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Introduction 

 

Outdoor air pollution is one of the most serious environmental issues in the 21st century. 

Atmospheric dispersion models are important tools for environmental protection and risk 

assessment to predict the transport, physical and chemical transformation and deposition of 

hazardous materials emitted into the atmosphere. The transport of pollutants is simulated 

considering the wind-driven advection, the turbulent diffusion, as well as dry and wet 

deposition processes. Fields of applications of dispersion modeling software or their results 

range from basic research through decision support to public information. 

Selection of the most appropriate physical model for a specific case largely depends on the 

spatial scale of the dispersion. The nuclear accident of Chernobyl showed that air pollutants 

from a single release can cause health and environmental risks on a hemispheric or global 

scale. Similarly to the Chernobyl accident, the 2011 Japan earthquake, tsunami and nuclear 

disaster motivated further development of continental to global scale dispersion models. In 

the years after the Fukushima event, great efforts were made for the monitoring and 

simulation of the dispersion process covering the entire Northern Hemisphere through 

several weeks. To contribute to this purpose, benefiting from experiences of the post-

Fukushima modeling studies and domestic user feedbacks, our aim was to develop a global 

scale Lagrangian dispersion model. The resulting RAPTOR model provided a new, 

independent tool to study the global scale dispersion of radionuclides released from 

Fukushima.  

Development and application of atmospheric dispersion models has been an active research 

field for more than a decade at Eötvös Loránd University, Department of Meteorology. The 

research and industrial applications of TREX (Transport-Exchange) regional scale 

dispersion model provided an important background for this research. In compliance with 

user requirements, our new model can be run with data from global (GFS, ERA-Interim) and 

limited area (WRF, ALADIN) numerical weather prediction models, and is extended with a 

Gaussian plume model for local scale simulations. As a result, a multi-scale modeling system 

is now applicable for the simulation of atmospheric transport processes on spatial scales 

ranging from a few kilometers to the global scale. 
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Methods 

 

Local scale dispersion problems in simple conditions (in terms of terrain, meteorology and 

chemistry) can be simulated with a Gaussian plume model, developed following the standard 

method for stack releases. Assuming stationary and homogenous flow field and emission, 

the concentration field is estimated as a two-dimensional normal distribution, centered 

around the downwind axis from the source point. The source altitude is estimated with 

Brigg’s method for the calculation of the effective stack height, while the spreads of the 

normal distribution in the crosswind and vertical directions are parameterized based on the 

Monin–Obukhov length and the downwind distance from the source. 

The developed RAPTOR Lagrangian particle dispersion model (LPDM) calculates single 

particle trajectories considering advection and turbulent diffusion. For easy integration with 

geographic information systems, the model uses latitude-longitude horizontal and z 

(absolute) vertical coordinate system. Turbulent motions are assumed to follow a Markov 

process (random walk) described by the Langevin equation. Concentration field is estimated 

as a diagnostic variable through the total mass represented by all particles within a given 

volume around the receptor point. Planetary boundary layer height, sensible heat and 

momentum fluxes are obtained from the coupled numerical weather prediction model to 

parameterize the vertical profile of turbulence intensity with Hanna’s method, based on the 

Monin–Obukhov length. Complex terrain is taken into account using the 1 km resolution 

GLOBE digital elevation model.  

The RAPTOR model uses a first order scheme to solve the stochastic ordinary differential 

equations of particle motion. Numerical timestep is adjusted to the tenth of the Lagrangian 

timescale of turbulence, bounded by a pre-defined minimum value. The number of particles 

necessary to obtain consistent results ranges from tens of thousands on regional scale to a 

few millions on global scale. 
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Results 

 

A summary of the main findings of the research: 

 

1. A newly developed, local to global scale Lagrangian particle dispersion model 

(RAPTOR) has been developed and validated with measurements from the ETEX 

(European Tracer Experiment) dataset. Difference between RAPTOR and other 

reference models was found to be smaller than uncertainties caused by the input 

meteorological data. The most significant aspect of the improvement of dispersion 

simulations is the improvement of numerical weather analysis and prediction, 

therefore the RAPTOR model was made ready to use input data from several state-

of-the-art numerical weather prediction systems (GFS, ERA-Interim, WRF, 

ALADIN). 

 

2. A Gaussian plume model has been developed and applied to investigate the 

consequences of a long-term release from the Budapest Chemical Works industrial 

site. Spatial and temporal sensitivities for a continuous release by evaporation and 

deflation were calculated for the 2003-2015 period. Weather-dependent emission 

(through friction velocity and temperature) proved to be the key factor to drive the 

pollution pattern, resulting in a spring-summer and daytime maximum of 

concentrations. Annual and diurnal variation of vertical mixing efficiency in the 

planetary boundary layer could only weakly counteract to this effect. Deflation is 

very sensitive to the wind speed, therefore third of the total dust emission was 

caused by strong-wind cases covering only 3% of the 13-year long period. In similar 

situations, even if the regular deflation can not be avoided, the long-term impact 

can be significantly reduced by applying countermeasures in a few strong-wind 

cases.  

 

3. The Lagrangian particle dispersion model was applied to simulate the atmospheric 

transport pathway of radioiodine released from the Institute of Isotopes in Budapest 

in the autumn of 2011. In case of the release on 4 November 2011, a synoptic 

situation with low-level inversion and wind shear was identified that caused serious 

uncertainties in dispersion model results. By the comparison of different models, 
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we concluded that the low-level regional transport process below the inversion 

layer could only be reconstructed with online integrated simulations. The source of 

error was the overestimation of planetary boundary layer height in numerical 

weather prediction models. However, deterministic trajectories (neglecting 

turbulent diffusion) and the surface wind field made it possible for the user to 

recognize the model error. In the presence of low-level inversion and wind shear, 

dispersion model results must not be interpreted without considering deterministic 

trajectories and synoptic analysis.  

 

4. The RAPTOR Lagrangian particle dispersion model was used to simulate the global 

atmospheric dispersion pathway and activity concentrations after the radioactive 

release from Fukushima in the spring of 2011. Model results were compared to 

measurement data from 178 sites around the Northern Hemisphere. The accuracy 

of 1–3 days for arrival times and one order of magnitude for peak concentrations 

was achievable on global scale, similarly to other published dispersion model 

results. The processes of deep convection and atmospheric iodine chemistry were 

the main sources of uncertainty. A systematic underestimation was found in the 

modeled radioiodine concentrations which was not present in case of radiocaesium. 

The same phenomena were found in other published modeling studies, suggesting 

that the total Fukushima-derived radioiodine release was larger than the 150 PBq 

estimated by the current emission scenario.  

 

5. The RAPTOR Lagrangian particle dispersion model was used to reconstruct the 

atmospheric processes driving the dispersion in different regions of the Northern 

Hemisphere. The zonal jet stream provided rapid hemispheric transport, returning 

to the source longitude within three weeks from the first emission. First surface 

detections of materials dispersed on global scale are related to the jet stream 

location. A significant question is whether the East Asian region was affected by 

direct pollution from Fukushima before the arrival of the zonal hemispheric 

transport. The known direct transport pathway from Fukushima to Southeast Asia 

was confirmed by our results, which also showed early westward radionuclide 

transport to Korea and China in the last week of March 2011.  
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