteorological fields 

assimilating local topographic features and data, are superior to traditional and hybrid straight-

plume Gaussian models. This is especially important in situations with complex terrain, including 

over stretches of sea coastal sites, presenting sea breezes regimes with transition situations, 

where the Gaussian formulation can not fully follow evolving meteorological conditions and can 

hardly reproduce the interaction of plumes with orography.  
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The following display illustrates these capabilities, where the impact of multiple stacks in the Fos-

Berre area (near Marseille, on the Mediterranean coast) is simulated during a sea-breeze reversal 

process. 

 

Dispersion of SO2 plumes on the Fos-Berre area (white isolines: topography; clouds of SPRAY 
computational particles in green; ground level color shading: computed ground 

concentrations). 

SPRAY is present in the European Model Documentation System (MDS, 

http://acm.eionet.europa.eu/databases/MDS/index_html), collecting information and descriptions 

about the most relevant meteorological/dispersion models available in Europe. 

SPRAY is the result of more than twenty years of continuous development efforts, documented by 

a large number of scientific publications concerning its theoretical formulation, verifications in 

controlled experiments and real-world applications, documenting its levels of accuracy and output 

data reliability. Applications include short- and long-term impact assessment of power plants and 

industrial sites, episodic studies, urban and regional applications, pollution traffic studies, real-time 

control of sources, accidental releases. 

Providing that the model is fed by 3D meteorological fields embedding mesoscale and local 

features (e.g. through local representative measurements), the SPRAY Lagrangian particle model 

is the most accurate solution for complex configurations of sources and terrain features at 

scales ranging from tens of km down to meters. 

The inadequacy of Gaussian straight plume models to fully describe the dispersion in coastal 

sites as well as the transition situations is well represented in the following figures, showing the 

comparison of yearly average concentrations computed by a Gaussian model and SPRAY for 

thermal power plants at Fusina and Porto Marghera (near Venice): 

 on top panels (yearly average concentrations computed by both models) the straight line 

approximation of the Gaussian models is clearly visible; 

http://acm.eionet.europa.eu/databases/MDS/index_html
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 the bottom panel (differences between concentrations computed by SPRAY and the 

Gaussian model), evidences that the transition regimes (the most common situation in that 

area) are missed by the Gaussian model. 
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A further example in coastal sites with complex orography, is given in the following figures, 

showing summer average concentrations computed by dispersion models originating from the 

ENEL thermal power plant at Vado Ligure (Mediterranean coast): it is very clear that even on 

average concentrations, the two patterns are completely different. 
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A.3 FARM 3D Eulerian reactive AQM  

FARM (Flexible Air quality Regional Model) is a three-dimensional Eulerian model that accounts for 

the transport, chemical conversion and deposition of atmospheric pollutants, used for policy 

support, forecast systems and impact studies. 

It has been originally derived by ARIANET from STEM (G.R. Carmichael, Centre for Global and 

Regional Environmental Research, Univ. of Iowa), a model extensively used and tested during the 

past two decades (Kitada et al., 1984; Carmichael et al., 1986; Hong and Carmichael, 1986; Chang 

et al., 1990; Carmichael et al., 1991; Shim and Carmichael, 1991; Mathur et al., 1992; Carmichael 

et al., 1998).  

Its development is currently carried out by ARIANET, with the support of ENEA, ARPA-Piemonte, 

CINECA supercomputing centre, and the involvement of experienced users in testing activities.  

 

The current user community is mostly made by national and local authorities and research 

institutes (the following figure shows the main computational domains to date). It is worth to cite 

that FARM: 

 is the core of the atmospheric component of the MINNI Italian national modelling system 

(Ministry of the Environment, the Land and the Sea), used for policies support, either directly or 

through its two-way link with GAINS-Italy model; 

 is used by the Italian Regional Environmental Protection Agencies (ARPAs) of: Lombardia, 

Piemonte, Valle d’Aosta, Veneto, Lazio, Puglia, for operational forecasting, yearly air quality 

evaluations and policy scenarios assessment respect to EU legislation; 

 has been also used in regional scenarios and impact assessment studies in: Campania 

and Naples, Sardegna (Cagliari), Lombardia, Veneto, Northern and Central Italy, as well as in 

several studies of major power and industrial plants and transport infrastructures; 

 is being used in urban zooming applications in Tunisia, Morocco and Israel. 

These applications consist or have consisted in: 

 yearly air quality assessments according to European Directive on Ambient Air Quality 

 assessment of future scenarios and policies (e.g. measures involved in regional air quality 

plans) 

 assessment of the impact of major infrastructures 

Moreover, FARM is a key component of the following operational forecast/near-real-time (NRT) 

systems: 

 Lombardia (Milano) 

 Piemonte region, with zooms on Turin and Novara 

 Lazio region, with zoom on Rome 

 Italian QualeAria system at national scale 

 New Delhi 

 Rio de Janeiro 
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The code can be configured to be used in a variety of applications, according to specific problem 

features, computational resources and data availability. The code is also embedded in ARIA 

Regional, a comprehensive regional atmospheric simulation system, including orography, land-

use, meteorology, emissions and IC/BC pre-processors, as well as post-processors to extracts 

statistics from the results (hourly / eight-hour / daily / yearly averages, percentiles, etc.) and 

interfaces with visualization tools. 

The documented applications show that when fed by proper 3D meteorological fields and emission 

inventories, FARM air quality model fulfills the accuracy requirements given by European 

legislation (Directive 2008/50/EC of the European Parliament and of the Council of 21 May 2008 

on ambient air quality and cleaner air for Europe) and by Legal Notice 478 of 2010, at urban, 

regional and wider scales. 

 

FARM is also present in the European Model Documentation System (MDS, 

http://acm.eionet.europa.eu/databases/MDS/index_html), collecting information and descriptions 

about the most relevant meteorological/dispersion models available in Europe, and in COST 

Model Inventory (http://www.mi.uni-hamburg.de/index.php?id=539) revising enhanced meso-

scale meteorological and air pollution dispersion models. 

Finally, FARM is also currently participating in the EURODELTA3 model intercomparison 

project at continental scale, managed by the European Joint Research Centre of Ispra, involving 

some of the main European regional modeling team. 

FARM major features are listed in the following sections. 

A.3.1 Features 

FARM major features include: 

 emission of pollutants from area and point sources, with plume rise calculation and mass 

assignment to vertical grid cells 

 overall solution technique: operator splitting with adaptive fractional steps  

 advection-diffusion - horizontal: Blackman cubic polynomials (Yamartino, 1993); vertical: hybrid 

semi-implicit Crank-Nicolson / fully implicit scheme (Yamartino et al., 1992). 

 turbulence: ABL-scaling, using related pre-processors (SURFPRO or PROG2FARM, 

depending whether the meteo driver is diagnostic or prognostic) 

 chemistry and aerosols: flexible mechanism, assigned through KPP chemical pre-processor, 

either:  

o a simplified gas-phase mechanism derived from the EMEP Lagrangian Acid 

Deposition Model (Hov et al., 1988; EMEP, 2003) coupled with a bulk aerosol 

module; 

o the SAPRC99 gas-phase chemical 121 mechanism (Carter, 2000) coupled with the 

aero3 aerosol module, implemented in the Community Multiscale Air Quality 

(CMAQ) modeling system (Binkowski, 1999) 

 gas-phase solvers: LSODE and Rosembrock 

http://acm.eionet.europa.eu/databases/MDS/index_html
http://www.mi.uni-hamburg.de/index.php?id=539
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photolysis rates, either:  

o adjusted according to local solar zenith angle and height; actinic flux reduction effect 

from clouds; 

o use of of TUV code to calculate the effects of aerosol particles and gaseous species 

on the photolysis rates, considering different wavelength grids  

 estimation of aerosol optical depth from of aerosol species  

 treatment of heavy metals and polycyclic aromatic hydrocarbons (PAHs), with gas-aerosol 

partitioning 

 dry removal of pollutants on the basis of deposition velocities (from SURFPRO pre-processor) 

depending on land type, season, surface meteorology, surface wetness, by means of a "big 

leaf" resistance model after Walcek (1986) and Wesley (1989) 

 precipitation scavenging based on Maul (1980) 

 zooming possibility: on-line one- or two-way nesting with an arbitrary number of computational 

grids 

 assimilation of sparse observed data by nudging methods 

 parallel execution on various class of machines, using OpenMP, MPI and mixed paradigms 

 integrated with a complete modelling system (ARIA Regional) for multiscale air quality 

simulations 

A.3.2 Input data 

Most input data are in the form of hourly 2D/3D gridded fields (netCDF or ADSO/bin format): 

 Emissions: hourly SO2, NOx, NH3, CO, speciated VOC, and PM emissions at each grid location 

and (optionally) at a set of point sources. Emissions from an arbitrary set of tracers can be also 

considered.  

 Meteorology: hourly 2D/3D fields of wind, air temperature, pressure, relative humidity, cloud 

cover, precipitation, turbulent horizontal and vertical diffusivities, surface resistances and gas 

deposition velocities. Can be provided (through the GAP grid adaptor) by a wide series of 

diagnostic/prognostic meteorological models; among the others have been used: RAMS, MM5, 

WRF, Lokal-Modell, SWIFT/MINERVE, CALMET.  

 Topography height for each grid cell. 

 3D fields of initial conditions, either from measurements or coarser model grid results, throught 

the use of companion pre-processors (ICBC and BOUNDER). 

 Boundary conditions: time-varying concentrations at lateral and top boundaries, also either 

from measurements or coarser model grid results (currently: EMEP, CHIMERE, FARM itself). 

A.3.3 Output 

Output quantities, in the form of hourly 2D/3D gridded fields (netCDF or ADSO/bin format): 

 concentrations (at the surface or 3D) 
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 deposition fluxes 

As well as:  

 domain balances and processes contributions 

 restart file 

 comprehensive logfile 

The following figure shows an example of ground-level CO concentration fields computed by 

FARM on two nested grids (Piemonte Region and Torino metro area). 

 

The following is a 3D plot of NO2 concentration computed by FARM over Rio de Janeiro at 1 km 

resolution. 
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APPENDIX B – Data sources used in the study 

Purpose / use Data Type Source 

Preparation of 

emission input for 

modelling 

Data regarding DPS and MPS: 

 details of each plant  

 stack parameters 

 information regarding the type of fuel used 

 operating times and conditions (over past periods 
and foreseen for new operating conditions) 

 information regarding pollution control equipment, 
including its efficiency 

Enemalta 

Corporation 

Data from continuous emission monitoring systems 

(CEMS) installed at DPS and MPS: NOx, CO, SO2, dust 

and flow, from 2010 to 2014 

Enemalta 

Corporation 

Discontinuous stack emissions monitoring data: 

measurements of lead, cadmium, arsenic, nickel and 

vanadium emissions to air mate at DPS and MPS from 

2011 to 2014 

Enemalta 

Corporation 

Statistics about shipping movements at Valletta harbour Valletta Port 

Authority 

Statistics about shipping movements at Marsaxlokk 

harbour 

Malta Freeport 

Statistics on aircrafts movements Malta 

International 

Airport 

Capacity/movement data for 31st March 1979 fuel storage 

& Wied Dalam Depot 

Enemalta 

Corporation 

Capacity/movement data for Oil Tanking Malta and San 

Lucian Oil Company fuel depots 

Oiltanking 

website 

Road traffic emissions from National Emission Inventory 

for 2011 

MEPA 

Road network maps: OpenStreetMap 

(www.openstreetmap.org) 

OpenStreetMap 

Time modulation data from the National Travel Survey  Transport Malta 

Emissions related to fishing activities: from National 

Emission Inventory for 2011 

MEPA 

Emissions from international shipping routes: EMEP 

database 

EMEP 

Emissions from Marsa Thermal Treatment Facility: 

WasteServ website 

(http://statistics.wasteservmalta.com/scadamonthly.aspx) 

WasteServ Ltd 
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Other area emission sources: National Emission Inventory 

for 2011 

MEPA 

Preparation of 

emission input for 

modelling; 

meteorological 

modelling 

CORINE Land Cover 2006 database 

(http://dataservice.eea.europa.eu/dataservice) 

EEA 

Meteorological 

modelling 

Background meteorological output fields operationally 

produced by the Air Quality Modeling System (AQMS) 

QualeAria for years 2010-2012 (http://www.aria-

net.eu/QualeAria/index_en.html) 

ARIANET 

QualeAria 

USGS digital terrain model USGS 

Meteorological 

modelling verification 

Meteorological data recorded at MEPA's monitoring 

stations for years 2009-2012 

MEPA 

NOx to NO2 

estimation in local 

modelling 

Hourly NOx and NO2 measurements from Msida 

monitoring station 

MEPA 

Ambient background 

level concentrations 

NO2 rural background: QualeAria air quality modeling 

system results 

ARIANET 

QualeAria 

PM rural background: EMEP model results EMEP 

Contribution of 

Sahara dust 

PM10 measurements from continuous monitoring stations 

for year 2011 

MEPA 

Boundary conditions 

for background 

domain 

Boundary conditions for gaseous species: QualeAria 

results 

ARIANET 

QualeAria 

PM boundary conditions: EMEP model results EMEP 

Dispersion model 

verification 

NO2, PM10 and PM2.5 data collected from continuous 

monitoring stations 

MEPA 

 

 

 

 

 


