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

H13-106
AN AIR QUALITY MANAGEMENT SYSTEM FOR CYPRUS: DEVELOPMENT AND EV  ALUATION

Moussiopoulos N, Tsegas G, Douros I, Chourdakis E.and Kleanthous .

! aboratory of Heat Transfer and Environmental Eagiing, Aristotle University
University Campus, P.O. Box 483, 54124 Thessalokiéece
’Department of Labour Inspection, Ministry of Lab@umd Social Insurance,
Apelli 12, 1480 Nicosia Cyprus

Abstract: The new Air Quality Directive (2008/50/EC) encages the introduction of modelling as a necessaoy for air quality
management and assessment. Towards this aim, Ain€uality Management System has been developéddrestalled in the Department
of Labour Inspection of the Republic of Cyprus. TR@MS comprises of two operational modules, pravidhourly nowcasting and daily
air quality forecasting, implemented as an integtahodel system that performs nested grid metegigalband photochemical simulations.
A third operational module provides the capabildystudy emission scenarios and assess their effieatr quality in the five major urban
areas of Cyprus or over user defined domains.

As part of the continuous evaluation and improven@#rthe system’s performance, a range of modificet on its structure, as well as
enhancements in the main computational procedwres fecently taken place. Statistical indicatoescalculated at the end of each day for
the measurement locations of DLI's air quality nioring network. Moreover, a novel infrastructures lieeen developed, which enables the
integration of both air quality measurements cotetidy DLI, as well as results of larger scale n®des initial and lateral boundary
conditions for the model calculations. An upgradeethodology has been developed and incorporatéaeirsystem’s core for providing
increased flexibility in the coupling of the nestadmains. In addition, a dynamic dust incrementlyeen included in the boundary RM
and PM; concentrations used for the operational calcuiatico as to improve the system’s performance gusaharan dust episodes.
These upgrades significantly enhance the operatmognostic skills of the AQMS in the cases ofvalied concentration levels that are
associated with transboundary transport of airupafits.
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INTRODUCTION

Operational air quality modelling has been incneglsi recognised as an indispensable component pfirgagrated air
quality assessment strategy, especially in vieshefprovisions of the new European Union Direc(2@08/50/EC) which
encourages the use of computational methods aloitly eirect monitoring and remote sensing-based sassent
methodologies. In view of this emerging need fottdyeincorporation of modelling methods in air dtyalnanagement,
integrated informational systems known as Air QuaManagement Systems (AQMS) have been developméh@ito
provide technical users and policy makers with as@ient and robust environment for their regularkflows. In this
framework, a newly developed AQMS has been instadled used operationally in the Department of Laloapection
(DLI) of the Republic of Cyprus (Moussiopouletsal, 2010). The core of the new AQMS consists of a ehggistem which
performs nested grid meteorological and photochamimdel simulations in two parallel operationaldas, providing users
with updated air quality nowcasting and forecastimegpectively, for the entire island of Cyprusr duality assessment and
decision making is supported by the AQMS by enap| users to interactively configure custom ergssscenarios and
computationally assess air quality trends over-dséined domains of interest.

Following an operational evaluation of the systeenfgrmance and by continuously evaluating userldaeki, a range of
improvements on the model core as well as structnoalifications on the system’s user interface haaaently taken place.
Tools for validating the chemical dispersion cadtions have been implemented, including the autoneatculation and
visualisation of a number of statistical indicatfoes selected locations in the computational domatrthe end of each day.
In the direction of the optimisation of the systerperformance, a new boundary condition modulebesn developed,
increasing the system’s flexibility in assimilatidgta obtained both from air quality measuremestwell as from results of
larger scale models. A dynamic dust component le&h ladded in the calculation of particulate mafi®vl) boundary
conditions for the chemical transport model, aimiogmprove estimations of PM dispersion during &ah dust episodes.
Finally, an improved system of domain nesting hesnbdeveloped and incorporated in the model cdfesjryg significant
flexibility in the ways that the coupling of nestddmains can take place.

METHODOLOGY

In order to better evaluate the system’s performanuitable statistical indicators are calculated jpresented to the user at
the end of each day. Indicators are calculated fsimulated and measurement data series on thevgitese DLI's air
quality measurements take place (URL1). An automatededure operating on an around-the-clock basiemakes the
downloading of the available observation data fidbh's data server, and the subsequent processidgi@mage in the main
AQMS data base. At the same time, model resultutzted for the same locations are registeredgarallel data pool and
are archived for later inspection by the user. & end of each day, a wide range of statisticakatdrs are calculated
according to the guidelines set in COST728 (20a8)He station locations and pollutants of interastd numerous charts
are produced for visually assessing the accuratiyeo$imulations in both nowcasting and forecastiogle. In order to have
a better overview of the system’s performance daion charts for meteorological parameters are pteduced presenting
comparisons between the calculated and the obsémeseries of wind speed and wind direction.

In an effort to optimize the model core performgraceevised methodology has been incorporatedeibtiundary condition
module which enables the combined use of concémtraalues obtained from the results of largerescabdels and quality
measurements conducted by DLI. A combination ofceotration fields obtained by assimilating measemtinvalues and
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downscaling larger-scale simulations can be usedite and lateral conditions during the dispersicalculations. The use
of regional model results greatly enhances theegygterformance in predicting elevated air pollutievels that are related
to the transboundary transport of air pollutants. t8e other hand, inclusion of observation datarawes the predictive
accuracy in calculations of high pollutant concatitns which are associated with local activity.

One of the most important adjustments in the bogndandition module is the integration of a dustrement in PM
calculations. Transboundary transfer of dust cautst one of the most pressing environmental probli@ Cyprus, since its
contribution to the total PM levels, combined wiitle relative influence of sea salt, leads to treurence of about 75% of
the measured number of exceedances of the daily Bt value prescribed by the European Union (EBari et al,
2008). As an example, about 129 of the total 165enked exceedances of the daily EU limit at thificratation of Nicosia
in 2007 occurred as a consequence of the conwibuwf natural sources and transboundary transpothe total PM
concentration (URL3). Thus, a dynamic dust increnfeag being added in the calculation of initial aagkral PM, and
PM, s concentrationssed for the operational simulations. This increnaéms to improve the system'’s prognostic skilttie
cases of high PM levels associated with transbayrtdansport of Saharan dust. Initially, the imptartation of the dynamic
dust increment in the BC module was tested with plybévailable data originating from larger scalestdmodels, such as
Skiron (URL2). In the upcoming versions of the sgstehe functional integration of the trajectory rebdHYSPLIT4
(Draxler R.R. and Rolph G.D., 2003) in the system ealiebe finalized, enabling a continuous operatibestimation of the
dust increment.

A final set of enhancements focused on the impr@rénof the nesting capabilities of the meteorolabiend transport
models. In the previous edition of the system, reirulations for the fine-grid domains covering tlreas around the five
major cities were perfomed using boundary concéotra downscaled from regional scale models. Thgraged nesting
methodology which has recently been developed aodrporated in the system’s core provides incredlsedility in the
coupling of the nested domains by enabling theoopti assimilation of initial and lateral concerizat obtained from the
respective model calculations in the coarse doniis flexible zooming approach enhances the systgerformance of
air quality assessment calculations at the locesc

RESULTS

In Figures 1, 2 and 3, air quality and meteorolabi@lidation graphs are shown in the form theymesented to the AQMS
user. Each graph shows comparisons between madelagions and the respective observation data daga@ir pollutant
concentrations, as well as wind speed and direcAdditionally, information about the model accuras also provided in
the form of statistical indicators (COST728, 200&mely Bias, Average Normalised Bias (ANB), FractioBas (FB),
Root Mean Square Error (RMSE), Normalised Mean Sq&arer (NMSE), Correlation Coefficient (CC) and Indek
Agreement (lA). In this field of the graphs, gremslour indicates which mode (nowcasting or fordogdtachieved better
simulation accuracy according to each statistivdék. In the case of performance data shown inr€igjuthe models appear
to accurately reproduce the timeseries on the suburban location, where conamitrlevels are mainly determined by the
transboundary transport which enters the model doam initial and lateral boundary conditions fréarger scale models.
On the other hand, the supplementary use of ailitguaeasurements in the formation of boundary dtmas leads to
increased model efficiency in the cases of airytafits which are directly related to human acteitisuch as NQCand
Benzene (see Figures 2 and 3). This occurs becaose oh DLI's measurement stations are located masrwith a
significant degree of human activities, includimgnisport and industry, leading to concentratioueslwhich are strongly
affected by the aforementioned activities.

Figure 4 presents a subset of the calculated titatisndicators, namely Bias, Normalised Mean Squarmor, Correlation
Coefficient and Index of Agreement, for nitrogenxdite (NG,) and ozone (§) over a period of three days. As evidenced
from the indicators, model calculations are inlfagood agreement with the observed concentratiaiithy the notable
exception of the industrial and traffic stationisTis more or less expected for these hotspotshauie highly affected by
local and street scale activities.

Station=NICO_resi, Date=04 03 2010 Station=NICO_resi, Date=10 03 2010

now ave: 55.10 | e
forave: 5595 | Index a P e

b 3592

obs ave ki

now ave: 48.80 |
for ave: 4275 Index

2003 100 | obs ave: 43.33 | ans 547
o Ave. Norm. BIAS 013

B

oo

Fract. BIAS 0.12 =
G4

013

054

074

o o

2
g

L Ave. Norm. BIAS

Fract BIAS 044

RMSE 15.89.

NMSE

0.43

nise o)
w© [
" =

028
051

Concentration (pg/m?)

817
53
=
RMSE | 2068
o]
[0
o

0 3 6 9 12 15 18 21 0

6 ==0OW] WindSpeed nowave 194 -
b for ave: 264

obsave:225 |

o 3 6 9 122 15 18 21 0

==TOW | Wind Speed nowave: 293 |
forave: 2.63
obs ave: 3.33 B

i ST A S AT A SRR TN
3 6 95 12 15 18 20 3 6 9 12 15 18 21

Figure 1: Air quality and meteorological validatigraphs for theand 18 of March 2010 for the residential station of Nieosoncerning @
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Figure 2: Air quality and meteorological validatigraphs for theand 18 of March 2010 for the residential station of Nieosoncerning
NO,.
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Figure 3: Air quality and meteorological validatigraphs for 18 of March 2010 for the traffic station of Larnagadzhe residential station
of Nicosia concerning Benzene and NO, respectively.
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Figure 4: Statistical indicators calculated for 118 and 18 of March 2010 as regards NMQ@pper left, upper right) andsQower left,
lower right).
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Figure 5:Snapshots of the system’s results for;RP8Muiring Saharan dust episode.

Figure 5 demonstrates the gradual dust transpert the Cyprus domain during a typical Saharan dpistode. The system
performs reasonably well in predicting the occuceenf such episodes. Additionally, the model respiesented in Figure 5
indicate the high ability of the system in reprodgcthe qualitative aspects of the spatial distitou of PM during dust
episodes.

CONCLUSIONS

As part of the continuous evaluation and improvenaérthe ability of the Cyprus AQMS to computatitipassess the air
quality status for the entire island as well adive major cities, a range of modifications onnt®del core structure have
recently taken place. In order to operationally leate the system’s performance, appropriate dtaisindicators are
calculated at the end of each day for the measuretoeations of DLI's air quality monitoring netwhar In addition,
validation charts are produced, presenting to ter @omparisons between the calculated and thevalisémeseries of
pollutant concentrations, wind speed and wind divec Aiming at improving the system’'s performancsgveral
enhancements in the main model components weremasited. An appropriate methodology has been dese)@®nabling
the integration of both observed concentrationsrasdlts of larger scale models in the initial #odindary conditions of the
model calculations. Moreover, a highly configurahksting module has been developed and incorponatdte system’s
core for providing increased flexibility in the qaing of nested domains. A dynamically estimatedtdacrement has been
included in the boundary PMand PM s concentrations used in the dispersion calculatisasas to improve the system’s
performance during Saharan dust episodes.
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