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Abstract. The paper presents the results of one-way coupling of a large eddy simulation model 

and an atmospheric composition and diffusion complex SILAM. This study investigates a 

possibility of large eddy simulation time data coarsening (filtering) for use in SILAM for 

microscale calculations. Experiments with scalar tracers with a limited lifetime are carried out 

under conditions of convective boundary layer. A comparison between the calculations with 

filtered and nonfiltered data demonstrate that time data coarsening is possible without a 

significant loss in accuracy for tracers whose lifetime is much longer than the coarsening scale 

and the timestep of the filtered data. 

1. Introduction 

Currently, cities are centers of concentration of business activity, industry, and population. And the 

larger and more complex they become, the more demand arises for the assessment of the 

meteorological conditions and air quality within their territory on the scale of individual districts, 

streets, and buildings, since these characteristics affect human health, the state of the environment, the 

operation of enterprises, and even the value of territories. To create forecasts and study the 

characteristic processes on a microscale, numerical modeling is required, and most difficult is air 

quality modeling, that is, the calculation of emissions, reactions, transformations, transport, decay, and 

deposition of gases and aerosols. This requires not only correct consideration of the interactions 

themselves, but also meteorological data with high spatial and temporal resolution, which is due to the 
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complex geometry of buildings and the heterogeneous structure of the atmospheric flow in urban 

environments. 

An example of a model that calculates dispersion and a wide range of interactions for many 

different types of particles and gases is a model SILAM developed by the Finnish Meteorological 

Institute [1]. This model is being actively used to calculate the transport of gases and particles on the 

global and mesoscales, but now its use on the microscale for urban conditions is of great interest, too. 

On the global and mesoscales, the SILAM model receives meteorological fields from the global and 

mesometeorological models, respectively, but an urban case needs a data source with a much higher 

spatial and temporal resolution that takes into account the geometry of individual buildings. Such a 

tool is LES (large eddy simulation) modeling; in this work, one-way conjugation of the LES model of 

the Research Computing Center of Moscow State University and Marchuk Institute of Numerical 

Mathematics of the Russian Academy of Sciences (see [2; 3]) and the SILAM model is carried out. 

However, the transfer of data from all spatial cells at all time steps from the LES model is practically 

impossible, since to obtain real-time data it is necessary to embed the entire SILAM model into the 

LES model, and saving all these data for subsequent SILAM forcing requires an unacceptably large 

memory. In this regard, the question arises of how much time resolution can be sacrificed without 

compromising the quality of tracer transfer calculation. Thus, the main goal of this work is to evaluate 

the possibility of time-coarsening the output data of the LES model for transmission to the SILAM 

model. 

2. Use of LES data in the SILAM model 

The SILAM (System for Integrated modelling of Atmospheric composition) model is a dispersion 

model developed by the Finnish Meteorological Institute to model atmospheric composition and air 

quality, as well as to solve inverse dispersion problems. The model implements the Euler and 

Lagrangian transfer methods, 8 physical and chemical transformation modules, and data assimilation. 

The SILAM model does not calculate the fields of meteorological values necessary for transport 

modelling; these fields enter the model as a result of assimilation of input data that can be obtained, 

for example, from hydrodynamic models. 

Until now, the SILAM model has been used for calculations on the global and mesoscale; the input 

data for such calculations were assimilated from the global and mesoscale hydrodynamic models. The 

characteristic order of the timestep in the SILAM model for such calculations is one hour, and the 

space resolution is from kilometres to tens of kilometres. Calculations in urban conditions require the 

availability of input meteorological data with a dramatically higher spatial and temporal resolution, 

since the processes responsible for the transport of particles and gases can have a scale smaller than 

the street width, and the concentration gradients can reach very high values due to the heterogeneity of 

the sources and the complex structure of the air flows.  

The tool that meets the requirements for high resolution is LES modelling. It allows explicit 

resolution of a wide range of turbulence scales, which is especially important in a city where airflows 

can be highly variable. In this work, the hydrodynamic LES model of the Research Computing Center 

of Moscow State University and the Marchuk Institute of Numerical Mathematics of the Russian 

Academy of Sciences serves as a data source for the SILAM model. It allows one to calculate high-

resolution meteorological fields, including conditions with a given surface geometry, and also 

simulates the transport of scalars and particles using the Euler and Lagrangian methods. At this stage, 

it is not possible to integrate the models into each other for joint calculations in real time. The SILAM 

model forcing is possible in the form of transferring of the LES model output dataset corresponding to 

a certain modelling period. However, this provision of data also has a problem: the full set of output 

data from the LES model takes up a very large memory. For example, for a computational grid of 512 

by 512 by 128 cells (~33.5 million cells) the output file containing information about the values of one 

variable in all cells of the grid at one moment takes about 140 MB of the disk space. With a 

characteristic timestep of 0.1 s and a simulation period of 1 hour, the total file size for one variable 

will reach 4.8 TB, and the set of 5 variables used in SILAM will take 24 TB. Processing and 
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transmitting such a data volume for each simulation is time consuming and requires computational 

power, although this is far from the most detailed computational grid: an increase in the number of 

cells along each axis by 2 times will lead to an increase in the data volume up to 192 TB. 

The problem of a large amount of data can be solved by their coarsening or filtering in time and 

space. As shown in [4], modeling of chemistry and transport in urban canyons using a coarse grid 

based on LES data can be very successful. In the above-mentioned paper, based on the results of LES 

modeling, the main structures of the air currents inside a canyon are identified, then a coarsened grid is 

constructed that explicitly resolves only these structures, and the chemistry and transport of substances 

are calculated on it. This approach showed a good agreement with the data calculated directly in the 

LES model and made it possible to reduce the computational cost by several orders of magnitude. It is 

worth noting that LES modeling data are still required to identify airflow structures, but due to the fact 

that the calculation of chemistry and transport is carried out outside the LES, the overall computational 

costs are noticeably reduced without significant loss of accuracy. However, this method has so far 

been studied only for the geometry of canyons, in which large structures of the air flow can be 

unambiguously identified. 

In our work, a possibility of coarsening and filtering the LES data for subsequent transfer to the 

SILAM model is assessed. This task concerns a broader topic than in the article described above, since 

in the future it is planned to consider an arbitrary geometry of urban development. 

As part of one-way pairing with the SILAM model, the LES model used as a data source was 

compiled and run on a Finnish supercomputer Mahti [5] in a parallel computing mode; from 512 to 

2048 parallel processes were used. The output data of the model (four-dimensional fields of 

meteorological values) in their own binary format were transferred to the NetCDF format; in this form 

they were used in the SILAM model. The required input data were temperature fields, eddy diffusivity 

for scalars, and three wind speed components. 

To estimate the effect of data coarsening in both models, the transport of scalars (tracers imitating 

gases or aerosols) with a limited lifetime was calculated. The introduction of the lifetime of scalars 

imitates chemical reactions of varying intensity between these scalars and some abstract substance, 

whose concentration is abundant everywhere and is always sufficient to carry out the reaction. The 

consideration of scalars with different lifetimes makes it possible to estimate the importance of taking 

into account atmospheric structures of different scales, since turbulent fluctuations can have the same 

characteristic lifetimes as tracers. Correspondingly, data coarsening can affect chemical reactions of 

different intensity in different ways. 

In this paper, we consider a set of 7 scalars with lifetimes of 30, 60, 120, 240, 480, 960, and 1920 s. 

The values are chosen to cover approximately 1 order in each direction from the characteristic time 

scale for the convective boundary layer (CBL),          , where HCBL is the CBL height, and    is 

the convective velocity scale. In this series of experiments, the scale τ was equal to 240 s. The decay 

mechanism of tracers based on their lifetime is described by an additional term in the diffusion 

equation, which has the following form: 

 
  

  
 
     

  
 

  
   (1) 

where C is the tracer concentration, t is the time, and    is the tracer lifetime. 

Now the underlying surface is represented by a plane, and the chemical reactions are simulated by 

introducing the lifetime for the scalar tracers; however, in future work it is planned to carry out 

calculations with a realistic geometry of urban development and simulate a set of real chemical 

reactions and gases. 

3. Results 

3.1. Experiment conditions 

The conditions of the experiments corresponded to a non-stationary convective boundary layer. A 

detailed description of the experimental parameters is given in [6]. Such a regime of atmospheric 



CITES-2021
IOP Conf. Series: Earth and Environmental Science 1023 (2022) 012008

IOP Publishing
doi:10.1088/1755-1315/1023/1/012008

4

 

 

 

 

 

 

stratification is typical for urbanized territories due to the manifestation of an urban heat island. The 

lower boundary of the computational domain was a flat surface on which the emission (vertical flux at 

the boundary) of a whole set of Euler scalars with different lifetimes was specified. 

The duration of the simulation period was 1 hour, the timestep was 0.1 s, the computational area 

had dimensions of 8 by 8 by 2 km (length, width, height), and the number of grid cells was 512 by 512 

by 128. The figures below show the vertical profiles of the temperature (Fig. 1a) and the kinematic 

heat flux (Fig. 1b) at the end of the simulation. They clearly show the presence of a convective layer 

with an upper boundary at a height of about 450 m. 

a)

 

b) 

 
Figure 1. Vertical temperature profiles (a) and the kinematic heat flux (b) at the end of the LES 

calculation. 

Consider the resulting vertical wind speed field. A cross-section snapshot (Fig. 2) along the X and 

Z axes shows the formation of alternating vertical structures with rising and descending air. The 

structures have a horizontal size from several tens to a hundred meters and cover the entire CBL 

vertically. The zones of ascending movements have higher velocities but smaller horizontal 

dimensions. In general, the vertical wind speed field is non-uniform within the CBL, and maximum 

speeds are also observed within it, up to 4 m/s. 

 
Figure 2. Cross-section snapshot of vertical wind speed along the X and Z axes at the end of the 

LES calculation. 
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3.2. Comparison of LES and SILAM calculations 

In the LES model, the calculation of diffusion of scalars was carried out on unfiltered fields of velocity 

and eddy diffusivity coefficient with a timestep of 0.1 s. These fields were saved as output data with a 

timestep of 5 s on the same spatial grid, after which they were converted to the NetCDF format and 

used by the SILAM model to transfer the same set of tracers. In this case, the movements of all spatial 

scales were preserved, but their temporal variability decreased. 

Consider snapshots of the concentrations (Fig. 3 a-f) to look at the effects of temporal coarsening. 

It is clear that when coarsened (calculations in SILAM) the general structure of the concentration field 

is preserved, but it becomes more contrasting. The scalars are carried by larger ordered structures, the 

influence of diffusion is reduced, and the concentrations themselves more often take the form of 

narrow clouds with high values. The contrast increases as the scalar lifetime decreases, which can also 

be associated with a change in the contribution of ordered motion and diffusion to the tracer transport. 

a)  d)  

b)  e)  

c)

 

f)

 
Figure 3. Cross-section snapshots of tracer concentrations along the X and Z axes at the end of the 
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calculation from two models, (a, d) tracer with 1920-s lifetime, (b, e) 240-s lifetime, (c, f) 30-s 

lifetime, (a, b, c) LES, (d, e, f) SILAM. 

A comparison of the vertical concentration profiles is shown in Fig. 4 a-c. On the whole, the orders 

of magnitude of the concentrations coincide in both cases, and comparable profile shapes are 

observed. Differences are also observed: in the case of time filtering (SILAM), a more well-mixed 

profile is observed in most of the CBL (at altitudes of about 100 to 400 m). However, in this case more 

extended zones of high gradients are observed in the lower and upper parts of the CBL. 

Standard deviations of the concentrations (Fig. 4d) for a tracer with a lifetime of 1920 seconds have 

maximum values near the upper CBL limit. The lifetime of this scalar is much longer than the time 

required to reach the CBL top (see above,          ); thus, the increase in the CBL height and 

turbulence lead to such fluctuations at these heights. For tracers with a shorter lifetime, 240 s and 30 s 

(Fig. 4 e-f), the concentration standard deviations are smaller, and their maximum is observed at the 

lower boundary. Higher standard deviations are observed in SILAM, especially for long-lived tracers: 

this is consistent with the increase in the concentration field contrast in the previous plots. In the case 

of a short-lived tracer (30-s lifetime), the difference in the standard deviations between the models is 

small, but the differences in the concentration field itself are large. 

For a tracer with a lifetime of 1920 s, the maximum difference between the concentrations with 

(SILAM) and without (LES) filtration is about 9% of the concentration from the LES model, and the 

average difference is 3%. For an average tracer with a lifetime of 240 s, the maximum difference is 

19%, and the average one is 5%. In the case of a short-lived tracer with a lifetime of 30 s, the average 

difference is over 28%, which is a significant error. 

Thus, with a timestep of 5 s in the coarsened data, only those tracers whose lifetime is several 

orders of magnitude longer than the timestep were reproduced quite accurately. 

a)

 

d) 

 

b) 

 

e) 
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c) 

 

f) 

 

Figure 4. Vertical profiles of concentrations of tracers with lifetimes of 1920 s (a), 240 s (b), and 30 

s (c). Vertical profiles of concentration standard deviations of tracers with lifetimes of 1920 s (d), 

240 s (e), and 30 s (f). 

4. Conclusions 

This work presented the results of one-way pairing of the LES model and the SILAM complex. An 

estimate was also given of a possibility of the LES data coarsening in time for use in SILAM for 

microscale calculations. For this, experiments were carried out to calculate the transport of tracers with 

a limited lifetime under conditions of a non-stationary convective boundary layer. 

The results of comparing the LES and SILAM calculations demonstrate that data coarsening over 

time is possible without a significant loss of accuracy for the tracers whose lifetime is much longer 

than the coarsening scale and the timestep of the filtered (coarsened) data. From the point of view of 

chemical reactions in the atmosphere, this may mean that such coarsening is applicable in the study of 

relatively long-term processes which are not affected by fine turbulence. The specific scale of 

processes and coarsening can vary greatly depending on the conditions of each specific problem. 

It is planned to continue the study in the future with realistic urban development data and the 

addition of chemical reactions and existing gases and aerosols. 
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