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Abstract. At MeteoSwiss an integrated modelling system is used to simulate the dispersion of radioactive
material in emergency situations. For the prediction of the atmospheric flow, the COSMO numerical weather
prediction model is used. The model is run operationally at 6.6 and 2.2 km horizontal resolution, respectively
and uses a 1.5 order turbulence closure with a prognostic equation for turbulent kinetic energy. Both versions
of the COSMO model are coupledidine with a Lagrangian particle dispersion model (LPDM). The aim of

this study is to investigate the sensitivity of the dispersion modelfterént interfacing approaches between
LPDM and the COSMO model. The diagnosed turbulence variables are validated on an ideal convective
case and two measurement campaigns. Simulations of hypothetical pollutant releases show tiiateht: di
interfacing approaches can lead to substantial changes in the forecasted concentrations.

1 Introduction 2 Methodology

. icle di , gel h At MeteoSwiss an integrated modelling system is used t
Lagrangian particle dispersion models are among the mosg;,jate the dispersion of radioactive material in emergenc|

sophisticated tools to simulate atmospheric dispersion of po"situations. In this system the COSMO numerical weathe
lutants. For this type of model the pollutant cloupl is_ _sim- prediction model is used for the prediction of the atmo-
ulated by a large number (more than 100 000) of |nd|V|duaISpheric flow. The COSMO model is a limited-area numerd

particles. To be able to calculate the trajectories of each partiz,| weather prediction model (Doms and Schaettler, 2002

cle, information from the mean atmospheric variables as Welk/vhich is being developed in the framework of the COSMO
as from the turbulence state of the atmosphere is required. IRonsortium (COnsortium for Small-scale MOdelling). At

most operational systems, the mean meteorological VariableﬁﬂeteoSwiss the COSMO model is run operationally at twd
can directly be extracted from a numerical weather IorediC'horizontal resolutions. COSMO-7 has a horizontal resolu
tion (NWP) model but turbulence characteristics have to betion of 6.6km and is integrated for 72 h twice a day on a
parameterized. This is done by using a meteorological pre uropean domain. COSMO-2 has a 2.2 km horizontal res

processor or interface. In the present study the sensitivity of| i and provides 24 h forecasts eight times a day for
a dispersion model to flerent interfacing approaches will

be pre_sented. First, the r_nodels_used operationally at Mes3 ation of atmospheric turbulence the COSMO model use
teoSwiss and two dierent diagnostic methods for turbulence o o044 half order closure (Buzzi et al., 2009), whict

variables are described. Second, the validation Ofdiagnosegorresponds to level 2.5 in the Mellor and Yamada nota

turbulence characteristics is presented and finally, the impagt | (Mellor and Yamada, 1982). This closure type carries 2
on dispersion characteristics is studied on a hypothetical po'brognostic equation for turbulent kinetic energy (TKE). The

lutant release. COSMO model predicts all the meteorological parameter
(e.g. wind and temperature profiles) which are relevant fo
dispersion modelling with high accuracy. At MeteoSwiss the
COSMO model is continuously verified against radio sound

Correspondence td. Szintai ings (Arpagaus, 2005) and surface observations (Kaufman
BY

(balazs.szintai@meteoswiss.ch) 2005).
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smaller domain covering Switzerland. For the parameterit
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The model used for the calculation of pollutant disper- For stable conditions standard deviations are assumed to de-
sion in an emergency situation is the Lagrangian Particlecrease linearly with height:
Dispersion Model (LPDM), which was developed by Glaab
et al. (1996) at the German Weather Service (DWD). InZu _ 2_0(1_ E) (6)
LPDM the trajectory of each particle is calculated using the Y h
actual wind speed at the position of the particle, which is
decomposed into a mean and a turbulent component. TheY = I _ 1.3(1— E). (7)
mean wind component is taken directly from the COSMO U U h
model, while the turbulent component is computed USINIgiandard deviations of the wind fluctuations derived accord-

the Langgvm eqqatlon (L_egg and Raupach, 1982). Evall.Jai'ng to this approach will be further referred to as the “Hanna”
tion of this equation requires the following turbulence vari-

. . . . method. To be able to use similarity theory approaches for
ables at the particle’s position: autocorrelation function and y y app

the Lagrangian timescale (parameterized according to Taylo};lhe determination of dispersion parameters, first the PBL
. X _ ight has to be di df COSMO model outputs.
(1921), and the standard deviation of the wind fluctuations, °l9 as Jo be diagnosed from modet outpurs

(ox). The latter are derived from the turbulent kinetic energy Several methods have been tested for this purpose, using,
k)- . . . _
(&), which is taken directly from the COSMO model: e.g., the bulk and gradient Richardson number, a TKE crite

rion or criteria on heat and momentum fluxes from the model.
o Various theoretical approaches for the evolution of both the
= 2 e, 1 . . .
7k Tk @ stable and convective PBL have been investigated over the
wheremy is the portion of TKE for the given coordinate di- Yyears. For the stable case the diagnostic multi-limit formula-
rection. In the standard application of LPDM the vertical tion by Zilitinkevich et al. (2007) is used in the present study,

portion of TKE is determined according to: while in the convective case the prognostic slab model of
Batchvarova and Gryning (1991) is applied. Results were
_ 0’_\%, _1 1+ 2R @) validated with profiles from five radio sounding stations over

2 3 “1-R;’ a one-month period (Fig. 1). Overall, methods based on
. . . . the bulk Richardson number and momentum fluxes of the
Rs is thgflux RlcharFison nur.nb.er ahg=0.052 is the ratio of COMSO model yield good agreement with measurements
the vertical and horizontal flusion length scales. In LPDM (Szintai and Kaufmann, 2008). PBL heights diagnosed form

a horizontally isotropic turbulence is assumed, which leadsyy g by ofiles are considerably overestimated. For the present

to: purpose both approaches (the bulk Ri and the TKE meth-
1 ods) to determine the boundary layer heights are employed
My =m, = 5(1 - My). ) insect4asa sensitivity test.

Standard deviations of velocity fluctuations derived accord-
ing to this approach will be further referred to as the “Direct” 3 Validation of turbulence characteristics
method.

A different approach to diagnose the turbulence variable§ he diagnosed turbulence variables are validated on several
for a dispersion model is to apply similarity theory considera- measurement data sets, before applying them to the disper-
tions. In this case usually the surface fluxes and a diagnosesion model. First, an ideally convective case is investigated,
planetary boundary layer (PBL) height is needed from thewhich is described in Mironov et al. (2000). The setting for
NWP model. This approach is used e.g. in the Lagrangiarthis simulation was a horizontally homogeneous and flat ter-
dispersion model FLEXPART (Stohl et al., 2005). In the rain with constant heating rate at the bottom. In the simula-
FLEXPART model the turbulence characteristics are param+ion no phase changes were considered (dry case) and wind
eterized according to Hanna (1982). In this approach for theshear was neglected. For this case the Large Eddy Simulation
diagnosis of turbulence characteristics the boundary layer palLES) data set is available that contains all the necessary tur-
rameterd, L, w,, zo andu, are used, i.e. the PBL height, the bulence characteristics, which can be compared to single col-
Obukhov length, the convective velocity scale, the roughnessimn runs of the COSMO model. Figure 2 shows profiles of
length and the friction velocity, respectively. During unsta- the standard deviations of wind fluctuations after the steady
ble conditions the standard deviations of wind fluctuationsstate was achieved in the simulation. In the horizontal direc-

are computed as: tion the standard deviation is considerably overestimated by
the “Hanna” approach throughout the whole PBL, while the
1/3 . . . . .
Tu_9v_ (10,4 L 4) “Direct” approach gives good results, especially in the mid-
U, u, 2L dle of the PBL. As wind shear was neglected in the simula-

tion, the along-wind and cross-wind standard deviations are
oTw z\(2)23 z\ ,|"? identical. The vertical standard deviation is simulated well
- 1'2<1 B O'gﬁ)(ﬁ) + (1'8_ l'4ﬁ)u* ®) by both methods: However, in the upper PBL the “Hanna”

*
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Figure 1. Relative root mean square error (RMSE) of the diagnosed PBL height from the COSMO-7 (blue) and COSMO-2 (red) mod
a one-month period in March 2008. Model results are validated with 5 radio sounding stations in Europe. Left: unstable situations,
stable situations. Methods: gradient Ri number method (“Ri"), bulk Ri number method (“Bulk Ri”), TKE profile EKEVlomentum flux
profile (“Mom. Flux”), heat flux profile (“Heat flux”), Slab model, Zlitinkevich method (“Zil.”). Applied thresholds for tifeedént methods
are indicated in parentheses.

——— simulations were initialized with the measured soil temper;
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Figure 2. Profiles of the(a) horizontal andb) vertical standard
deviations of wind fluctuations for the ideal convective case. Tur-

ature and moisture profiles and the radio sounding. In th
case of the three dimensional model a long term (1 month
run was performed with the standalone version of the soi
module of COSMO to produce a correct soil analysis. Thd
single column and the 3-D runs gave similar results conside
ing turbulence characteristics. The model results were con
pared to surface micrometeorological measurements and
turbulence data from a 100 m high tower. Figure 3 present
verification results of the single column model for the stan-
dard deviations of horizontal and vertical wind fluctuations
at 90 m height. It can be noted, that the “Hanna” approac
always predicts higher turbulence values than the “Direct
approach. In the case of horizontal wind fluctuations the
measured turbulence intensity lies between the two predictg
values. For the vertical fluctuations the “Direct” gives ac-
curate values while the “Hanna” approach overestimates th
measured turbulence intensity, especially during daytime.

bulence variables are diagnosed with twiietient approaches (“Di- The di d turbul h teristi |
rect” and “Hanna”) from single column simulations of the COSMO € diagnosed turbulence characleristics were also evg

model. The reference is output from LES simulations according toUate€d on a MeteoSwiss measurement campaign using fo
Mironov et al. (2000). sonic anemometers near Swiss nuclear power plants (CN
Met campaign). Operational forecasts of the COSMO-2
model were evaluated on a three month period betwee
method overestimates while the “Direct” method underesti-1 August 2008 and 31 October 2008. The verification re

mates the LES values. It has to be noted, that in the caseults show an overall good performance of the COSMO-2

of the “Hanna” approach, the bulk Richardson number wasmodel (Fig. 4), with all the selected turbulence parameter
used to determine the PBL height, which show good agreebeing in an acceptable range (20-30% relative bias). Tu
ment with the PBL height evaluated subjectively from the bulent kinetic energy, which is the only turbulence related
heat flux profile of the LES. model variable in COSMO, is generally underestimated by

Diagnosed turbulence variables were furthermore evaluthe model, except for the Beznau site, where the model gri
ated on the LITFASS-2003 measurement campaign (Beyriclpoints are characterized by significantly higher roughnes
and Mengelkamp, 2006). In this case both the single coldengths, compared to other sites. Very good performanc
umn and the full three dimensional version of the COSMO was observed in the case of vertical turbulence, which is th
model were used. In the case of the single column modelmost important turbulence variable with respect to mesosca
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Figure 3. Time series of the standard deviations of cross-wind (left) and vertical (right) wind fluctuations at 90 m height for 30 May 2003
in Falkenberg, Germany (time in UTC). Red and yellow lines: COSMO single column simulations (“Hanna” and “Direct” approach). Black

line: tower turbulence measurements.
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4 Impact on dispersion

In order to study the impact on dispersion characteristics,
the two diferent interfacing approaches are introduced to
the emergency system applied at MeteoSwiss, and the im-
pact is evaluated on hypothetical case studies. In the fol-
lowing, the case study of 8 September 2008 will be pre-
sented. As the simulated concentrations cannot be com-
pared to measurements, we will compare thedént sim-
ulations to each other and investigate the relativiéedi
ence. The synoptic situation was characterized by an an-
ticyclone over Central-Europe, which caused weak south-
westerly flow over Switzerland. Due to the calm winds and
the lack of precipitation, turbulence potentially plays a sig-
nificant role in the dispersion of pollutants. Thredfet-

ent simulations were made with the COSMO-7 — LPDM
system for this case. First, the “Hanna” approach was ap-
plied with PBL heights determined with the bulk Richard-
son number method. In the second case, the “Hanna” ap-
proach was used again, but with PBL heights determined
from TKE profiles. In the third case, the “Direct” approach
was used, which does not use the PBL height explicitly as
input variable for the turbulence calculations. The hypothet-
ical release of Cs-137 was made in northern Switzerland on
8 September 2008 between 00:00 UTC and 06:00 UTC, with

Figure 4. Relative bias (upper panel) and relative standard de-
viation (lower panel) scores for the four measurement sites (in

an emission rate of 46290 Mgy and the pollutant transport
as calculated for 18 h. Figure 5 shows the forecasted near-

different colours).

Verified parameters: wind speed, standar

”

deviation of horizontal and vertical wind fluctuations (“Direct
approach:

sigma, sigmay and sigmaz; “Hanna” approach:

surface (below 500 m a.g.l.) mean concentration fields for the
three simulations on 8 September 2008 18:00 UTC. Highest

concentrations (maximum: 258 Bg®) occur in the case of
the first simulation (“Hanna” with Rbulk). If PBL heights
are derived from TKE profiles, the resulting cloud is more
dispersed, and smaller concentrations (max: 1§&Bpare
predicted. The lowest concentrations (max: 8118t are
simulated with the “Direct” approach. Comparing only
dispersion modelling. The standard deviations of horizontalthe first two simulations, it is observed that changing the
wind speed are not so well predicted, as that for the verticaldiagnostic approach for the PBL height leads to fiedi
component. The “Hanna” method shows slightly better per-ence in maximum concentrations by a factor of about 1.6.
formance than that based on the direct use of TKE from theThis is due to the fact, that PBL heights diagnosed from
COSMO model. TKE profiles are higher than those calculated with the bulk

sigmau, sigmav, sigmaw), Turbulent Kinetic Energy (TKE).

Adv. Sci. Res., 3, 784, 2009 www.adv-sci-res.n@792009
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Figure 5. Forecasted near-surface (below 500 ma.g.l.) mean concentration fields by the COSMO-7 — LPDM system for 8 September 2008
18:00 UTC (18 h forecasts, hypothetical case). Simulatiofierdrom each other in the interfacing approach appl{edl*Hanna” approach
with PBL heights determined with the bulk Richardson number metflod;Hanna” approach with PBL heights determined from TKE
profiles;(c) “Direct” approach.
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Figure 6. Mixing heights (ma.g.l.) diagnosed from outputs of the COSMO-7 model for three times indicated on 8 September 2008. |Left:
bulk Richardson method; right: mixing heights diagnosed from TKE profiles.
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Richardson number method (Fig. 6). Since the “Direct” ap- Beyrich, F. and Mengelkamp, H. T.: Evaporation over a Heteroge-
proach implicitly contains a PBL height definition based on neous Land Surface: EVSRIPS and the LITFASS-2003 Ex-
TKE, the third simulation should be compared to the sec- Periment — An Overview, Bound.-Lay. Meteorol., 121, 5-32,
ond one. The dierence between these two runs is due to  2006.

the diferent interfacing approach. For the case investigatedBuzZi. M., Rotach, M. W,, Raschendorfer, M., and Holtslag, A. A.
the “Direct” approach results in lower maximum concentra- - Evaluation of the COSMO-SC boundary layer scheme for

. . . stable conditions, Meteorol. Z., submitted, 2009.
tions by a factor of 2. This can mainly be traced back to theDoms, G. and Schaettler, U.: The nonhydrostatic limited-area

stronger near-surface turbulence diagnosed in this approach. el LM — Part I Dynamics and Numerics. Scientific Docu-
mentation, Deutscher Wetterdienstfé&bach, Germany, avail-
5 Conclusions able online:httpy/www.cosmo-model.org2002.
Glaab, H., Fay B., and Jacobsen, |.: Evaluation of the emergency
The impact of two dferent interfacing approaches on dis- dispersion model at the Deutscher Wetterdienst using ETEX

persion has been studied with the COSMO-LPDM system data, Atmos. Environ., 32, 4359-4366, 1998.

operationally used at MeteoSwiss. One of the interfacing apfanna. S. R.. Applications in air pollution modeling, in: At-
mospheric Turbulence and Air Pollution Modelling, edited by:

p:gﬁ;hgftﬁztgngéeﬁger:]oﬁé\é?gﬁggsf wgﬁglzg%ﬁge’a;@ Nieuwstadt, F. T. M. and van Dop, H., D. Reidel Publishing
P ’ Company, Dordrecht, Holland, 275-310, 1982.

ploys similarity rel_atlons (“Hanna”) and thus requires the Kaufmann, P.: Verification of aLMo with SYNOP and GPS data
boundary layer height as an input. An extensive validation oyer Europe, COSMO Newsletter No. 5., 113117, available on-
exercise for methods to diagnose the PBL height had ren- |ine: http;/www.cosmo-model.org2005.
dered methods based on the bulk Richardson number or maviellor, G. L. and Yamada, T.: Development of a turbulence clo-
mentum flux profiles of the NWP model as the two best sure model for geophysical flow problems, Rev. Geophys. Space
approaches. The diagnosed turbulence variables are evalu- Phys., 20, 851-875, 1982.
ated on three turbulence measurement campaigns, with thiironov, D. V., Gryanik, V. M., Moeng, C.-H., Olbers, D. J.,
“Hanna” approach performing slightly better. Simulations and Warncke, T. H Verticgl turpulence'structure and secqnd-
of hypothetical pollutant releases showed that tHEecknt moment budgets in convection with rotation: A large-eddy sim-
interfacing approaches can lead to substantial changes iE ulation study, Q. J. Roy. M?teor' Soc., 126, 477-515,2000.
the forecasted concentrations. It is planned to evaluate the®99: B. J. an.d Raupach, M.: Markov-_cham S|mulat|.on of p"?‘rt".:le
. . . dispersion in inhomogeneous flows: the mean drift velocity in-
COSMQ'LPD_M system On_ real dispersion experlmeqts 0 guced by a gradient in Eulerian velocity variance, Bound.-Lay.
further investigate the relative performance of the two inter-  \jeteorol., 24, 3-13, 1982.
facing methods. Stohl, A., Forster, C., Frank, A., Seibert, P., and Wotawa, G.: Tech-
nical note: The Lagrangian particle dispersion model FLEX-

Acknowledgements.  This study was carried out in the frame- PART version 6.2, Atmos. Chem. Phys., 5, 2461-2474, 2005,
work of the COST 728 Action and financed by the State Secretariat pypyamww.atmos-chem-phys.n6t24632005.

for Education and Research, SER through grant C05.0138. Thezintai. B. and Kaufmann, P.: TKE as a measure of turbulence,

authors would like to thank Dmitrii Mironov from DWD for pro- COSMO Newsletter No. 8., 2-10, available onliftp;/www.
viding the LES dataset. We would also like to thank Frank Beyrich cosmo-model.org2008.

and Gerd Vogel for providing the LITFASS-2003 measurement Thomson, D. J.: Criteria for the selection of stochastic models of

data. particle trajectories in turbulent flows, J. Fluid Mech., 180, 529—
556, 1987.

Edit?d by: R. S. Sokhi and M. Piringer Zilitinkevich, S., Esau, ., and Baklanov, A.: Further comments on

Reviewed by: two anonymous referees the equilibrium height of neutral and stable planetary boundary
layers, Q. J. Roy. Meteor. Soc., 133, 265-271, 2007.

References

Arpagaus, M.: Verification of vertical profiles: Operational veri-
fication at MeteoSwiss, COSMO Newsletter No. 5., 102-105,
available onlinehttp;/www.cosmo-model.org2005.

Batchvarova, E. and Gryning, S. E.: Applied model for the growth
of the daytime mixed layer, Bound.-Lay. Meteorol. 56, 261-274,
1991.

Adv. Sci. Res., 3, 784, 2009 www.adv-sci-res.n@792009


http://www.cosmo-model.org
http://www.cosmo-model.org
http://www.cosmo-model.org
http://www.atmos-chem-phys.net/5/2461/2005/
http://www.cosmo-model.org
http://www.cosmo-model.org

