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Contents of the course

■■ General discussion of the General discussion of the systems of systems of PDEsPDEs  arising inarising in
environmental modelling and the justification of theenvironmental modelling and the justification of the
need of high-speed computersneed of high-speed computers

■■ Use of Use of splittingsplitting techniques in the numerical treatment techniques in the numerical treatment
of the modelsof the models

■■ Treatment of the Treatment of the advection advection (the horizontal transport)(the horizontal transport)
partpart in an environmental model in an environmental model

■■ Treatment of the Treatment of the chemical partchemical part: general ideas and: general ideas and
major numerical methods used in this sub-modelmajor numerical methods used in this sub-model

■■ PartitioningPartitioning the ODE systems describing the chemical the ODE systems describing the chemical
reactionsreactions



Contents of the course: continuation

■■ OptimizingOptimizing the  the matrix computationsmatrix computations (types of the (types of the
matrices arising in different parts of anmatrices arising in different parts of an
environmental model)environmental model)

■■ Parallel computationsParallel computations: need for parallel: need for parallel
computations and major requirements (standardcomputations and major requirements (standard
tools + portability). Use of templatestools + portability). Use of templates

■■ Discussion of some typical Discussion of some typical applicationsapplications related to related to
different environmental studiesdifferent environmental studies

■■ Impact of Impact of future climate changesfuture climate changes on  on high pollutionhigh pollution
levelslevels

■■ Open problemsOpen problems and plans for future research and plans for future research
effortsefforts



General discussion of the models

1.1.  WhyWhy  environmental modelling?environmental modelling?

2.2.  Major Major physical and chemical processesphysical and chemical processes

3.3.  Mathematical Mathematical description of the processesdescription of the processes

4.4.  NeedNeed  for splittingfor splitting

5.5.  Computational Computational   difficultiesdifficulties

6.6.  Need forNeed for faster and accurate  faster and accurate algorithmsalgorithms

7.7.  Different Different matrixmatrix  computationscomputations

8.8.  Inverse andInverse and optimization optimization  problemsproblems

9.9.  UnresolvedUnresolved  problemsproblems



Great environmental challenges
in the 21st century

1. More detailed information about the pollution1. More detailed information about the pollution
levels and  the possible damaging effectslevels and  the possible damaging effects

2. More reliable information (especially about2. More reliable information (especially about
worst cases)worst cases)

How to resolve these two tasks?How to resolve these two tasks?

Models Models vs vs measurementsmeasurements



1. Why environmental models?

■■ DistributionDistribution of the pollution levels of the pollution levels

■■ TrendsTrends in the development of pollution in the development of pollution
levelslevels

■■ Establishment of Establishment of relationshipsrelationships between between
pollution levels and key parameterspollution levels and key parameters
(emissions, meteorological conditions,(emissions, meteorological conditions,
boundary conditions, boundary conditions, etcetc.)..).

■■ PredictingPredicting appearance of high levels appearance of high levels









2. Major physical processes
■■   Horizontal transportHorizontal transport ( (advectionadvection))

■■  Horizontal diffusion Horizontal diffusion

■■  Deposition (dry and wet) Deposition (dry and wet)

■■  Chemical reactions Chemical reactions + emissions + emissions

■■   Vertical transport and diffusionVertical transport and diffusion

----------------------------------------------------------------------------------------

Major task:Major task: Describe these processes Describe these processes
mathematically and unite the resultingmathematically and unite the resulting
mathematical terms in a modelmathematical terms in a model



3. Mathematical Models3. Mathematical Models
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4. Need for splitting
■■ BagrinowskiiBagrinowskii and and Godunov Godunov 1957 1957

■■ StrangStrang 1968 1968

■■ Marchuk Marchuk 1968, 1968, 19821982

■■ McRayMcRay,, Goodin Goodin and and Seinfeld Seinfeld 1982 1982

■■ Lancer and Lancer and Verwer Verwer 19991999

■■ DimovDimov, , Farago Farago and and Zlatev Zlatev 19991999

■■ Zlatev Zlatev 19951995



4. Criteria for choosing the
splitting procedure

■■ AccuracyAccuracy

■■ EfficiencyEfficiency

■■ Preservation of the propertiesPreservation of the properties of the of the
involved operatorsinvolved operators



5. Resulting ODE systems
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6. Size of the ODE systems6. Size of the ODE systems

■■ (480x480x10) grid and 35 species results(480x480x10) grid and 35 species results
in ODE systems with more than in ODE systems with more than 80 mill80 mill..
equations (equations (8 mill.8 mill. in the 2-D case). in the 2-D case).

■■ More than More than 20000 time-steps20000 time-steps are to be are to be
carried out for a run with meteorologicalcarried out for a run with meteorological
data covering one month.data covering one month.

■■ Sometimes the model has to be run over aSometimes the model has to be run over a
time period of up to time period of up to 10 years10 years..

■■ Different Different scenarios scenarios have to be tested.have to be tested.



7. Matrix Computations
■■ Fast Fast Fourier Fourier TransformsTransforms

■■ Banded matricesBanded matrices

■■ TriTri-diagonal matrices-diagonal matrices

■■ General sparse matricesGeneral sparse matrices

■■ DenseDense matrices matrices

Typical feature:Typical feature: The matrices are not large, The matrices are not large,
but these are to be handled but these are to be handled many timesmany times in in
everyevery sub-module during  sub-module during everyevery time-step time-step



8. Major requirements
■■  Efficient performance on a single Efficient performance on a single

processorprocessor

■■  Reordering of the operations Reordering of the operations

------------------------------------------------------------------------------------------------------------

What about parallel tasks?What about parallel tasks?

““ Parallel computation actually reflects theParallel computation actually reflects the
concurrent character of manyconcurrent character of many
applications”applications”

      D. J.D. J. Evans Evans (1990) (1990)



9. Why is a good
performance needed?

Non-Non-optimizedoptimized code, one month simulation:  about 5.4 hours code, one month simulation:  about 5.4 hours

Ten-year run, one scenario Ten-year run, one scenario                            :  about 27 days                         :  about 27 days

24 scenarios with 24 scenarios with biogenic biogenic emissions            :  emissions            :  about 22 monthsabout 22 months

                    GridGrid                                      Comp. TimeComp. Time

         (96x96)                about          (96x96)                about 14.4 days14.4 days (speed-up: 45.8) (speed-up: 45.8)

       (288x288)              about 196  days (       (288x288)              about 196  days (one scenario 8.2 daysone scenario 8.2 days))

----------------------------------------------------------------------------------------------------------------

IBM  IBM  “ Night Hawk”“ Night Hawk”   (2 nodes);     (2 nodes);   NSIZE=48NSIZE=48



10. Other challenges

■■ Need for Need for optimaloptimal solutions solutions

■■ Treatment of Treatment of inverseinverse problems problems

OpenOpen questions questions


