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Abstract: A modelling system consisting of the Weather Research and Forecasting model to simulate the meteorology 

and CALPUFF for pollutants dispersion is used in this study to simulate the impact of fugitive PM10 emissions related 

to harbour activities in nearby populated areas. Results for wind speed and direction show that the model performs well 

in the area, although some differences exist. PM10 concentrations show high differences respect to observations. 

Binarizing the PM10 signal points to the high uncertainty in emission factors as the main source of error.  
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INTRODUCTION 

Ports act as economic engines in regional dynamics, driving the growth and development of European 

cities. Those located near urban areas with high population density often find themselves balancing the 

development and management of port activities with the preservation of natural habitats and the quality of 

urban life. This is primarily because their activities lead to significant impacts in terms of emissions, noise, 

water pollution, soil degradation, and habitat fragmentation (Ducruet et al. 2024, Schenone et al. 2016, 

Trozzi and Vaccaro 2000). This situation underscores the need for port authorities to promote a commitment 

to sustainable development and continuous improvement of their environmental behaviour. This 

commitment will enable the sustainable growth and operation of the port, without losing sight of the various 

challenges that port authorities face, such as financial and regulatory challenges. 

 

The European Commission, in its various Communications (COM/2007/0616 and COM/2013/295), and 

the European Sea Ports Organization (ESPO) urge Port Authorities to establish an effective relationship 

between environmental management and port management. The latest ESPO Environmental Report (ESPO, 

2023) highlights the environmental priorities of European ports, identifying air quality as the second 

priority action. In this context, the handling of solid bulk materials is one of the main sources of emissions 

to the air, specifically, the emission of fugitive or diffuse particles. The issue related to the control of 

emissions and impacts associated with diffuse emissions can be reflected in the effect on the nearby 

population and businesses, leading to complaints and lawsuits. 

 

Historically, air quality assessment has been based on the analysis of data from fixed stations. However, 

over the last few decades, the use of numerical models to control atmospheric pollution has become a 

common practice as they offer several advantages. They also have a lot of uncertainty in their calculations. 

Especially the uncertainties associated with the use of emission factors from different sources, which are 

based on formulas that depend on certain parameters of each material. This is the case of diffusive 

emissions, where high uncertainties exist. In the scenario presented here, the modelling of fugitive 

emissions is compared with low-cost sensors observation, with special focus on the source of error analysis. 

 

 

 



METODOLOGY 

 

Study area 

This study is carried out in the Port of Bilbao, located in the northern coast of the Iberian Peninsula 

(43°20'53"N, 3°3’40” W, Figure 1). The flow in the area is characterized by land-sea breezes, channelled 

through the valley where the port is located. The area is also characterized by relatively dense urban areas, 

belonging to the so-called Great Bilbao conurbation. The presence of small cities in the surroundings would 

potentially interact with the land – sea breeze system (Freitas et al. 2007). 

 

Modelling system 

A modelling system consisting of the Weather Research and Forecasting (WRF, Skamarock et al. 2019) to 

compute the meteorology and CALPUFF (California Puff model, developed by Sigma Research 

Corporation) for the dispersion of pollutants is used in this study.  

 

WRF is applied in this study, using 5 nested domains to increase the resolution from 27 km to 0.250 km, 

with the inner domain covering the port and its surroundings. The 5 domains, with a grid resolution (number 

of points in east-west and south-north directions) of 27 km (101 x 101), 9 km (103 x 103), 3 km (103 x 

103), 1 km (101 x 101) and 0.25 km (101 x 101) are shown in Figure 1. Although an even number is not 

recommended for the grid resolution ratio, tests have been done with 0.333 km and 0.25 km for the inner 

domain (not shown), with only slight differences. 

 

 
Figure 2: a) Domains used for WRF simulations, b) area where the Port of Bilbao is located and c) highest resolution 

WRF domain (D05). 

 

A total of 56 vertical levels, ranging between the surface and 50 hPa are used, with the first layer located at 

5 m height and 17 levels below the first 1,000 km. This allows for high resolution close to the ground, 

where the emissions occur, to properly capture the wind. 

 

BEP-BEM urban canopy parameterization is used (Martilli et al 2002, Salamanca et al 2010), to account 

for the nearby urban areas impact on the flow, which were considered following the Local Climate Zones 

classification (Stewart and Oke, 2012). The rest of physical parameterizations considered in this study are 

the same as in Simón-Moral et al. 2022)  

 

WRF outputs are used to provide 3-dimensional information to drive CALMET, the meteorological 

preprocessor of CALPUFF. 8 Vertical profiles of the required variables are built from the meteorological 

simulations, whose locations are selected to represent different orography characteristics found in the study 

area. From these profiles, a 3-dimensional grid is computed to force the dispersion model. 

 

PM10 emissions 

PM10 emissions are calculated from the Emission Factors produced in the HADA LIFE project (LIFE02 

ENV/E/000274). In the project, emissions for three different activities performed in ports are calculated: 

ship load (1.75 g s-1) and discharge (2.3 g s-1) and truck load (1.6 g s-1). In this study, information of the 

operations performed in the port provided by the port authority are used to define hourly emissions in each 

dock. 

 



A high uncertainty exists in the emission factors: First, the ones used in this study are calculated for alfalfa, 

without considering the specific material manipulated. Second, the impact of wind speed on the emissions 

is not consider here and, third, fugitive emissions related to port activities are highly dependent on the 

worker performance. For example, the emissions from releasing a bulk of material from a shovel will 

depend on the height from which the release is performed. 

 

Observational data 

Observational data from previously calibrated low-cost sensors (Kunak Air Pro) are used for wind and 

PM10 concentration validation purposes. Two sensors located in the emission area and two near urban areas 

are selected for a qualitative comparison with simulations results (Figure 1). For the calibration process, 

the sensors have been located next to a reference particulate matter measurement device (Fidas Palas 200E) 

for 3 months. A study was performed to identify the best regression model for this scenario and data. 

Consequently, the Random Forest method was chosen and applied to calibrate the low sensors' observations, 

which were particularly sensitive to temperature and humidity changes. 

 

In addition, results from the Copernicus Atmosphere Monitoring System (CAMS, Peuch et al. 2022) are 

used as background concentration, to isolate the pollution not related to port activities. 

 

Event selection 

Based on the PM10 measurements, one event is selected to verify the modelling system. For the selection 

process, days with potentially emitting operations, wind direction favourable to an impact in the urban 

areas, and PM10 increase registered within the activity time window are chosen. Following this procedure, 

the 12nd of July 2023 is extracted for the methodology verification (Figure 2). 

 

 
Figure 2: Wind speed (blue line) and direction (blue crosses) recorded in (top panel) and PM10 concentrations [µg 

m-3] inTECNALIA-12 (blue), TECNALIA-13 (orange), BECSA -2 (green) and BECSA – 3 (red). Vertical lines 

represent the starting and ending times of port activities. 

 
Table 1: Activities performed in the Bilbao Port 

Day PRINCESA ADOSADO NEMAR1 

12/07/2023 Palm kernel discharge 

00:00 – 01:00 

06:00 – 11:00 

12:00 – 16:00 

Iron alloys discharge 

06:00 – 10:00 

12:00 – 17:00 

Coal discharge 

06:00 – 11:00 

 

Truck load of other minerals 

06:00 – 09:00 

12:00 – 17:00  

Truck load of coal 

06:00 – 17:00 

Cereals discharge 

06:00 – 10:00 

12:00 – 18:00 

 

RESULTS 

A qualitative comparison between PM10 concentration and wind speed and direction is shown next. The 

sensors located close to the emission docks (e.g. BECSA-2 and BECSA-3) are shown in Figure 3. While 

the model produces low wind during the morning, underestimating the observed value, it simulates higher 

values in the afternoon. The results are better in BECSA -2, where they are close to observations. Respect 



to wind direction, it is southeast until 10:00, when it rotates to northeast. The model mostly captures the 

direction, although a ~60º bias is produced during the afternoon. 

 

In both cases, CALPUFF highly overestimate PM10 concentrations during the morning and underestimate 

them afterwards. One possible reason of the overestimation is the potential impact of low wind. In such 

conditions, the uncertainty in the emissions, or the uncertainty related to the simulation resolution would 

have high impact on the pollutant dispersion, hence producing a high overestimation. 

 

 
Figure 3: Observed (black line), background (blue line) and background + simulated (red line) PM10 concentration 

in BECSA -2 (top left) and BECSA -3 (top right), and observed (black) and simulated (red) wind speed (continuous 

line) and direction (crosses) in BECSA -2 (bottom left) and BECSA -3 (bottom right) during the 12nd of July 2023. 

 

Figure 4 shows the wind speed and direction, and the PM10 concentration in TECNALIA 12 and 13. While 

in TECNALIA – 13 the model captures accurately the wind speed and direction, in TECNALIA – 12 the 

performance is not so good. This is probably related to the influence of local obstacles, not considered by 

WRF.  

 

PM10 concentrations look different to what observed in the sensors located near the source. In this case, 

the model underestimates the contribution of port activities in both sensors. Considering the ability of 

WRF to reproduce wind speed and direction in TECNALIA – 13, the source of the underestimation points 

to the emissions considered, those being highly uncertain. 

 

 
Figure 4: Same as Figure 3 for TECNALIA – 12 (left panel) and TECNALIA -13 (right panel). 

 

‘Binarizing’ PM10 concentrations (PM10 = 1 (yes) if modelled value is higher than zero and PM10 = 0 

(no) if not) shows that the model captured the event in terms of start and ending times (Figure 5). 

Considering that the existence of an event is highly dependent on the wind speed and direction, this again 

suggest the emissions as main source of error. 

 

 
Figure 5: Observed and background PM10 concentration in BECSA -2, BECSA – 3, TECNALIA – 13 and 

TECNALIA – 14. Red areas correspond to the ‘binarized’ PM10 signal 



CONCLUSIONS 

An event where the diffusive emissions due to the port activity impact populated areas is simulated by a 

combination of WRF and CALPUFF models. The meteorological model shows the ability to reproduce 

wind field in four locations, two next to the sources and two next to the areas where people live. The 

pollutant dispersion model highly overestimates the impact next to the source and underestimates what 

observed next to the population.  

 

‘Binarized’ PM10 results, shows that the event is properly captured in terms of start and ending times, hence 

pointing to the emissions as the source of errors.  

 

While this is a good results in terms of meteorological modelling in complex terrain, shows important bias 

in the emissions. In this context, more research is to be done, to better reproduce the impact of port activities. 

One of the possible lines of research is the application of bias correction techniques to make the binarize 

signal fits the observations. ‘Binarizing’ the signal represents a good technique for impact analysis, isolating 

the effect of emission factors on the results. 
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