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Abstract: In this study the usefulness of deploying a nekwaf planetary boundary layer (PBL) profilers dretscale of the Po Valley

portion of the north-eastern Italian region Venistaddressed. This is done analyzing the regicrelesheterogeneity of accumulation and
dispersion conditions for atmospheric pollutantg.(particulate matter) in terms of thermal stredifion and mixing height (Hmix) on a

five-year data set. Comparison of the temperatuélgs retrieved by the microwave radiometer (MWRYwork with radio soundings in

homogeneous PBL conditions yields reasonable ansistent agreement over this period, with biasehénorder of 1K or less at 00UTC

and 1-2K at 12UTC. The inventory of winter temperatinversions shows that there seem to be morkoshé0-300m) and intense

inversions in rural areas than in urban areas, edsein the latter higher inversions (at about 708mprevail. The impact of the MWR-

retrieved temperature profiles on the surface gnbajance-based Hmix estimation yields an averafferehce in the order of 20%

compared to the radio sounding-only estimates agibmnal differences of the same magnitude. Fintiy,PM10 concentration distribution

for the area exhibits large differences in 16%4, sigjinificant in 35%, of the episodic conditiomifined as concentrations exceeding tHe 90
percentile value, giving an upper limit of the useéss of local profile information. A case studypresented in which differences in the
temperature inversion and Hmix are consistent gijhificant differences in dispersion conditions atnerefore, PM10 concentrations.
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INTRODUCTION

On a European scale the Po Valley can be viewedtas spot in relation to air pollution issues,ezsally during the cold
seasons, which feature frequent occurrences ofdlimd and high static stability conditions, oftercampanied by marked
temperature inversions. As a matter of fact, on lthsis of a documented adverse climatic dispersmmditions, the
European Commission has recently granted to a numbeegions, including the Po Valley, an exemptivom the
obligation to apply the limit values for PM10, ldélgebinding since  January 2005 in accordance with Council Directive
1999/30/EC. This exemption, however, is conditiolmah formal commitment to take the necessary atmtée action with
the view of ensuring compliance with the limit veduin 2011, which still constitutes a formidablaltdnge and requires
concerted action at a national level.

It is generally acknowledged that the meteoroldgicaditions are a very strong driver for air qtiglas they determine the
level of dispersion, where the dominant actorsrer&r-surface winds and thermal static stabilityhia planetary boundary
layer (PBL), both important source terms in the laidgguation for turbulence and, thus, mixing. Asaaiality dispersion
modelling relies on a realistic representationhafse mechanisms the Regional Agency for Environrh®ntdection of the
north-eastern Italian region Veneto (ARPAV) hasatietl in 2005 a PBL profiler network which consisfsfour passive
microwave radiometers (MWRS) for retrieving temperatprofiles and four SODARs for retrieving wind filies.

In this study the quality of the temperature pesfilgathered in the last five years is documentedtan applications are
explored. First, an inventory of temperature inigrs is constructed and, second, the impact orestienation of the PBL
mixing height assessed, both strongly linked to dispersive potential of the atmosphere. In padiguwconsideration is
given to the spatial variability of these factarsprder to assess the usefulness of deployindveonie of profilers on an area
of the scale of the region Veneto (ca. 12.000fanthe plain).

QUALITY OF THE MICROWAVE RADIOMETER-RETRIEVED TEMPERATURE PROFILES

The HATPRO radiometer is manufactured by Radiomelgsies GmbH, Meckheim (D). It measures radiatiorittexh by

the atmosphere in 14 channels (molecular oxygenaatelr vapour lines) and converts this data intfiles for temperature
and humidity (Rose 2005) via a neural algorithm roted for the measuring site. In addition, therinsient installed in
Legnago performs a vertical scan every 20 minutesefmperature with variable vertical resolutio®rtbup to 2000m) in
the PBL, where the declared accuracy is 1K. In 26889PRO participated in the LUAMI campaign in orderdcompare
temperature and humidity profiles with the COSMO elodutputs. The 2 MTP-5 HE radiometers are manufadt by

Attex, Moscow (RUS), and distributed by Kipp & Zonddelft (NL). They use a microwave receiver whishhighly

sensitive to radiation in the 5 mm wavelength (6@zGrequency) band. In essence MTP-5 is ‘black-bdlugrmal radiation
from the atmosphere the intensity varies with #magerature. This instrument reports a good agree(iéastwater 1999,
Kadygrov 2003). All instruments are set to havefitst level at 50m.

The meteorological stations of Legnaro and Santlfmere are manufactured by MTX, and installed deling the WMO

indications and the standards 1SO 9001, too. Thesehe reference stations for meteorological dmrd in Padua and
Rovigo. International radio sounding stations argmésent in Veneto region; closest points are Milamate (SYNOP

16080 160km West) and Bologna S. Pietro CapofiumeN@F 16144 at 25km South). Air quality stations la@ated in

Padua area (urban: Padua Mandria, Arcella and @ramzal: Monselice) and in Rovigo area (urban: Rovigenter,

Castelnuovo Bariano and Adria). Most of the statioses gravimetric technique and some beta attenuatethod (Arcella
and Monselice). The measuring sites are flat amal {begnago, Legnaro and Sant’Apollinare), flatl@ub-urban (Rovigo),
flat and urban (Padua).

110



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

Ag‘
2333
sh88

VICENZA
L ]
«—

RASO MI
(160 km)

VENICE

#samples 12-R0 =228 §
\
#samples 00-RO =140 § &
\

Hoaies 2P05275 |
]

#samples 00-PD =170 4
Q s L T w6 w2 Q 5 O] 12 W 16
a) Temperature (°C) b) Temperature (°C) )

ifference
VR : RASO BO

RASO BO (25 km)

Difference. Difference o
MTPS-HE PD : RASO BO MTPS-HE RO : RASO BO HATPRO

Temperatue (C)

Temperatue (C)
°

——00-0m —12.0m — =00 - 500m ——00-0m —12-0m — =00 - 500m ‘ ——00-0m —12-0m — =00-500m

f)
Figure 1. Panel a3hows southern part of Veneto. The blue pointstlaeeair quality PM10 stations, red points denot MTF-5 HE
radiometers, the green square the HATPRO radioatsk crosses meteorological stations, and RA®hearest radio souing station:
Panés b) and c) show comparisons between the radinding in Bologna (black) and the M-5 HE radiometers in Padua (red), in Ro
(blue) and HATPRO in homogeneous atmospheric camditfor OOUTC and 12UTC. Panels d), e) and f) shbe f-year averac
tenperature differences between RASO and the three Ndv8Res for the levels 0, 500, and 100

Table 1. Data availability (%) for MTB-HE, HATPRO and radio soundings (F1) from ' January 2005 (operating from *March

*August 2005).
Instrument - Station 2005 2006 2007 200¢ 2009
MTP-5 HE PD Padua 73.1* 100 97.4 99.f 99.7
MTP-5 HE RO Rovigo 72.8* 86.4 97.5 (59.1) 99.. 79.6
HATPRO VR Legnago 34.77 70.3 41.3 50.t 51.7
RASO MI' - Linate 83 92 56 63 55
RASO BO- S. Pietro Capofiume 100 97 99 10C 98

The data set used in thisudy spans the year from 1 Mar2005 to 31December 2009for which the data aviability is
reported in Tab. 1 @0 and 12UTC. For the comparison exercise the rsalimding stationof Milano Linate and Bologn
S. Pieto Capofiume were used (see Fla). As none of the radiometers was collocated aeadio sounding, a set of tir
steps were identified for which the soundings ofladid and Bologr are close tothe lowermostkilometer, i.e. the
temperature difference is smaller than 2K. Thesdaiten as conditions “thermal homogeneityfor which we can assume
that the radiometers of Padua and Rovigo shboth bereasonably close to the radio soundings. All dataetbeen
interpolated on a vedal grid with a level every 50rstarting at the surface (Om) and reaching up t@at

The overall data quality resulting from this methedlisplayed for thiMTP-5 HE MWRs inFig. 1b) and for HATPRO in
Fig 1c). The best correspdence is found for the MWRcated at Rovigo (RO) with a BIASF less than 1K at OOUT
throughout the entire range and2K-at 12UTC. In comparison, thPadua MWR (PD)shows a slightly larger ar
consistently warmer BIAS reaching2k at night and up t3K at upper levelsluring the daytime. The MWR HATPF in
Legnago (VR) on the other hand, shows excel agreement in terms of the BIA®hich is close to zero at 00UTC anc
still well below 1K at 12UTC. Figd), e), and f) shows the yearly BIASat three distinct levels as a function of thers.
The data quality is quite consistent in time, witle exception that PD warm bias, clearly presen2005 and 2006,
somewhat decreasds. summary, the average structure is deemed talbguate fothe use of characterizing tempera
inversions and estimating the PBL mixing he (Hmix), and is in line with the results reported in FeaiM.E. (2006) and
references therein.

INVENTORY OF TEMPERATURE INVERSIONS

An overall inventory of temperature inversions &gdosed by the three MWRs PD, RO, HATPRO VR are shown in
Fig. 2 and further quantified in Tab. Rrst, it is remarkable that the wintertime Po ¥glls characterized by the prese of
temperature inversions alma&% of the time for PD and RO, amore thar80% with no inversionspr rural VR it is even
73%-27%. In comparison, the nigtitae hours for the Octok-to-March period add up to 59%. The urban site of P4Ey)
features many more weak inversions with a top galydoelow 700m, while the rural site Legnago VR) has more intense
inversions. The smaller city of Rovigo (RO) showsomewhat intermediate behaviour. The fact that P, &m a lesse
extent, RO, have a maximum in the frequency distidnuof the inversions with a top at 700m, as veallrelatively man'
weakinversions aloft, could be an instrumental artetddhe MTF-5 HE MWR, which has a maximum range of 2000m \
less resolution in the top half of the range. Gadther hand, it is hypothesized that a modestruetif@ct could lead tsuch
a distribution, where more mixing and even a small urban hémtdseffect could lead to a slightly warmer residager
which acts as inversion top when the surface hakdoAlso, there are many more shallow inversiatthe rural site of V
where the radiativeooling is more efficien
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Figure 2. Frequency distribution of temperatureeisions height (panel a) and strength (panel letiimming of all MWRs required).

Table 2. Inventory of temperature inversion for éimire study period (functioning of all MWRs rerpd). Surface-based inversions are
termed ‘surface’, while inversions which start abdlve surface are termed ‘aloft’. Weak inversioasale inversions with a temperature
difference smaller than 1K.

total total hours surface weak surface aloft aloft no

hours | with inversion strong weak strong inversion
,\Pﬂ?r‘&‘; PH[é 6021 - 66% | 1967-2294 1926-21% 1572-11%  55%-6 3062 - 34%
ROMIOPD | [oos | e012-66% | 1372-15% 3122-34%  870-9% 648 - 7§63071- 34%
heAgT“;g%VR 6665-73% | 1477-16%  3894-43% 574 -6% 720 - 806 4182 27%

Table 3. Differences in the frequency distributairihe presence of temperature inversions in Paoeigo, and Legnago.

All 3 MWRs have inversions 2 MWRs have inversign 1 R¥\has inversion All 3 MWRs haven't inversionis
no PD 654 - 7% yes PO 354 - 4%
4770 - 52% no RO 467 - 5% yes PQ 158 - 2% 1476 - 16%
no VR 430 - 5% yes VR 774 - 9%

As to the regional differences, Tab. 3 highlightattin more that half of the time all three MWRagtiose a temperature
inversion, while in only 16% no temperature inversis present in all three sites. This leaves ahdhbtrd of the time where
there are regional differences in terms of preseidemperature inversions. For example, in 7%heftime only the rural

site VR features an inversion, whereas in 5% ofithe VR is the only MWR not diagnosing an inversion.

PBL MIXING HEIGHT ESTIMATES

The PBL mixing height (Hmix) is estimated with theeegy balance method used, for instance, in theanetogical pre-
processor CALMET (Sciret al. 2000). The method determines the sensible heataflihe surface, as well as the Monin-
Obukhov length and the friction velocity, from whitlmix is calculated for day and night time sepalsateach in two ways.
During the day the heat flux and the temperatuodilprare used to determine the mixing height dueanvective turbulence
and, separately, for mechanical turbulence, of whiee maximum value is taken as the Hmix estimBteing the night
empirical relations for thermal and mechanical tlehce are used. Thereby the surface parametees| ifn time, play an
important role in inducing local differences. Thaiability of the long-term Hmix is, therefore, @sult of these local surface
parameters, the wind climatology and the vertieatfierature profile, which, taken from the thredaabundings, is only
weakly ranging on the scale of the Veneto plaig.(E)

Figure 3 provides an overall appreciation of thpaet of local MWR-derived temperature profiles foe estimates of the
PBL mixing height Hmix. When the MWR data are inclddthe mean Hmix for PD is 100m or almost 20% lotien the
estimation with method based only on the radio dmgdata. For the average"dpercentile value this difference increases
to about 200-300m. For the RO site the impact ofldbal temperature profile results to be smalles.fér as regional-scale
variability in the mixing height are concerned, #tady highlights systematic differences, in thatrage Hmix is about
100m or 15% higher in RO than in PD. For the higherix values this difference increases up to 400ralaut 30%. Also,

a different diurnal evolutions of the PBL is suggelsin that the Hmix for PD features a slightly earbnd more steady raise
than RO which appear consistent with the long lgstemperature inversion in RO. Note, that theseameeprofiles were
obtained on the entire data set for all Octobevsreh months for the years 2005-2009, when both MMWRD and RO
data were available, including both stable andupleed synoptic conditions.

DISTRIBUTION OF PM10 CONCENTRATIONS

In order to illustrate the impact of the differeade PBL conditions on the air quality we discussmae study in which such
differences indeed exist and are reflected in tdd®concentrations. Fig. 4a) shows the temperahwersions of the site of
PD and RO for 12 January 2009 along with the corresponding mixieigiht evolution for the day. It emerges very clgarl
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Figure 3. Panel a) shows average Hmix from cold@e#Oct-Mar) 2008-09 calculated with CALMET 5.&nel b) the 5-year cold season

daily average evolution of Hmix from 2005 to 20@® fHmix based only on radio soundings, and inclgdTP-5 HE data for Padua
(black and red circles, respectively) and Rovidadk and blue asterisks). Panel ¢) as in panelibjd the hourly 98 percentile value.
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Figure 4. Panel a) shows the strength and heigiieafemperature inversion on"L2anuary 2009 for Padua (upper) and Rovigo (lower),
while panel b) shows the mixing height for Padeal gircles) and Rovigo (blue crosses) calculated MMWR and with radio soundings
only (same labels in black).

Table 4. 2005-2009 all-year and cold season-aveyhged coldseason correlations coefficients between PM10 curatéons of a numbe
of stations in the study area (cf. Fig. 1a).

PD PD PD PD PD RO RO RO

Mandria Arcella Granze G. Reni | Monselice | Centro | Castelnuovo| Adria
From 2005-2009 46.9 54.7 47.5 45.3 39.0 4213 39.9 0.0 3|
All winters 62.5 73.3 63.0 58.5 49.3 56.2 56.5 39.8
PD Mandria 1.00 0.96 0.93 0.97 0.83 0.88 0.86 0.62
PD Arcella 1.00 0.91 no data no datd 0.87 0.86 6 0|6
PD Granze 1.00 0.94 0.82 0.84 0.78 0.60
PD G. Reni 1.00 0.80 0.85 0.83 0.57
PD Monselice 1.00 0.84 0.78 0.6
RO Centro 1.00 0.92 0.69
RO Castelnuovo 1.00 0.74
RO Adria 1.00

that for RO the temperature inversion is much memsiptent and the mixing height lower, both of ihéze consistent with
the significantly higher PM10 concentration forstliay. Indeed, the stagnant conditions which cabggd concentrations
the day before in PD, relaxed and caused a PM1@ase (from 100 to 75ugfmwhile they intensified in RO, consistent
with a marked increase in the air pollution (frod ® 135ug/m). Note that the mixing height is not the only tact
determining PM10 levels (Fig. 4b, Scieal. 2000).

More systematically, the regional variability obtlPM10 concentrations is reported in Tab. 4. Tra fivo rows report the
average concentrations for the five year studyogeand the respective cold seasons, while the othes show the
correlation coefficients between the stations, tgrethan 0.8 for the RO city centre PM10 station HrelPD stations. The
smallest correlations are found between the urbaioes of PD and RO with the rural station of Adwhich is located
towards the coast.

Table 5 reports significant PM10 concentrationadighces in episodic conditions. This analysis e bmade for 587 days,
in relative terms for the stations of PD and RO,tlesy have a different overall concentration levdieve the PD
concentrations are consistently higher. Technicdltg concentration time series for the two citiesre ranked and the
analysis made on these ranked series. It emergemtepisodic conditions (concentrations above i8%e. 108 pg/rfor
PD, 94 pg/mfor RO) most of the time (65 days or 6%) both séesibit high concentrations (>90%ile), whereas wR&h
is in episodic conditions and PD is below the 7@%%il 14 cases (below 80%ile in 23 cases), andwécsa in 9 (24) cases.
The other days with episodic conditions with smatléferences are 67 (48). Presence of large (stihificant) regional
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Table 5. Comparison of the frequency distributibemisodic conditions (PM10 > 90%ile) for Padua YRDd Rovigo (RO). Significant
regional differences are reported in the columnsHBZ>N% and PD-RO>N%, where the PM10 percentiléswéen PD and RO differ
more than N%, where N=10 and N=20.

PD & RO > 90% 65 - 6%

RO>90% & 70% < PD < 90% -3 RO > 90% & 80% <PD<90% 24 2%
PD>90% & 70% < RO < 90% -3 PD > 90% & 80% <RO<90% 24 2%
RO RO-PD>20%| RO-PD>109 PD PD-RO>20% PD-RO >10%
>90% 14 - 10% 23-17% >90% 9-6% 24 - 18%
>80% 20 46 >80% 19 52
>70% 38 78 >70% 35 84

variability with differences of 20% (10%) is, théoee, in the order of 16% (35%) of the time episocthnditions are present
in the region, larger for smaller differences. Tamalysis suggests an upper limit of 16% (35%}eftime it can be useful to
dispose of local information on PBL conditions, efay. air quality forecasting or for meteorologigaie-processors to
dispersion modelling.

CONCLUSIONS

In this study a five-year data set of planetary ratary layer (PBL) temperature profiles retrievednfranicrowave

radiometers (MWR) and their application to air qtyaksues, including modelling, was presented. fiaén findings can be

summarized as follows:

» Comparison with radio sounding data located at sdistance in homogeneous conditions suggest thatvitiaR-
retrieved temperature profiles are useful and asitent quality, with a bias smaller than 1K atimight and up to 2-3K
at noon;

« The inventory of temperature inversions over thevRtiey portion of Veneto yields a presence of msiens of up to
73% of the time for the October-to-March perioddieve this value is slightly smaller for urban ldgas; urban
inversions tend to be weaker and more detached thenground, while rural inversions can be mucharintense and
are more frequently shallow; regional differencesus in the order of 30% of the time;

« The MWR temperature profiles impact the mixing heigtmix) estimates based on radio sounding profitethat most
of the time the resulting Hmix is smaller (up t@2@or the urban site); regional differences in thder of 15% emerge
from the analysis;

e A case study was shown in which differences in timperature inversion structure and the mixing Hteigere
consistent with changes in the PM10 concentrat&iwéen the cities of Padua and Rovigo (60km apart).

The usefulness of having a network of PBL tempeeapuofilers is judged on the basis of these diffees and the number
of days in which significant differences in PM1(hcentrations are present. The latter are foune tha@8s for large, 35% for
still significant PM10 concentration differencesivéh the fact that PM10 concentrations are not adpendent on the
mixing height and the presence of temperature gioBr this estimate has to be regarded as an lipperA meteorological
pre-processor, like CALMET for example, would beideal framework to make best use of this local rimation.

REFERENCES

Berman S., Ku J.Y, Zhang J., Rao S.T., 1997: Uniceiiga in estimating the mixing depth comparingethmixing depth
models with profiler measurements. Atmospheric Estuinent, vol 31, n 18, pp. 3023-3039, 1997.

Ferrario M.E., Rossa A.M., Pernigotti D., Sansone aid Benassi A., 2006: Presentation and first assa® of a
radiometer network in the Italian region Venetmdadings of the 6th ICUC, Goteborg, Sweden.

Giuldner J., Christoph A., Engelbart D., FerrariEM Heret C., Lohnert U., Madonna F., Ruffieix D.raflch C.L. and Zoll
Y., 2009: Towards the comparabily of microwave ebagon: Results from a temporary profile netwonkidg
the WMO campaign LUAMI in November 2008. Proceedinfithe &' International symposium on Trophospheric
Profiling. Delft, The Netherlands ISBN 978-90-6968322.

Kadygrov E.N., Shur G.N., and Viazankin A.S., 200Bivestigation of Atmospheric Boundary Layer Tenwiere,
Turbulence, and Wind Parameters on the Basis ofuyeagkcrowave Remote Sensing,” Radio Science, N883,

Pernigotti D., Rossa A.M., Ferrario M.E., Sansoneald Benassi A. 2007: Influence of ABL stability e diurnal cycle
of PM10 concentration: illustration of the potehtdhthe new Veneto network of MW-radiometers ar@DAR.
Meteorologische Zeitschrift, 16, 505-511.

Rose T., Crewell S., Léhnert U. and Simmer C. 200Blefwork suitable microwave radiometer for operaiomonitoring
of the cloudy atmosphere. Atmospheric Research 35208.

Scire J.S., Robe F.R., Fernau M.E., Yamartino R.D028 user’s guide for the CALMET Meteorological b, Earth
Tech., available dittp://www.src.com/calpuff/download/calmet usersigupdf

Westwater E.R., Han Y., Leuskiy V., and al., 1999mie&= Sensing of Boundary Layer Temperature Profijes canning
5-mm Microwave Radiometer and RASS: Comparison Erpant. Atmos. Ocean. Technol. 16, 805-818.

WEB REFERNCES

About Air Quality Time Extensions for PM10, Nitray®ioxide and Benzene
http://ec.europa.eu/environment/air/quality/ledisla/time_extensions.htm

Air Quality situation in Po Valley - yearly repddr Veneto Region available at
http://www.arpa.veneto.it/aria_new/htm/documengi.as

ARPA Veneto profiler data available in real timehep://www.arpa.veneto.it/bollettini/htm/profilaicasp

114





