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ATMOSPHERIC DISPERSION MODELLING — PROGNOSTIC WIND FIELD LIB RARIES
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Abstract: Diagnostic wind field models are widely used &calate wind fields applied in Lagrangian dispemsmodels. The applicability

of such models is limited in steep and complexatarrPrognostic wind field models are able to deih such orography. The method
“prognostic wind field library* allows the applidah of prognostic wind fields in standard dispensimodels. The concept is illustrated
schematically and by examples. The benefits condparthe standard approach are demonstrated.
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INTRODUCTION

Diagnostic models are a fast and efficient tooldalculating wind fields. Those wind fields are wlig used in dispersion
modelling, for example in governmental licensingggadures in Germany. But, due to their physical dation, those

models are limited in certain ways. For exampl@rabteristics of air flows in complex and steepdier, like eddies in the
wake of hills, cannot be simulated.

Hence, for example the Technical Instructions on Giuality, which defines the rules for dispersiandelling in Germany,

limits the appliance of such models with a steepreegeria: Only in terrain with differences ineeation less than 1:5 the
models can be applied safely.

Already in low mountain ranges all across Europis, ¢riterion is violated. Without an adequate teghe, the legal security
of licensing procedures with dispersion modellingiuch terrain is restricted.

How to process in steep terrain? A possible approabich allows operation in steep terrain andioaorporate thermically

induced wind systems like cold air flows, is thecept of a prognostic wind field library. The meathis rather simple: the
diagnostic wind fields are replaced by wind fietdéculated with a prognostic wind field model. Tawual modelling of the

dispersion remains unchanged.

The approach of the prognostic wind field librarill e explained conceptionally as well as illustch with an example
from the practical experience.

BASICS

The lagrangian based model which forecasts, fompia the dispersion of pollutants, is structuredhiree steps (Fig. 1).
First, the surveyor selects the topography of thvestigation area and meteorological data apprapt@athe topic. In the
“classic” approach, a diagnostic wind field modelcalates wind fields for different oncoming flovirettions and wind

speeds. Those classified wind fields are stored $0 called library. The lagrangian dispersion rh¢elg. AUSTAL2000)

accesses that library for each simulated situadimh chooses the appropriate wind fields (dependmgind direction and
turbulence of the atmosphere). This procedurerg @eonomic concerning calculation time, sincergmmputation of wind
fields, which would be necessary for every houthefyear otherwise, is omitted.
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Figure 8. Scheme of the different steps in lagramgiispersion modelling. Blue path is the “classipproach with wind fields generated by
a diagnostic model, orange with use of a prognestid field model.

This procedure has proved itself reliable for yeangractice. But, as explained in the introductithre use is limited in steep
terrain due to the characteristics of the commaskyd diagnostic wind field model. Neverthelessiamgywhich do not fulfil
the criteria of a diagnostic model are not rarerelcent years, different solutions to this probleswe been developed. The
convenient method of a prognostic wind field lilyraill be explained here.

Models, which can be applied in steep terrain,paiognostic wind field models. These mesoscale nsolik¢ FITNAH or
METRAS solve the complete three-dimensional equatiaf motion to calculate atmospheric flows. Dyneatty as well as
thermally induced wind systems (e.g. cold air flpwan be provided without constraints concernirgy dhography and its
steepness. The method of a prognostic wind fiélcty is based on the easy and obvious approaichply prognostically
calculated wind fields in spite of diagnostic orfes dispersion modelling. Those wind fields arecatdted considering
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terrain and meteorology and stored in the libr&ig.(1, orange path). The dispersion model cansacttese wind fields for
the simulation, the classic approach is retained.

In detail, the service of a prognostic model anel ¢bnversion of its results to wind fields valid f specific dispersion
model demand high standards for computing powevedisas a high grade of the user’'s experience. Mhoontrolling and

treatment of the results is essential. Hence, thmptexity of dispersion modelling based on progmoshodels is

considerably higher compared to the standard method

Application example

In low mountain ranges, steep terrain is widelyeagde Emissions in deeply carved river valleys, Whitfluences cannot be
expected to be limited to the valley volume, carm®handled by the standard diagnostic approaah fallowing example
demonstrates the capability of prognostic winddfiglodels and the method of a prognostic wind fiiblchry.
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Figure 2. Orography of the area under investigation

The area under investigation contains a narroweyand its tributary valleys (Fig. 2). In the nenth part of the area the
main valley is oriented southeast to northweststiieghern half form south to north.
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Figure 3. Slope in the area of investigation (clalimd for a horizontal distance of 100 m). Red eddndicate areas which excess a slope of
1:5, which is the slope limit for diagnostic wiridll models in the German Technical Instruction®orQuality.
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At the adjoining ridges of the valleys, high valudghe slope occur (Fig. 3), which forbids the néa diagnostic wind field
model.

Meteorological data, which is adequate for dispersnodelling, is sampled at a very limited numbiesites. The wind field
model performs the task to spread those singuliat gata to the whole area of investigation andvedl the dispersion model
to determine the distribution of pollution. Metelmgical data used in the context of a prognostiedafield library has to
represent the characteristics of large-scale cimmditindependent of local orographic effects.

Figure 4. Frequency distribution of wind directiaplied in the described example.

In the area of investigation, temporary local mettsmical measurements were available, which cddised to validate
the results of the wind field model. Measuremehtssthe channelling effect of orography (Fig. %).the northern part of
the valley, the frequency distribution of the measuents is clearly different from the southern part

Figure 5. Frequency distribution of wind directipnmeasured at different sites along the valley.
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The calculated frequency distributions of wind direns, based on the wind fields of the prognostadel (used model:

METRAS-PC), display comparable characteristics ortteasurements. The influence of the valley shapgaeflow can be

reproduced; a distinct turn between the distrimgian north and south is obvious (Fig. 6, righth @e contrary, the

frequency distribution of wind directions as a tesaf diagnostic wind fields (used model: TALdiagveals significant

differences compared to the measurements (Figfty, Especially in the northern part of the atéa, diagnostic model does
not reproduce the orographic effects as realisyies the prognostic one.

e

Figure 6. Calculated frequency distribution of wiicections of one year, left: based on diagnosiitit: based on prognostic wind fields.

Accordingly, the results of dispersion modellingpiying diagnostic and prognostic wind fields aré&efent. For a low
source of odours (height 10 m above ground) emiitethe northern part of the area, diagnosticalsdsl dispersion
modelling shows pollution parallel as well as pewtieular to the valley orientation (Fig. 7).
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Figure 7. Calculated pollution of an odour sourdthwa height of 10 m (left: based on prognostighti diagnostic wind fields).

The distribution of odour based on prognostic wiiettls is slimmer and more parallel to the valle\ence, the calculated
exposure affects different places in the valley parad to the diagnostic simulation.
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CONCLUSIONS

The method of a prognostic wind field library allwn appropriate dispersion modelling beyond tlopeof the standard
approach. The discussed example from practical wbdws the differences between diagnostic and psigncomputed
wind fields and the resulting frequency distribatiof wind directions, induced by a steep area ekstigation. The
prognostic model shows adequate results even ardggneous and complex terrain, impressively shoyine comparison
with available nature wind measurements. The ino@ted wind fields determine the results of disjpersnodelling. Only

with the appliance of sophisticated methods likeeghognostic wind field library, can prognoses mfieonmental impacts in
steep and complex terrain be provided in a reliabl: comprehensible way.
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