
Computer treatment of the horizontal
advection in air pollution models
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1. Horizontal  advection
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c              - concentration   (unknown  function)
u  and  v - wind velocities (known  functions)



2. Numer ical treatment

■■ Parallel tasks (shared memory)Parallel tasks (shared memory)

        The calculations for a given compoundThe calculations for a given compound

■■ Numer ical methodsNumer ical methods

        Pseudo-spectral Pseudo-spectral discretization discretization ((ZlatevZlatev, 1984), 1984)

    Finite elements     Finite elements (Pepper et al., 1979)(Pepper et al., 1979)

        Finite differences (up-wind)Finite differences (up-wind)

    “ Positive” methods (    “ Positive” methods (BottBott , 1989; , 1989; HolmHolm, 1994), 1994)

        SemiSemi--Lagrangian Lagrangian algor ithms (algor ithms (NetaNeta, 1995), 1995)

        Wavelets  Wavelets  (not tr ied yet)(not tr ied yet)



3. Pseudo-spectral (PS) method
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3a. PS method - continuation
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Fourier coefficients

Use the derivative of the 
interpolation polynomial
to get approximations of the
derivatives of function  f



3b. PS method - convergence

I f I f   f(x)f(x)    is continuous andis continuous and  periodicperiodic  and ifand if

f´(x)f´(x)  is piece-wise continuous, then theis piece-wise continuous, then the

Four ier ser ies of Four ier ser ies of f(x)f(x)  convergesconverges  uniformlyuniformly

and absolutely to and absolutely to f(x).f(x).

Davis (1963)Davis (1963)



3c. PS method - accuracy
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It can be proved (Davis, 1963) that
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3d. PS method - drawbacks

Drawback Removing Reference
Equidistant
grids ?
Periodicity for
convergence Yes

Lyness,
1974

Periodicity for
accuracy Yes

Roache,
1971, 1978



4. Finite elements

The application of finite elements in theThe application of finite elements in the
advectionadvection module leads to an ODE module leads to an ODE
system:system:

gH
td

gd
P =

P  is  a constant matrix,
H depends on the wind

  Choice  of  method

11 )(, −− ∆− HtPP β



5. Predictor-corrector schemes
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6. Variation of the stepsize
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7. VSVFMs
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8. Convergence - 1
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8a. Convergence - 2

Theorem 1Theorem 1

If a If a selfstarting selfstarting VSVFM that is based on two-VSVFM that is based on two-

ordinate PC schemes corresponding to two-ordinate PC schemes corresponding to two-

ordinate basic PC schemes is applied on a gridordinate basic PC schemes is applied on a grid

which determines a stable which determines a stable stepsize stepsize selectionselection

strategy, then the VSVFM is consistent, zero-strategy, then the VSVFM is consistent, zero-

stable and convergent whenstable and convergent when
jforjq

j ∀<≤ 20 ][α



9. Absolute stability

Theorem 2Theorem 2

The length               of the absolute stabilityThe length               of the absolute stability

interval on the positive part of the imaginaryinterval on the positive part of the imaginary

axis cannot exceed            when a axis cannot exceed            when a basic PCbasic PC

scheme with        correctors is usedscheme with        correctors is used

imagh

1+jq
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10. Restrictions on the stepsize

HgP
dt

dg 1−=

Assumptions: 1.
TQQHP Λ=−1

2. iforimaginaryii ∀λ

3. |)max(| ìiλλ =

Then:
imaght ≤∆λ



11. Preserving the stability
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12. Choice of good PC schemes
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13. PLANS FOR FUTURE WORK

■■ AccuracyAccuracy control control

■■ Moving to Moving to fullyfully VSVFM mode VSVFM mode

■■ Object-oriented codeObject-oriented code

■■ Using 3-D Using 3-D refinedrefined resolution codes resolution codes

■■ Selection of Selection of higher orderhigher order methods methods

■■ Better Better couplingcoupling of the  of the advection advection processprocess
with the other physical processeswith the other physical processes

■■ Evaluation the Evaluation the splittingsplitting errors errors


