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Abstract. A three-dimensional air quality model based on a set of chemical species mass conservation equa-
tions describes the time evolution of chemical species in the atmosphere. In order to solve this set of equations,
proper choices of initial and boundary conditions are needed.

Ideally, initial and boundary conditions should be determined on the basis of observations. However, since

such high-resolution observations are generally not available, it becomes necessary to use other information
sources to specify the initial and boundary values. The fact that both the initial and the boundary conditions are

specified with some degree of presumption makes it important to evaluate their influence in the model results.

In this paper we present a study of the impact of initial and boundary concentrations on the modelled surface
0zone concentration over two environments: Huelva and Badajoz, an industrial and a rural zone, respectively.
The impacts are analysed for the same meteorological period (10—15 August 2003).

1 Introduction conditions; and third, apply the simulation results of a large
model domain to the boundary condition of smaller simula
Eulerian photochemical airshed models have been developegbn domains within.

to study the formation and dispersion of ozone, based on |, the |herian Peninsula there are three important air mas

a mathematical description of chemistry, physics, meteorolyainages: the Ebro Valley in the northeastern: the Pyre-

ogy, and emissionsSginfeld and Pandid99§. To run air  hees and the Central Massif, introducing northwestern flow
quality models initial and boundary conditions have 10 beni, the Mediterranean through the Gulf of Lyon; and thel
specified. Model studies of photochemical pollutants will be G adaiquivir Valley, in the southwestern Iberian Peninsulal
affected by the assumed initial and boundary conditions.  yyards the Gulf of CadizGangoiti et al, 2001, Millan et

~ Berge el al(200]) have indicated that the influence of ini- 51 1992 The air pollution from outside of the Iberian model
tial conditions could be minimized through spin-up or start- 4omain penetrates through orographic canalizations.

up prior to formal simulations. The influences of initial con- The 10-15 Auaust 2003 period is representative of hiat
ditions basically depend on the species lifetime. Initial Con_occurrenc_e metl(Ja%L:ological gndl airlqua[I)ity situatilt\)/ns in ;ge
ditions are of some importance, but theffeet can be mini- South-West of the Iberian Peninsulilifian et al, 1997,

mized by running the model for a period of time before using ~ " . . . :
L During this period stagnant high-pressure and meso-scale 11
the results. However, theéfects of uncertainties in boundary . . ) !
circulation patterns were registered. These atmospheric co

conditions are not as easy to minimiZgeinfeld and Pandis itions. together with a cloudless skv and elevated temper?
(1998 have suggested a few rules to reduce the influences o(fl 109 ; Y i Pers
tures, favoured photochemical ozone formation.

boundary conditions. First, include all the sources that may _ _
have potential iects on the given region in the simulation ~ During 11-14 August 2003, at 10:00UTC the diurnal

domain. Second, include the sources implicitly in boundaryregime is established, and the breeze has a component
in the Gulf of Cadiz and S-SW in the Guadalquivir Valley.

From 21:00 UTC, flows weaken and the nocturnal regimen

Corr_espondence taN. Castell characterized by the development of mountain and katabat
BY (nuria@ceam.es) winds in the main orographic systems and the formation o
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Table 1. Domain description. Longitude and latitude of the lower INdustrial emissions. The non methane volatile organic com-
left corner, number of X and Y cells, and horizontal resolution of POUNds (NMVOCs) emission model from vegetation (iso-

X, Y cells. prene, monoterpenes and other NMVOCS) uses the algorithm
by Guenther et al(1993, suited and adapted for describ-
Domain Lon Lat Nx Ny Axy (km) ing the particular emitter behavior of some Spanish species

(Castell et al.20089.

The boundary conditions for the base case were selected
as average background concentrations for the area, with an
ozone concentration of 35 ppb. For the other species no mea-
sures were available and conditions of clean air were as-
sumed (see Tab®). Ideally, initial and boundary conditions
should be determined based on observations. However, these
observations are generally not available.

In order to assess the influence of initial and boundary con-
ditions (IC and BC) in tropospheric ozone levels, seven dif-
ferent simulations were performed by modifying the IC and
BC from the base case (described in Ta®)lenamely:

D2 Iberia -12.73 3395 54 42 24
D3 Huelva -8.27 3482 84 84 6
D4 Huelva -7.29 36.11 84 84 2
D3 Badajoz -8.86 36.13 84 84 6
D4 Badajoz -7.61 3788 84 84 2

a. Increase of 50% in IC and BC for ozone and its precur-
sors.

b. Increase of 50% only in IC for ozone and its precursors.

Figure 1. Nested domains used in the photochemical modelling of c. Increase of 50% only in BC for ozone and its precursors.
Huelva (left) and Badajoz (right).
d. Increase of 50% in ozone IC.

land breezes in coastal areas dominates de dynamics of aire. Increase of 50% in ozone precursors’ IC.
pollutants. Drainages are developed in main valleys and

peninsular orographic systems. The last day of the period f.
the atmospheric stability was broken. A detailed description g |ncrease of 50% in ozone precursors’ BC.

of the meteorological conditions can be foundsialvador et " . e
al. (2008. Initial and boundary conditions were only modified in the

coarse domain (lberian Peninsula). The emissions, meteo-

rology as well as the rest of photochemical model input vari-
2 Methodology ables were the same in the base case and ffexelt scenar-

ios for all domains.

Increase of 50% in ozone BC.

2.1 Meteorological and photochemical modelling

Numerical simulations have been carried out using the MM52‘2 Model vs measurement data

meteorological modelGrell et al, 1994 and the CAMx  In order to evaluate the performance of MM5-CAMXx to
photochemical modeEnviron 2006, independently. Both  calculate ground-level ozone, the data provided by the air
models make use of the nested grid capabilities to includeyuality network of Andalucia and Extremadura Government
interactions between theftérent scales involved. The pho- (Spain) were used. Performance of the models was statis-
tochemical simulations domains are described in Talaled tically evaluated by comparing the first-layer simulation re-
Fig. 1. For the selection of the domain configuration, the sults and the ozone values measured in 20 air quality stations
Seinfeld and Pandigl99§ rules to reduce the influences of |ocated in the southwestern Spain.
boundary conditions were taken into account. The objective set in the Directive 20@2EC (deviation of

The coarse domain includes the Iberian Peninsula, thé&0% for the 1-h averages during daytime) is achieved for all
west and east boundaries extend to the Mediterranean aref the stations for the whole period (10-15 August 2003),
Atlantic sea, respectively. The nested domains include thavith a mean normalized gross error-e29% and-33%, for
areas of Badajoz and Huelva, with a horizontal grid resolu-Huelva and Badajoz domains, respectively.

tion of 2km. Addiotionally, to insure the performance in the Iberian
The anthropogenic emissions for the Iberian Peninsula aré@eninsula the ozone simulations have been statistically eval-
estimated from the EMEP emissions inventdgfg@, 2006. uated using 8 remote air quality stations belonging to the

Simultaneously, a high-resolution emission inventory waseEMEP network and homogenously distributed over Spain.
developed specifically for the Huelva and Badajoz domains,The objective set in the Directive 20@ZEC is achieved too
including the estimation of biogenic, road{tia and main  (Castell et al.2007).
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Figure 2. Impacts of an increase of 50% in initial and boundary conditions &dbase case) at 00:00 UTC (left) and 12:00 UTC (right)
hours for 13 August, for the Huelva (up) and Badajoz (down) domains.

3 Results and discussion Table 2. Initial and boundary conditions for the base case.

3.1 Impact of an increase in IC and BC - -
Specie  Concentration (ppb)

The results of the simulation with increases of 50% in IC and

. . NO 4.90 E-05

BC for ozone and its precursors, shows impacts along the NO, 8.56 E-02
whole simulation (10-15 August 2003) for both Huelva and fo 3.46 E+01
Badajoz. Figure shows the dference in ozone concentra- PAR 3.08 E-00
tions between simulatiomand the base case for 13 August at TOL 6.04 E-03
12:00 and 00:00 UTC. In both study domains, Huelva (indus- HCHO 1.07 B-00
trial) and Badajoz (rural) the impacts exceed 10 ppb in some ALD2 1.05 E-01
areas. Generally, the impacts are greater during the night. ETH 5.32 E-03
Nevertheless, in the Huelva and Badajoz domains there are PAN 3.83 E-02
grid cells where the impact is lower than 3 ppb. These grid co 9.95 501
cells coincide with the industrial areas where the emissions HNO, 7.28 E-04
have been distributed with a constant daily profile. H20, 2:26 E+00
HNO;3 1.53 E+00

Nx Oy 6.33 E-03

3.2 Impact of an increase in IC

Figure 3 represents the ozone impact as consequence of an
increase of 50% in IC (ruh— base case) at 48 and 72 h from portant after 48 h, with impacts as high as 10 ppb in severz
the start of the simulation. In the Badajoz domain tffea  grid cells. In contrast, in the Huelva domain the impact is
of increasing the initial conditions still continues to be im- slightly relevant after 48 h. In the Bajadoz domain the impac
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Figure 3. Impact of initial conditions (rurb — base case) at 48 h (left) and 72 h (right) after the simulation started for the Huelva (up) and
Badajoz (down) domains.

becomes negligible after 72 h from the beginning of the sim-are observed over the rest of the simulation, with variations
ulation. The spin-up time needed to minimize the impact ofamong the dferent days that can be attributed to the meteo-
initial conditions strongly depends on the domain character+ological situation (mainly wind speed and direction).
istics. Figure4 shows the maximum impact for every cell in the
The sensibility of ozone is higher to an increase in thedomain for August 14th (120 hours from beginning of the
ozone ICs than to an increase in ozone precursors, for boteimulation) due to a 50% increase in ozone BC (fun
rural and industrial areas. An increase of 50% in ozonebase case) and in ozone precursors’ BC @unbase case).
IC (rund — base case) leads to an impact of up to 15 ppb,Both Badajoz and Huelva show greater impacts when ozone
whereas an increase in the IC of its precursors gurbase  BC are increased than when the ozone precursors are modi-
case) produces an impact of 5 ppb or less (not shown). fied. In the first case (ruf), the impacts can exceed 10 ppb
Furthermore, the analysis of the temporal evolution of thewhereas in the second one (rgh the impacts are below
IC impact shows that it can be minimized or even eliminated2 ppb. Similar results were described for the northeastern
with a reasonable spin-up time. These simulations indicatdberian Peninsula byimenez et al(2007).
that the initial conditions were unimportant for ozone after The impact of BC shows daily oscillations, with a smaller
48-72h. impact during the central daylight hours (12 to 18 h). This
smaller impact coincides with the hours when the solar ra-
diation as well as biogenic and ffiz emissions reach their
maxima. The diurnal oscillation of the BC impact is not so
During the first 24 h the impact due to the boundary con-clear in zones where emissions are temporally constant, like
ditions is negligible. However, the impact over the Huelva industrial ones.
domain during the second day and over the Badajoz domain Liu et al. (2001 quantified the influences of boundary
during the third day can reach up to 10 ppb. These increasesonditions, showing that it decreases during the downwind

3.3 Impact of an increase in BC
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Figure 4. Hourly maximum impact in ozone levels due to a 50% increase in ozone boundary conditiohs frase case, left) and in ozone
precursors’ boundary conditions (rgn- base case, right) for the Huelva (up) and Badajoz (down) domains for 14 August 2003.

transport, and is significant to a selected site when the arrivatonditions increases with the simulation time, and with dis-
time of BC is short and the species lifetime is long. When tances of 300-500 km between the inner nested domain and
the arrival time is 15h, an average of 64% of initial ozone the coarse grid boundary cells, the impact of the boundary
boundary conditions will contribute to the calculated ozone conditions may account for as much as 15 ppb of the grounc
concentrations. For arrival times of 23, 20, and 7 h, the ralevel ozone at some points in the domain.
tios are 26%, 34%, and 79%, respectively. It indicates that The use of larger master domains could reduce the BC in
with a proper selection of the mother domain the impact ofpact in the nested domains. However, they would have the
boundary conditions can be reduced. disadvantage of great computer times and the need to haye
the input model data (emissions, land-use, etc.) for large
areas. These requirements cannot be always assumed.
4 Conclusions Therefore, it is necessary to carefully consider the choic
of both boundary conditions (especially for ozone) and spint

This work shows that the impact of the initial conditions di- yp times when applying air quality models infiérent geo-
minishes as the simulation progresses. However, it is imporgraphical areas.

tant to note that the influence of the initial conditions lasts The election of the boundary conditions, especia”y fon
longer in the rural area (Badajoz) than in the industrial areapzone, could be critical in the modelling of future scenar-
(Huelva). Therefore, in order to reduce the influence fromigs where the BC supplied to the model could fieeted by
the initial conditions there is a need to estimate the spin-upemission controls in adjacent areas. The estimation of ozorje
times required for each particular domain. concentrations in these future scenarios will depend on th
Both the emissions characteristics and the meteorologicagstimate on the future inflow of boundary conditioh¥irg-
conditions have a noticiable influence over the duration ancher et al, 1995.
intensity of the impact over the ground-level-ozone.
Once the influence of the initial conditions is minimized
through a proper spin-up time, the influence of the boundary
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