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EURAD-IM model
•Developed since 1987;

•Rheinish Institute of 
Environmental Research at the 
University of Cologne (RIU);
•Based on EURAD-CTM 
(EURopean Air Pollution 
Dispersion-Chemistry Transport 
Model);
•It is part of European Union 
COPERNICUS CAMS project.

http://db.eurad.uni-koeln.de/index2_e.h
tml?/monitoring/aqada.php
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• Regional scale (15 to 1 km resolution)
▪ Central Europe (5km)
▪ Black Sea Area (15km)
▪ NRW (5km)
▪ Ruhr-Rur Area (1km)
 

•Main institutional user: 
  EPA

 
 This can be transferred to Georgia

❑ Provide air quality forecasts for Europe and 
selected regions,

❑ Combine models with data for optimal analyses

Objective of the IM group, in the frame of a large 
European Union Project Copernicus CAMS
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5

Example: 
Central Europe and local area with 
JülichEURAD-IM nesting 

EURAD-IM  Ruhr-Rur Area
nested into the AIRSHED domain

1 km resolution15 km resolution

5 km resolution

http://www.regional.atmosphere.copernicus.eu/index.php

http://db.eurad.uni-koeln.de/de/vorhersage/eurad-im.php

CAMS 50 Services

RIU extended  services incl. regional downscaling

http://www.regional.atmosphere.copernicus.eu/index.php
http://db.eurad.uni-koeln.de/de/vorhersage/eurad-im.php
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Research Plan
● Studying  code of Eurad-IM model

○ Extracting advection numerical scheme

● Studying theoretical and numerical properties of the 
schemes
○ Stability analysis
○ New advection test cases
○ Numerical experiments

● Adjoint advection schemes
○ New artificial source term method for adjoint 

development

● Data assimilation experiments 
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EURAD-IM advection schemes
● Bott's area-preserving flux-form (APF) scheme

● Monotone version of APF (MAPF) scheme

● Walcek scheme

● Smolarkiewicz scheme

● Prathers scheme
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Bott's area-preserving flux-form (APF)  and 
Monotone version of APF (MAPF) schemes 

Equation for transport of non-diffusivity quantity

Finite-difference flux-form

● Upstream method flux

● Bott’s method flux

where 

The Bott’s monotonic scheme 
is a monotonic version of the 
Bott's original scheme
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Walcek scheme
Advection equation of constituent concentration 
within a moving fluid 

Numerical fluxes: 

D is the fluid density: 
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Smolarkiewicz scheme
Continuity equation for advection of 
non-diffusive quantity in flow field

Upstream advection scheme

where

Eventually the scheme has the following look:
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Theoretical study of numerical schemes
Von Neumann stability analysis of Bott’s scheme
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New fast and efficient method for adjoint development. The method can be used 
when the numerical flux function is limited with or without flux limiters 

Artificial source term method for adjoint schemes

● Adjoint advection equation

● Adjoint advection scheme
Numerical flux using  
forward scheme



Shota Rustaveli 
National Science 
Foundation

Numerical experiments
❏ Advection experiments for forward schemes
❏ Rotational flow field test
❏ Smolarkiewicz deformational flow field test
❏ Divergent flow field test

❏ Advection experiments for adjoint schemes
❏ Rotational flow field test
❏ divergence flow field test

❏ Data assimilation experiments
❏ Convergence of iterative process
❏ Manipulating with weights of background and observation terms
❏ Impact of number of observations
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Experiment 1: Rotational flow field test
Goals :
➢ Studying  advection schemes of EURAD-IM model for different initial 

data.
➢ Comparison of schemes.

❖ Velocity vector components : u(x,y)=-0.1(y-70) ;      
v(x,y)=0.1(x-70)

❖ Domain 150x150 nodes; Spatial steps Δx=Δy=1; Time step 
Δt=0.04;

❖ One full rotation -1570 time steps.
❖  initial conditions :
❏ cone with maximum  height 4, with base  radius 10 unit .
❏ cylinder with radius 10 and height 4 center at (100, 100). 
❏ the slotted cylinder.
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3.Bott monotone scheme 
4. Walcek scheme

Result for Rotational Cone after one full  rotation, 
1570 time steps,

Bott scheme
initial condition and result after one 
rotation, 1570 time steps,

1.Smolarkiewicz scheme, 2. Bott scheme

Results (I)
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Slotted cylinder after one full  rotation, 1570 time steps

1. Smolarkiewicz scheme, 

4. Walcek scheme
3. Bott monotone scheme 

2. Bott scheme

Results (II).
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Results (III).
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Experiment 2:

results after 38 and 75 iteration: 
1.Smolarkiewicz scheme, 2. Bott scheme; 
3. Bott monotone scheme 4. Walcek scheme

Goal:
● Check stability of numerical 

schemes
Smolarkiewicz deformational flow 
field test.
❏ Domain is [0,100]X [0,100], with 

spatial step 1.
❏ Initial condition is cone with 

center at (50 ,50 ), height 4, 
radius 15 unit.

The velocity field is :



Shota Rustaveli 
National Science 
Foundation

Results after 3768 time steps: 
1.Smolarkiewicz scheme, 2. Bott scheme

First 100 time step  with Bott scheme

Results: Smolarkiewicz deformational flow 
field test.
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Experiment 3: Divergent flow field test
❖ Domain is  [0 ; 2π]× [- π/2; π/2 ].
❖ Initial condition is two cone with center at 

(3/4 π ;0) and in  (5/4 π ; 0) points, with 
radius  π/8 and height 1 unit.

❖ Velocity vector fields:

1. Smolarkiewicz scheme, 2. Bott scheme

3. Bott monotone scheme 

4. Walcek scheme
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2. Bott scheme1. Bott monotone scheme 3. Walcek scheme

Results: Divergent flow field test
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Goal:
● comparison of adjoints of advection schemes;
● chek new artificial source term method

 

❏ This numerical experiment is same as numerical experiment 1;
❏ Adjoint of schemes is built with artificial source term method.
❏ Initial condition are :
❏ cone
❏ slotted cylinder 

Experiment 4: Advection tests for adjoint 
advection schemes
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error norms for moving cone after 1570 time iteration

error norms for moving slotted cylinder after 1570 time iteration

2. Bott scheme

1. Smolarkiewicz scheme, 

3. Bott monotone scheme 

4. Walcek scheme

 Bott scheme      Walcek scheme
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Experiment  5: test for data assimilation
Convergence of iteration process
❏ Data assimilation experiment for rotational cone test;
❏  Walcek scheme. 
❏ 300 LBFGS iterations. 
❏ 5625 observation points. 

.

Cost function for first 10  LBFGS iterations and the second picture  shows cost 
functions for 290-300 LBFGS iterations. 
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Experiment 6: Manipulating with weights of 
background and observation terms

● Cost functions for different weights for first 10 
LBFGS iteration and  for 50 LBFGS iteration.

● Coefficient of observation term and Cost 
function after 50 LBFGS interation

● increase weight of observation term up to 1 
and at the same time we decrease weight of 
background term down to 0.
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Experiment 7: Impact of number of 
observations

● 22500 grid points 
● Observation points: 2814, 

5625,11250 and 22500 
● 50 LBFGS iterations. 

Idealized case when observations 
are given in all nodal points of the 
grid.
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Thank you for your attention!


