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Abstract: An accurate description of the air quality staea very challenging task due to the complexityl aon-linearity of the
mechanisms taking place in atmosphere. This iscespetrue when dealing with secondary pollutasteh as ozone ¢D Deterministic
chemical transport models are valuable tools toetstdnd the spatial distribution of an air pollatener a certain domain. These models
can provide spatially consistent air quality dasatlaey consider the main physical and chemical gges governing the atmosphere.
However, uncertainties in formalization and inpatad(emission fields, initial and boundary conditipmeteorological patterns) can heavily
affect simulation results. This issue can be addetshrough the use of Data Assimilation (DA), whaombines concentration fields of
secondary atmospheric pollutants simulated by enizta transport model (background) with measured @abservations).

In this work, Q concentration fields over the Po Valley regionifNern Italy) have been simulated by the chemizaigport model TCAM.
For the period from 15 May to 18" July 2007, the Optimal Interpolation (Ol) algorithhas been used to assimilate ahd NQ data
measured by both ground stations and satellite atathe TCAM simulations. The study area (64818 knf) is characterized by complex
topography, high anthropogenic emissions and fregstagnant meteorological conditions leading ghtioncentration levels of ozone in
summer. Preliminary results show that the estirof@; concentrations improves significantly assimilatidgdata, while no impact or even
a negative impact can be seen when performing ghiendation of NO2 for both ground-based and sié¢ellata. The research has been
developed in the framework of the Pilot Project QEAT (QUalita dell’aria mediante I'Integrazione miisure da Terra, da SAtellite e di
modellistica chimica multifase e di Trasporto - tant 1/035/06/0 — http://www.quitsat.it), sponstrand funded by the Italian Space
Agency (ASI).
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INTRODUCTION

An accurate description of the air quality stata ishallenging task due to the complexity of thaa#phere mechanisms. In
fact, the dynamic of a pollutant concentration &ially non-linear and partially unknown. This ipesially true when
dealing with secondary pollutants such as ozong, (@hich constitutes one of the major concerns imolge, due to its
harmful effects on human health and on natural ystems. Ozone formation and accumulation are rmeati processes,
which depends on a large number of reactions takilage in the atmosphere. These phenomena are réa/day
meteorological stagnating conditions and by primamissions of precursors (namely nitrogen oxides \anatile organic
compounds). Due to these reasons, modeling toelseguired to provide a good estimate of the aalitjustate. In fact,
Chemical transport model (CTM) are able to reprodn@3D-gridded domain the complex chemical ands@) processes
governing the atmosphere. However, uncertaintie®imalization and input data (emission fields tialiand boundary
conditions, meteorological patterns) can heavifg@fsimulation results. Thus, a Data Assimilat{®®) technique such as
Optimal Interpolation (Ol; Kalnay, E., 2003), cae bsed to assimilate measurements in the simutatiba deterministic
chemical transport model, in order to obtain adyetstimate of the atmospheric state.

The paper is organized as follows: Section 2 dessrthe formalization of the implemented schemeti@e 3 illustrates a
case study in which £and NQ data, measured by ground stations and a satsdliteor, are assimilated into a chemical
transport model to estimate the ozone concentratidBection 4 conclusions are given.

METHODOLOGY
Aim of the DA scheme is to compute the best possitimate (analysis statxa(t)) of the unknown pollutant

concentration (true statei(t)) starting from a model simulation (backgroumg(t)) and from a series of measured data
(observationsy, (t) ). The background is modeled as

%(t) = £ (% (t) (1) 1)

where Xb(t)D 0", f represents the CTM am(t) represents the uncertainties of the model. Therghtons are related
to the true state<(t) by

Yolt) = Hx(t)ht)+ wit) @

where yo(t)DDp, the matrix H(t)DI]px", called observation operator, maps the model state X(t) into the

observations true staty(t) and W(t) is the observation error. The model ernc(t) and the observation err(w(t) are
assumed to be white, gaussian and mutually unedectl

v(t)=N(0,B) @3)

w(t)=N(O.R) (@)

Session 2 — Environmental impact assessment 275



HARMO13 - 1-4 June 2010, Paris, France - 13th Conference on Harmonisation within Atmospheric Dispersion Modelling for Regulatory Purposes

EV(0] = E[w()] = EMw(}] = 0 ©)

BOO™" and ROOPP are the error covariance matrices of the backgtoamd the observations respectively. The
specification of the error covariance matriddsand R is usually a difficult task.

The matrix B is of utmost importance as it describes the medelr spread over the domain. In this wol, is estimated
using the Gaussian exponential function

2 2
B = s’ [&x —d—“z [ex —dVZ =s’[B (6)
212 212

where:
- d, andd, are the distances between two grid cells of theaio in the horizontal and vertical direction;

. L, and L, are two parameters defining the decay of covaeiamthe horizontal and vertical direction;

. s? is the model error variance computed on the lgisevious simulations.
This approximation states that the model errorarare is constant for each cell of the domain, wtthike error covariance
between two grid points is a function of the honited and vertical distance between them.

The R matrix can be considered diagonal when the meamnts performed by the monitoring stations are peddent.
Moreover, if the same type of instruments are uedthe measurements, it could be possible to asstmat all the

monitoring stations have the same error variah%ethus R could be rewritten as

R=r2[| @)

The assimilation scheme follows a two steps approay at timet, the model is solved to obtain the backgroundifiel
xb(t); 2) the analysisxa(t) is computed through the Ol algorithm merging thimimation of the background with the

information coming from the observatior)%(t) . The analysis represents the initial state forstee 1 at timet +1.

Step 1
The computation ofx, (t) is performed using a CTM, able to reproduce themerand non-linear phenomena involving

pollutants in atmosphere. Such model describesdheentration of each pollutant over a certain doptarough a mass
conservation equation, considering transport, eonsgleposition and chemical transformation phenwmmé&o solve the
resulting partial differential equation systemsitniecessary to provide the initial and boundanditmms for each involved
species:

< Initial conditions, the values for the concentrat®f transported species over all the domatig(’( —l) ).

« Boundary conditions, the values for the concentnatiof transported species on the boundaries oéppécation

domain during the simulation time.

Other fundamental inputs are the emission and mategical fields, that must be supplied to CTMs wdittailed spatial and
temporal resolution. In general, the CTM equatiostay is solved on a regular 3D grid through a nicakapproach. The

simulations performed using the equation (1) over simulation period, provide the backgrouug(t) needed for the
assimilation step.

Step 2
At each time stefd , the analysis stat, (t) is computed assimilating observatioyg(t) into the background state, (t)
estimated at step 1, applying the Ol algorithm

Xalt)= % t)+ K (vo (1) A B, (1), (®)

where H is a linear operator which performs the interpolatbased on the Inverse Distance Weighted algujitof the
background state fielck, (t) at the observation points.

The matrix K 00™P is computed by:

K =BA {ABA"+R) ™. ©)
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It should be noted that, under these assumptiomstd® and R matrices, the Kalman gain can be written as:

-1
2
=~ et =~~~ -1
KzszEBH'[EsZmBH'+—2EI] = BH' BH'+JIZI) . (10)
S
r2
where the only degree of freedon= — is the ratio between the observations and modet eariances.
S

CASE STUDY

In this study, Ol algorithm is used to assimilabserved and simulated hourly ozone concentrati@r av640 x 410 kf
domain placed in Northern Italy (Figure 1). Thigion is characterized by densely inhabited andshdhlized area, and by
high anthropogenic emissions, frequent stagnatieteanological conditions and Mediterranean solaiatéon regularly
causing high ozone levels in particular during senmonths. The period selected for the analysigesfrom 18 May to
15" July 2007.
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Figure 1. Study area with the ground stations @isethe assimilation (black crosses) and for thiedation (red triangles).

Background fields

The background field is computed by means of tr@3port Chemical Aerosol Model (TCAM; Carnevale, Calgt2008).
TCAM is a part of the Gas Aerosol Modeling EvaloatSystem (GAMES; Volta, M. and G. Finzi, 2006)whdn Figure 2,
which also includes: the meteorological pre-proocef8ROMETEO, that provides TCAM all the meteorologioaut fields
in the correct spatial-temporal resolution, startirom the output of continental scale models; ¢#mission processor
POEM-PM (Carnevale, C. et al., 2006); a boundary itimmdpre-processor, that computes the boundarnditions for
TCAM model in the application domain starting freine simulation of continental scale models.
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Figure 2. The GAMES modelling system.

The emission fields are estimated by POEM-PM poegssor starting from the 2004 CTN emission inventbeserti, M.
et al, 2009). Meteorological fields are computednsans of MM5 model (Grell, G. et al., 1994). Tloubhdary conditions
are computed starting from continental scale sitrarieof CHIMERE model (Schmidt, H. et al., 2001).
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Observations data

The observations consist dfata measureby ground stations and OMI sensor during t@ene period of the TCAl
simulations.Data from 26 and 32 stations where used for thiendaton of C; and NQ respectively These measurements
were collected from the regional monitoring netwsofér Italy, and from AirBase database for Franag Switzerland. The
75% of the stations (bladtosses in Figure 1) are usin the assimilation scheme, whileetremaining stationred triangles
in Figure 1) are used for the validati Measurements of the tropospheric Né@lumn provided by the OMI sensor
available for 20 days during the simulation pel

DA parameters
The parameters used in the Ol alfon have been chosen on the base of sensitivilysis and literature values. In the ¢

of ground stations, the horizontal and verticaluefnce length L, and L, are equal to 80 km and 80 m respectively. e
case of OMI datal,, is set to 10 km. Tho is set to 0.1 as suggested in Kalnay, E., 2003.

Results

The validation is carried out comparing the resaoftshe model simulations, before a new assimitastep isperformed,
with the values measured by the stations chosetiéovalidation and therefore not used in the ataion process. Figu 3
and Figure 4 show the results of the ozone stegigti terms of box plots, for the assimilation ¢; and NQ respectively.
The box plots present the comparison between theioavhich the assimilation is performed (Ol) ot (TCAM).

Figure 3 shows the results for the ozone obtairssihdlating (; measurements. It can be noticed that all the bots
confirm an mprovement due to the assimilation ¢; data. In particular, all the error box plots shoveduction of the errc
value when the assimilation is performed. The Catiah coefficient instead presents an improvemeith an increment i
the statistic from 0.4 to 0.6.

Figure 4 and 5 show the impact on the ozone dukaa@ssimilation of N, measured by ground stations and OMI ser
From the box plots it can be seen that ozone esgilms no benefit from the I, assimilation, neither using sparse (nd
stations observations frequent in time (hourly) with dense OMI observations with a poor tempoeslotution (daily). Ir
particular, all the box plots present a very simsigtistics for both the case with (OI) and withGLCAM) the assimilaon.

CONCLUSION

In this work, the impact on the estimate of ozaoe&l$ is evaluated assimilating two different spegfO3 and NO2) fror
both ground stations and a satellite sensor. Thee asimilation is performed using the Ol algoritffansequential priess
which performs the assimilation in two steps. Ie first step, the model is integrated forward imeito obtain thi
background field. In the second step, the obseamattoming from measurement stations are assihiiate the backgroun
field to produce the analysis; this new field is the inmurtthe next model integration. The comparison efdlsimilation o
the two species shows different results. The siggishow that the assimilation o3 significantly improves the estimatic
of ozoneconcentrations. On the contrary, the , assimilation does not seem to give any benefihtoédstimate of ozor
fields, independently on the use of gro-based data or the OMI sensor.
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Figure 3. Validatiorof the impact of O3 data assimilation over the ©Baentrations. Box plots sho'
NME; NMAE; RMSE; Correlation.
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Figure 4. Validation of the impact on the concentrations due to the assimilation of i@ta measure
by ground stations. Box plotsow: NME; NMAE; RMSE; Correlation.
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Figure 5. Validation of the impact on thi concentrations due to the assimilation of i@ta measure
by OMI sensor. Box plots show: NME; NMAE; RMSE; @elation
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