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Abstract. By experimentation and modelling, this paper mean plume advective direction during transitional periods,
analyses the atmospheric dispersion of the 8@issions as documented between different, but concatenated, disper-
from a power plant on complex terrain under strong convec-sive scenarios). The experimental data used were extracted
tive conditions, describing the main dispersion features agrom the “Els Ports-Maestrat” database (Palau et al., 2006),
an ensemble of “stationary dispersive scenarios” and reforand the field campaign analysed in this paper was identified
mulating some “classical” dispersive concepts to deal withas one of the most recurrent summer dispersive scenarios
the systematically monitored summer dispersive scenarios iim the area, which have been monitored since 1994 (Palau,
inland Spain. The results and discussions presented arisz003).

from a statistically representative study of the physical pro- |, snring and summer, when anticyclonic conditions dom-
cesses associated with the multlmod_al distribution of pollu-jy5te over the Iberian Peninsula, with low windsgm/s),
tants aloft and around a 343-m-tall chimney under strong drystrong insolation% 800 W/n?) and frequent formation of the

convective cqnditions in the Ib.erian. Een_insula. Thig Papehparian Thermal Low (ITL), tropospheric flow regimes are
analyses the importance of the identification and physical iMgoverned by mesoscale processes (Millan, 1991; Millan et

plications of transitional periods for air quality applications. al., 1997). In the late eighties, using simultaneous disper-
The indetermination of a transversal plume to the preferredsjqon gata from four tall chimneys located around the entire
transport direction during these transitional periods implies|parian Peninsula, Millan et al. (1991) documented that un-
a small (or null) physical significance of the classical defi- yor conditions of ITL formation there is a net convergence of
nition of horizontal standard deviation of the concentration ;- to\wards the interior from the different coastal areas. The
distribution. development of the ITL during the day forces the surface-
wind flows to merge into several major convergence lines,
which become locked to the main orographic features inland
(Millan et al., 2000). In this period, the daily breeze cycles,

coupled with up-slope winds, drive the air masses over the

The objective of this study is to describe, by experimentationNtiré territory. Thus, as a consequence of these main me-

and modelling, the atmospheric dispersion of the emissionéeoromgﬂc"‘1I Processes anq the fe"?"a”t scalgs inter_acting in
from a power plant situated on very complex terrain in in- (and among) the different airsheds in the Peninsula (i.e., cou-

land Spain under typical summer conditions. This is a rep_pling between local and non-local processes), dispersive con-

resentative study of how emissions from a tall chimney areditions present a marked diurnal cycle.

distributed aloft in a multimodal way around it (with no clear ~ With respect to the representativeness of these kinds of
mesoscale forcings, results from European research projects
aimed at characterising the dynamics of pollutants in the

Correspondence tal. L. Palau Western Mediterranean Basin (WMB) have documented that
m (lp@confluencia.biz) during the warm season diurnal cycles in the flow regime
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represent a typical pattern in the region (Millan et al., 2 Methodology
1997). Moreover, results from the EU-funded MECAPIP
and RECAB projects (Millan et al., 1997) showed that the For this study, we have chosen a dispersive scenario con-
Thermal Low over the Iberian Peninsula acquires a quasisidered representative of the region under summer condi-
permanent character from May to September and constituteons (Palau, 2003). To describe it we have focused on a
the most frequent surface meteorological situation in this rethree-day campaign obtained from the “Els Ports-Maestrat”
gion (Palau et al., 2005). database (detailed information on this database can be found
The thermally-driven wind-field structure (turbulence in- in http://www.ceam.gsand in Palau et al., 2006). The “Els
tensity, wind direction and speed, etc.) varies according tdPorts-Maestrat” database, sponsored by the Environment De-
the diurnal evolution of the heating of the different moun- partment of the Valencia (Spain) Regional Government, con-
tain slopes (depending on their orientation with respect to thesists of an ensemble of field campaigns conducted system-
sun). On complex terrain, this yields progressive and con-atically and periodically at the South-western border of the
tinuous variations in the dispersive conditions in the lower Ebro basin (Spain) since November 1994. One of the main
troposphere, making it necessary for us to adopt the conobjectives of these field campaigns is to monitor (aloft and
cept of “transitional period”, which in this study refers to on the ground) the SOplume emitted from the 343 m-tall
the time period between two “stationary” dispersive scenar-chimney of the Andorra Power Plant (APP) located at Teruel
ios. A “stationary dispersive scenario” refers to a low tro- (00° 22 46" W; 40° 59 54" N).
pospheric wind-field structure that remains constant during This study focuses on the $S@lume tracking carried out
a certain period of time. But, considering that no thermo-for 3 days in the summer of 1995 by means of a vehicle
dynamic variable can be assumed to “remain constant” withequipped with a COSPEC (optical COrrelation SPECtrom-
time (mainly because of the stochastic nature of atmospherieter) and a pulsed fluorescence Sfalyser. The COSPEC
dynamics), we prefer to use the term “quasi-stationarity” in passive remote sensor utilises solar radiation to obtaip SO
this paper and, thus, to identify the “transitional periods” asconcentration distribution measurements aloft and around
periods of time between clearly different “quasi-stationary” the emission source (Millan et al., 1976); its response is
dispersive scenarios. proportional to the vertically-integrated $@oncentration
In this study, we identify a quasi-stationary dispersive sce-(throughout the optic path between infinity and the instru-
nario by direct comparison with another quasi-stationary dis-ment telescope). The fast-response &@alyser records the
persive scenario: When any dispersive condition (e.g., nocground-level (over the roof of the vehicle) $@oncentra-
turnal drainage flows) remains essentially the same but is egion distribution along the trajectory followed by the vehicle
sentially different from another one at the same spatial lo-around the power plant. Thus, by using both instruments at
cation but at a different time (e.g., thermally-driven diur- the same time, Sgconcentrations at ground level and aloft
nal circulations), we identify a transitional period between can be measured simultaneously.
them. This paper analyses the importance of the identifica- Our plume-tracking strategy consisted of making tran-
tion and physical implications of these transitional periodssects, as transversal as possible to the mean plume-transport
for air quality applications. direction, at different distances from the chimney (Palau
The power plant selected, with a 343-m-tall chimney, is lo- et al., 2006) to record the diurnal evolution of the disper-
cated in the Northeast of the Iberian Peninsula and the plumsive conditions around the power plant. Our method of ob-
is affected by the diurnal cycle of the wind flow. Winter- taining typical horizontal deviations of the plume distribu-
time dispersive conditions in the region have been describedion aloft from the available experimental records has al-
(Palau et al., 2006) using the same methodology as in this paready been described in the literature (lillet al., 1976;
per for calculating of the pseudo-Lagrangian horizontal dis-Mill &n, 1978); moreover, the details of the modified Pseudo-
persion values of the measured and simulated plume aloft. Lagrangian method used in this study can be found in Palau
This paper is structured in six sections; following the intro- et al. (2006). Nevertheless, we should point out that the ex-
duction, section two deals with the description of the method-perimental measurements of the Sstribution aloft, fol-
ology used. Section 3 focuses on the description of the mairtiowed by the above referenced procedure, allow us to obtain
results, first analysing them from a qualitative point of view mean values of the transversal plume dispersion at different
and then describing the statistics obtained when comparinglistances from the emission point and during a determinate
simulated results with measurements. Section 4 is the distemporal period.
cussion section, where we focus on a dynamic description of To help with the interpretation of the experimental records
the typical summer dispersion pattern in the region, which isduring the selected summer campaign, we used a non-
far removed from the classical point of view for a dispersive hydrostatic mesoscale meteorological model MM5 (Grell et
scenario. To end the paper and summarise the main resulel., 1994) coupled to a Lagrangian Particle Dispersion (LPD)
and discussions, we have included a brief conclusions sedvodel FLEXPART (Stohl et al., 2005). Similar modelling
tion. scheme, but employing RAMS as mesoscale model and HY-
PACT as LPD, has proved useful to understand the complex
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Fig. 1. Topography and geographical location of domains for the meteorological model. The road network used to measure the plume
distribution with the COSPEC is indicated by the white line in grid 5.

sequence of non-stationary scenarios during the developmespacing near the surface increasing gradually up to 1000 m
of thermal circulations in a nearby coastal regioer@2-  near the model top at 15000 m above ground level (ma.g.l.),
Landa et al., 2007a and b; Palau et al., 2005). fifteen of them defined within the first 1500ma.g.l. The
The mesoscale model was configured (Fig. 1) using fiveMM5 predicts the wind components v and w, the tem-
nested domains (160L00 grids spaced at 108, 36, 12, 4 perature, the humidity, the pressure perturbation and the tur-
and 1.3km, respectively) centred over the Andorra powerbulence parameters. Planetary Boundary Layer is parame-
plant. Thirty-nine sigma levels were configured, with a 10 m terised following Blackadar’s nonlocal closure (Zhang and

www.atmos-chem-phys.net/9/119/2009/ Atmos. Chem. Phys., 918192009
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Table 1. Dispersive results. Start.: Starting time of the measurements; Finish.: Finishing time of the measurements; Dist.: Distance to the
chimney; Exp. Disp.: Experimental dispersion; Sim. Disp.: Simulated dispersion for each plume-rise scheme. Boldface numbers correspond
to transitional periods in the wind and turbulence fields.

Day Start Finish Dist (Km) Exp. Disp.  Sim. Disp. Sim. Disp. Sim. Disp.
(Km) Briggs (Km)  700m (Km) 450m (Km)

25/07 09:50 11:30 6.07 0.79 131 1.24 1.16
25/07 16:17 16:54 15.49 0.92 2.79 3.05 2.55
25/07 17:24 17:54 15.06 1.41 3.04 2.82 2.53
26/07 07:15 08:49 9.97 1.89 1.24 1.30 0.95
26/07 08:57 09:17 9.94 1.96 2.38 2.19 1.77
26/07 09:25 10:06 19.14 4.63 5.48 5.58 5.27
26/07 10:47 11:35 13.15 1.78 3.95 4.58 4.36
26/07 16:35 18:00 9.03 2.1 6.45 11.9 9.80
27/07 17:09 18:20 8.42 1.97 4.20 8.74 11.8

Anthes, 1982). Four-dimensional data assimilation (Stauf- The total amount of particles released was higk 12f),

fer and Seaman, 1994) was applied to the mother domaims we need high precision in the calculations of the horizontal

nudging toward the gridded 2.5esolution NCEP Reanaly- dispersion of the simulated plume. This fact and the high res-

sis (Kalnay et al., 1996). Albedo, roughness and availableolution of the meteorological simulation used a large amount

humidity vary according to the USGS (US Geological Sur- of computer power (the equivalent of 6 days of CPU time

vey) land-use database. on a 3GHz local lab-top computer). However, optimising
The LPD model takes into account wind velocity vari- the modelling setup for AQ-forecasting purposes (e.g., 10%

ances and Langrangian autocorrelations. The spread aff the particles might be enough) would allow two-day fore-

the pollutant is simulated by the Langevin equation derivedcasts to be made in 12 h on a current labtop computer.

by Thomson for inhomogeneous Gaussian turbulence under

non-stationary conditions (McNider et al., 1988). Turbulence

statistics are obtained by using the Hanna scheme with soma  Results

modifications taken from Ryall and Maryon for convective . . . . .
Lagrangian dispersive simulations have been executed fol-

conditions (Stohl et al., 2005). The autocorrelation coeffi- "= ; . .
o . . lowing three different plume rise schemes to avoid eventual
cient is assumed to be an exponential function that depends . : )
. . . interferences with the results obtained. The main results de-
on the Lagrangian time scale. The time step used to move

particles in the Markov chain model has to be variable in Scribed herein, and the discussions presented in the following

inhomogeneous turbulence and depends on the Lagrangiasnecuon’ are not significantly influenced by uncertainties de-

time scale (Uliasz, 1994). Well-mixed profiles can be ob- z\ézdpgor% the plume-rise scheme chosen (Tables 1 and 2,
tained as long as the timestep is small enough to resolve the The first plume rise scheme is based on the Briggs equa-

small-scale turbulence in the vicinity of the boundaries (Hur- . ;

ley and Physick, 1991). Like the mesoscale model, the LPDtlons fo“r hot plume§ (Briggs, 1935).' and the other two f.0|
; . low a “constant-height scheme”, i.e., based on the final

model was configured with USGS land-use data.

: : plume height after thermalisation (effective chimney height).
In our simulations, we treated the buoyant plume of the . . » . "
) : . ; The thermalisation heights for the “constant height schemes
power plant by releasing particles following three different

lume-rise schemes, at an effective chimney heights of 450" ¢ estimated by considering the minimum and maximum
P " . y neig .~ values obtained from the empirical (visual) observations
and 700 m and following Briggs (1975) plume-rise equat|onsrecorded during the three-day field campaign
for hot plumes. The particles were released randomly within '
a 10x10x 100 m volume at the start of the test simulations: 3 4 Qualitative description
10x10 m corresponds (broadly) to the diameter of the chim-
ney exit. We chose a vertical distribution of 100 m to rep- Comparison between measured and simulated disper-
resent the distribution of the plume rise around the estimate@ion results (F|gs 4 and 5, and also the Supp|emen-
effective high for the release (50 m above and 50 m below th&ary material:http://www.atmos-chem-phys.net/9/119/2009/
estimated constant highs of 450 and 700 m and the variablgcp-9-119-2009-supplement.pdéhows that the coupled
highs calculated following the Briggs plume-rise scheme). model (MM5+FLEXPART) is able to reproduce the main dy-

namical and dispersive features of the measured plume aloft.
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Table 2. Statistical skills for the horizontal dispersion values simulated with the three different emission schemes (450 m, 700 m and Briggs).
The nomenclature for the different columns is: m: fitting slope; b: ordinate (in kilometres); SE: Standard Error (for both the fitting slope and

the ordinate, in kilometres; p-value (for both the fitting slope and the ordinate); RMSE: Root Mean Squared Error (in kilometres); RMSEu:

Unsystematic Root Mean Squared Error; RMSEs: Systematic Root Mean Squared Error; RMSEa: Additive Root Mean Squared Error;
RMSEp: Proportional Root Mean Squared Error; RMSEi: Interdependence Root Mean Squared Error; d: Index of Agreement.

m b (km) SE(m) SE(b) (km)  p-value (m) p-value (b)

450m 0.91 0.61 0.32 0.75 0.048 0.461
700m 0.92 0.92 0.34 0.78 0.052 0.303
BRIGGS 0.90 0.97 0.32 0.74 0.049 0.262

RMSE (km) RMSEu RMSEs RMSEa RMSEp RMSEi
450m 0.95 0.83 0.45 0.61 0.21 —0.46
700m 1.16 0.86 0.77 0.92 0.19 —0.54
BRIGGS 1.14 0.82 0.78 0.97 0.24 —0.62

MSEuU/MSE MSEs/MSE MSEa/MSE MSEp/MSE  MSEI/MSE d
450m 0.77 0.23 0.42 0.05 —0.24 0.88
700m 0.56 0.44 0.63 0.03 -0.22 0.84
BRIGGS 0.52 0.48 0.73 0.04 —0.29 0.84

On the first day, from a synoptic point of view (Fig. 2), plant. A relevant feature during the transitional petifdom
high pressures dominated most of Central Europe and th&1:00h. to 15:00h.) is that while the plume-axis aloft (de-
Western Mediterranean, although meteorological conditiondined by the centre of gravity of the S@listribution aloft)
over the northern half of the Iberian Peninsula were con-had a SW-NE direction, the mean integral advection of the
ditioned by the passage of a low-pressure system over thplume was directed towards NW from the power plant (Fig. 8
Cantabrian Sea. In the first hours of the day, a sixty meter-taland see animatiorhttp://www.atmos-chem-phys.net/9/119/
meteorological tower located near the power plant recorde®009/acp-9-119-2009-supplementpdDuring this transi-
NW winds, which later veered from East to South during tional period, plume fumigations on the ground were com-
the morning until the afternoon (Fig. 3). Following the pletely decoupled from the location of the “new” (recently
longitudinal passage of a Low pressure system to the Eastmitted) plume aloft (Figs. 5 and 6). Measurements and
(not shown), the morning Southeast winds in the Ebro val-simulations (Figs. 5 and 6) are in good agreement showing
ley turned to the Southwest in the afternoon, changing thehe old parts of the plume aloft much more diluted (with
plume transport direction aloft. This change in direction is lower concentrations) than the new ones. The simulations
correctly simulated by the model. Plume fumigations onreproduced the transitional period of the dispersive condi-
the ground are well-correlated with the mean integral advections (although with a significant delay of two-to-three hours)
tion of the plume aloft, and both measurements and simubut showed significant biases with ground-level concentra-
lations show low level concentrations North of the power tion records. On the last day, the High was centred over
plant (see animation:http://www.atmos-chem-phys.net/9/ the Cantabrian Sea and a Thermal Low formed in the South
119/2009/acp-9-119-2009-supplement)pdf of the Iberian Peninsula driving mesoscale circulations in

On the second day, when the Low on the Cantabrian Se#he study region (Fig. 2). The wind direction measured at
migrated to the NE, a ridge of high pressure arrived at thethe 60-m-tall tower (Fig. 3) shows a squared-shaped tem-
Iberian Peninsula favouring the development of thermallyporal evolution, typical of thermally-driven winds oscillat-
driven mesoscale processes during the daytime (Fig. 2). During between West-Northwest and Northeast. The measured
ing the early morning, when diurnal circulations were not low-speed southern nocturnal flow is coherent with the con-
yet developed, measurements showed down-valley drainageentration distribution recorded by the COSPEC (very wide
winds flowing towards the Mediterranean sea and advectinghape near the chimney). This agrees with the scarce trans-
the plume aloft Southeastwards from the power plant, decouport simulated during a 6-h period by the model. At noon
pled from the ground (Figs. 3 and 5). Afterwards, in associa-the direction of the plume is not well-defined, although both
tion with mesoscale circulations activation and developmentmeasured and simulated results show a slight trend towards
in the afternoon the wind veered, blowing from the Northeastthe SE. In the evening the plume is again conditioned by
(Figs. 3 and 5). With solar heating, mesoscale circulations
began to affect the behaviour of the plume until its “mean  1in this context, we consider transitional period as the period of
integral advection” finally turned to the SW of the power time during the plume-reorganisation phase.

www.atmos-chem-phys.net/9/119/2009/ Atmos. Chem. Phys., 918192009
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Due to the low wind speed and the strong insolation (max-
imum value of total radiation, 878 WAmat Morella sta-
tion, 45km Southeast the power plant) intense convective
turbulence fumigates the S@lume very near the chimney
(<5km), and high concentrations are measured and simu-
lated.

-

N

\

=

3.2 Quantitative description

Independently of the plume rise scheme followed, if we
compare the experimental and simulated horizontal disper-
sion of the plume for equivalent time periods (Table 1 and
Fig. 7), we find three measurements, corresponding to the
central hours of the day and the afternoon, with discrep-
ancies higher than 200%. These discrepancies (bold num-
bers in Table 1) correspond to days characterised by disper-
\§§%:___:i}%”/ //////w sive scenarios with transitional periods in the wind and tur-

N

bulence fields. These diurnal transitional periods between
dispersive scenarios are typified (in dispersive terms) by the
lack of a well-defined plume axis, or mean transport direc-
tion (Fig. 5 and animationhttp://www.atmos-chem-phys.
net/9/119/2009/acp-9-119-2009-supplemen).pdhe con-
sequent indetermination of the transversal plume to the pre-
ferred transport direction implies a small (or null) physical
significance of the classical definition of horizontal standard
deviation of the concentration distribution (that is defined
from the transversal axis to the average transport direction),
whether this distribution is measured with the COSPEC, sim-
ulated with a dispersion model or parameterised through dif-
ferent schemes and approximations implemented in some
dispersion models. Thus, to fit the experimental and simu-
lated values of the horizontal dispersion, we have not consid-
ered values associated with transitional periods.

The simulated horizontal dispersions during “steady” dis-
persive periods fitted well (index of agreement (Willmott,
1981) between 84% and 88%, Table 2) with observations
(Fig. 7). During these dispersive periods, no major differ-
ences were found when calculating the simulated horizontal
dispersion from the three different plume-rise schemes (Ta-
ble 1). Nevertheless, from a statistical point of view, there is a
clear dependence between the emission scheme used and the
systematic and unsystematic contribution to the total mean
square error (Table 2). Following a constant 450-m height
scheme we found that the systematic contribution to the to-
tal mean square error is 23%, while following the other two
] ) ) ] _ schemes the systematic contributions are 44% and 48%. This
Fig. 2. Three synoptic weather charts including the pressure field e rence in the amount of the systematic error contribution
and the wind streamlines simulated at 10 m above ground level at - L
06:00h. UTC for (top) 25 July, (middle) 26 July, and (bottom) 27 \VaS Interpreted as an indicator that the 450-m scheme better
July 1995, represents the measured dispersive conditions than the other
two schemes.
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the ITL development, turning towards the SW, as can be
seen in the simulation and in the experimental measure-
ments (see animationhttp://www.atmos-chem-phys.net/9/
119/2009/acp-9-119-2009-supplement)pdf
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Fig. 3. Meteorological records during the field campaign. Red line, temperature at 10 m a.g.l. divided by three; blue line, wind speed at 60 m
above ground level; green line, wind direction at 60 ma.g.l.

The magnitudes of total mean square errors are acceptablge the main reason for the significant delay of two-to-three
considering that, during this field campaign, the empirical hours with ground-level concentration records, when simu-
errors associated with the measuring procedure were aroundting the transitional periods of the dispersive conditions.
1km. This delay has been attributed to the configuration of the
Analysis of the fitting statistics shows that all three plume- model and, more specifically, to the limitations in either the
rise schemes have similar statistical significances for horiimplemented parameterisation of the PBL in the meteoro-
zontal turbulent diffusion. The slope of the linear regressionlogical model or the land-use database used in the FLEX-
between measurements and simulated values has p-values BART model, or both. On the one hand, Blackadar’s non-
about 0.05, although the intersection value has low statistifocal closure scheme is based on the assumption that turbu-
cal significance ¥0.05). The index of agreement corrobo- lent mixing is isotropic (i.e., symmetric) in the PBL; how-
rates that, from a statistical point of view, the coupled modelsever, from observational evidence and large-eddy simulation
(MM5+FLEXPART) reproduce at least 84% of the observed modelling studies (Schumann, 1989), it is well-known that
variation. mixing processes in a convective boundary layer are essen-
tially asymmetric (i.e., turbulence is anisotropic). On the
other hand, surface cover-type classification system is re-
4 Discussion sponsible for heterogeneous surface fluxes of sensible and
latent heat. Furthermore, our simulations show significant

As in the case study described herein, bimodal distributionssPatial biases with ground-level concentration records. De-
of the power plant plume have been systematically meaSPite the model resolution, under stable dispersion condi-
sured in this region under summer conditions since the eightions (plume advected as a ribbon-type plume), limitations
ies, with the mean direction of the integral advection of the©n the model performance have been evidenced due to the
plume aloft (orange vector in Fig. 8) being almost perpen-local nature of plume impacts far away from the chimney
dicular to the axis defined by the centre of mass of the plumd>50km). Under such dispersion conditions slight devia-
distribution aloft (green line in Fig. 8) and with high spa- tions between the real and the simulated plume advective di-
tial heterogeneities of the fumigation field near the emis-ection have a strong impact when comparing the simulated
sion source. We have identified this type of dynamics dur-and measured local ground-level concentrations. Previous
ing diurnal transitional periods associated with the reorgantesults (Palau et al., 2006, 2008) showed how on this com-
isation of the tropospheric wind field due to the progressivePlex terrain area, under stable dispersion conditions (night-
enhancement/lessening of the thermally driven wind circula-ime), the simulated mechanical turbulence leeward of the
tions along the day. Thermal mesoscale tropospheric flows offountains reproduces highly concentratec $@nigations

this kind are simulated by MM5 as a physical consequence®" the ground more than 60 km away from the power plant
of the simulated exchanges of energy and water between th@ut with significant spatial biases associated with the local
vegetation (or soil) and the atmosphere, which are directlyhature of the fumigations. Besides, under convective ac-

dependent on the land-use defined on each grid-point and thi#ity, an isotropic ground-level concentration field is sim-
initialisation of the model. The authors have found this to ulated within a circular area with a radius of 20km around

www.atmos-chem-phys.net/9/119/2009/ Atmos. Chem. Phys., 918192009
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Fig. 4. Sequence of the experimental and simulated distributions for day 2 (morning). Correspondence between simulated outputs and
experimental measurements (vertically integrateg $@ncentration) was determined from equivalent time periods. Representations are
presented on the road network. T b) Experimental measurements (in blue, Sdistribution aloft; in red, simultaneous $@oncen-

trations on the ground); (a 06:53—-08:25 UTC; b 10:47-11:57 UTC). Mifidld) Simulated plume aloft at 08:00 UTC (left) and 13:00 UTC

(right); particles in colour scale indicate up to 2 (blue), 4 (green) and 6 (orange) h since emission. @ofj@mmulated SQ ground-level
concentrations (fumigations) at 08:00 UTC (left) and 13:00 UTC (right).
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experimental measurements (vertically integrateg $@ncentration) was determined from equivalent time periods. Representations are

presented on the road network. T b) Experimental measurements (in blue, Sdistribution aloft; in red, simultaneous $@oncen-

trations on the ground); (a 12:02-14:46 UTC; b 16:35-17:21 UTC). Mifigld) Simulated plume aloft at 17:00 UTC (left) and 19:00 UTC

(right); particles in colour scale indicate up to 2 (blue), 4 (green) and 6 (orange) h since emission. @ofj@mmulated SQ ground-level

concentrations (fumigations) at 17:00 UTC (left) and 19:00 UTC (right).
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Fig. 6. Simulated vertical plume distribution above the road net- 0 —t
work around the power plant, at 17:00 UTC for day 2. Shaded 0 2 4 6 8 10 12
colors indicate pollutant concentrations within the first 10 ma.g.l. Simulated (FLEXPART)

Black contour lines indicate pollutant concentration aloft (inte-
grated from 30 to 2700 m a.g.l.). Red contour lines indicate total
pollutant concentration over 3000 m a.g.l. All magnitudes (contour
lines and color palette) are expressed in m’g/m

Fig. 7. Comparison between simulated and measured horizontal
diffusion for the three different emission schemes performed during
the dispersive simulations for equivalent temporal periods. Uncor-
related data (boldface numbers in Table 1) are included in a circle
and correspond to transitional periods in the wind and turbulence
the power plant; i.e., under summer conditions plume fu-fields.
migations near the chimney are essentially equiprobable all
around the chimney. A detailed analysis of these issues, dis-
aggregating the accumulated plume footprints into the conmigations” described, e.g., by Munn (1966). Additionally,
tributions of the different turbulent regimes activated in the during the plume-reorganisation phase, while a new “organ-
MM5 PBL-parameterisation throughout the 3-day simulationised” plume is being formed and integrally advected in a new
(convective mixing and mechanical turbulence schemes), cadirection, “parts” of the “old” plume (emitted minutes and
be found in Palau et al. (2008). Analysis of the experimen-even hours before this new dispersive scenario) can return
tally measured integral advection of the bi-modal distribu- towards the emission area (if the wind field changes around
tions of the plume aloft gives rise to the necessity to refor-18(, as is the case in typical breeze dynamics), contributing
mulate some “classical” dispersive concepts to deal with typ-to the aforementioned convective fumigation (Fig. 6), as pre-
ical dispersive scenarios under summer conditions in this reviously observed by Millan (1987) in the Great Lakes area of
gion. Driven by mesoscale forcings, summer dispersive conCanada. This image of plume dynamics explains why fumi-
ditions here do not fit “classical” dispersive scenarios, in thegations from tall chimneys on complex terrains can produce
sense of describing the main dispersion features as an erstrong fumigations in different directions and distances from
semble of “stationary dispersive scenarios”. On the contrarythe emission point simultaneously (as systematically moni-
from late spring to the beginning of autumn, the typical di- tored). This kind of dispersive scenario is associated with
urnal dispersive scenario in this mid-latitude complex terrainrelatively short time periods, with very intense fumigations
is a complex (synergetic) addition of different, continuously on areas very near the chimney (between 3 and 15 km for the
evolving, non-stationary (but concatenated) dispersive sceease of this power plant).
narios (Palau, 2003). Moreover, with respect to plume im-  pyring the late afternoon, the reorganisation and forma-
paCtS on the ground, we need to dIStInngh betWeen morningon of a “new” Organised p|ume takes p|ace over progres_
and late-afternoon transitional periods. sively colder ground (favouring the development of ground
During the morning, transitional periods can last from oneinversions which decouple the plume aloft from the ground).
to several hours, as the thermal circulations strengthen th&/nder such a dispersive scenario, the plume remains aloft
mesoscale forcings over a progressively hotter ground. Thignd shows no impacts near the chimney. Moreover, as the
process favours the convective activity reaching the plumeground inversion decouples orographic effects and wind field
aloft, fumigating SQ. These are the classical “Hewson fu- aloft, this transitional period tends to be shorter than the

Atmos. Chem. Phys., 9, 11931, 2009 www.atmos-chem-phys.net/9/119/2009/
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Fig. 8. (a) Measurements along a road network around a Power Plant plume in the interior of the Iberian Peninsula (Palau et al., 2006).
The blue line shows the SQiistribution aloft (measured with a remote sensor COSPEC). The red line shows simultanedngp&€s on

the ground.(b) Dispersive simulation showing the mesoscale-forced integral advection perpendicular to the axis defined by the simulated
pollutant distribution aloft. Green line, symmetry axis defined by the pollutant distribution aloft; orange vectors, direction of the mean
integral advection (average transport direction) of the plume aloft.

morning one. Under these dispersive conditions, the new On the other hand, during the transition from one disper-
plume aloft frequently aligns with the drainage winds fol- sion scenario to another, a significant discrepancy is detected
lowing the Ebro valley axis towards the Mediterranean Seabetween the experimental values of the plume concentration
and maintains a steady state during the whole night (Palauhorizontal distribution (Sigma-y, defined from the transver-
2003). sal axis to the average transport direction) and the values ob-
The aforementioned complex concatenated sequence déined from the model (Table 1 and Fig. 7). In these situa-
non-stationary dispersive scenarios, that are in constant trartions, with no defined transport direction and, consequently,
sition because they are driven dynamically by the develop-with transitory wind and turbulence fields, classical disper-
ment of three-dimensional wind-fields at local-to-regional sion parameters lose their physical meaning.
scales, is responsible for the observed multimodal distribu- During these transitional periods, the variability in plume
tion of pollutants around the emission sources as the plumeborizontal distribution with emission height and the discrep-
aloft reorganise and realign with the wind flow present dur-ancy with experimental data on the ground (hourly ground-
ing the day. level concentrations) are evidence of the strong dependence
of dispersion on the vertical distribution of momentum in
the lower layers of the troposphere. Thus, during these
transitional periods, the simulated plume dynamics may be

The availability of measurements aloft, obtained by means ofstrongly_ de'germmed both by the order of the turbulence pa-
rameterisation schemes and by the land-use database used

avghlcle eqmpped with a remote sensor, enable_d us t9 maki% the models. Further studies are needed to evaluate the
a direct comparison between the experimental dispersion pa-

. i ffect of different model configurations and initialisations
rameters and the simulated ones. This represents a clear ad . : . . : "
. . . X when simulating dispersive scenarios under transitional pe-
vantage over the information provided by fixed ground-level . .
e ) . riods of this type.
monitoring stations for atmospheric pollutant control.

The model was able to reproduce the typical stationary _The mgdelllng approach proposed here is physmally con
. ) ) . : : sistent with the observed processes and avoid the misfits of
dispersion scenarios (experimentally characterised with thé . X i
L models based on classical dispersion parameters under tran-
COSPEC), although a significant temporal delay was de-_. : . : .
. g . sitional periods. The proposed system is more expensive than
tected between the simulation and the experimental measurée;_~ . . .
. . Classical models in terms of computing power, but current
ments of the plume dispersion.

advances in computer science allow it to be used at an af-
fordable cost.

5 Conclusions
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