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Abstract. We propose the heiglat of the inversion in the vertical profile of potential temperature, on the top

of a mixed layer or of a residual layer as a relevant parameter for retrieving information related to water vapour
in the lower layers of the atmosphere, from currently available operational satellites information. We estimated
z using an algorithm where a set of threshold values in the vertical gradients of potential temperature are used
to analyse the available profiles in order to find relevant inversions. Thresholds are derived from the subjective
analysis of a set of high vertical resolution soundings from the coastal site of the Italian Meteorological Service
of Pratica di Mare (WMO #16245, lat. 41.68, lon. 12.45E).

The sensitivity of the method to vertical sampling is tested comparing results obtained by applying the method
to two sets of about 6500 raw and sampled radiosoundings during the period 2002—2B&@&nbeés in avelr-

age seasonal and six-hourly valuegdfom the two datasets are found within the range 5-10%. The method
was then applied to a larger set of soundings from coastal and continental Mediterranean sites collected in a
standard archive. It was found that mean summer valugsaifcoastal sites are lower than in winter, con-
versely to continental sites.

Furthermore, values af found using the proposed algorithm show a systematically higher inversion if com-
pared to height found using the Richardson Number method, although there are cases when both idzantify the
inversion at the same height.

1 Introduction ager)) are available at various time and space scales. Hov

ever, information content of currently available satellite ob-
Retrieval of Atmospheric Boundary Layer (ABL) properties Servations, particularly IR pseudo-sounding radiometers g
from operational satellite passive remote sensing observaSEVIRI, has not been yet fully investigated and thus ex;
tions is a challenging issue mostly because of tiigcdities ~ ploited.
in quantifying the partition between surface and ABL con-  This study is aimed to investigate, using radiosoundings
tributions within the measured signal. Operational productsthe possibility to define a parameter, somehow related to th
relative to water vapour characteristics, e.g. vertical profile,distribution of water vapour in the lowest layers of the at-

Total Precipitable Water Vapour (TPWV), precipitable water mosphere, which can be retrieved from currently available

vapour integrated over given layers (LPWV), based dfedi satellite passive remote sensing observations. In this fram
ent instruments (SSM(Special Sensor Microwave Imager), We propose the heigla of the base of the inversion capping
ATOVS (Advanced TIROS Operational Vertical Sounder), @ mixed layer or a residual layer, estimated using an algg

and SEVIRI (Spinning Enhanced Visible and Infrared Im- rithm that identifies the inversion in each vertical profile of
potential temperatured) as such parameter. We focu-o

shore areas where the almost constant surface emissivity
Correspondence td:. Velea the sea surface leads to fewer problems in interpreting remo
BY (liliana.velea@artov.isac.cnr.it) sensing observations.
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We assume that information relative to air-sea interaction2 Data and methods
may be retrieved from the available satellite measurements
usingz. In particular, the mixing height may be used into a The radiosounding station of Pratica di Mare (WMO #16245)
relationship for partitioning the TPWV in the entire column (41.66 N, 12.45 E) is located at about 3 km from the coast
and in the mixed layer contribution; therefore this relation, of the Tyrrhenian Sea and at a nominal elevation of 35a.s.l.
together with satellite information about TPWV in the entire €ast of the town of Rome. The original sampling dataset
column, may be used to estimate TPWYV in the mixed |ayer,(H|RES) is available for the period 2002—-2008 and consists
with the advantage of providing spatial coverage otherwisein raw data from standard radiosonde measurements rou-
hardly accessible for such measurements. Investigations rdinely performed up to 4 times per day by the Italian Meteo-
lated to the detection and characterization of temperature inrological Service, with a sampling frequency of 10's, corre-
versions in the boundary layer from passive infrared radiom-sponding to a vertical resolution of roughly 35m. The IGRA
etry has been examined by several authors (e.qg. Liu and Keygataset consists of archived radiosonde and pilot balloon ob-
2003; Fetzer et al., 2004; Hyvarinen and Rantamaki, 2004servations at over 1500 globally distributed stations, avail-
Liu et al., 2006). able at standard, surface, tropopause and significant pressure
High resolution radiosoundings provide detailed verti- levels. Data from Pratica di Mare are available for the pe-
cal distribution of atmospheric variables (e.g. temperaturefiod 1987-2008. The entire database is freely accessible at
wind) that allow estimating the mixing height. However, http7/www.ncdc.noaa.ggegclimateigrgindex.php Here,
there are only sparse datasets of such measurements over $#@ considered the IGRA dataset of Pratica di Mare for two
areas. Homogeneous and quality controlled datasets for chaperiods: we denoted as LOWRES the dataset for the pe-
acterizing Marine Atmospheric Boundary Layers (MABL) riod 2002-2008 when also the HIRES are available and as
suitable for our study are typically linked to experiments LOWRESall the entire available period.
(e.g. Tropical Ocean Global Atmosphere Coupled Ocean At- We produced a working dataset for the period 2002-2008
mosphere Response Experiment (TOGA COARE) (Webstegontaining only data that fulfill the following conditions:
and Lukas, 1992), Flux, Etat de la mer, d@ld@cetection en )
Condition de Fetch variable (FETCH) (Hauser et al., 2003); — Both HIRES and LOWRES are available and the num-
therefore they are limited both in space and time although ber of valid levels in the vertical temperature profile of
in North Europe, long-term campaigns with high resolution ~ the HIRES and LOWRES dataset to be at least 20 and 5
radio soundings are available i.e. the Danish Havn 90 (Sem-  levels respectively;
previva and Gryning, 2000§)stergansholm, Sweden (Gryn-
ing and Batchvarova, 2002; Johansonn et al., 2005). Never-
theless, for a relatively large number of coastal sites, pluri-
decadal time series of radiosoundings are easily available
through quality controlled archives, but representativity for — Availability of valid relative humidity (RH) profiles up
marine conditions must still be investigated. to at least 3000 m. This condition ensures that other
Here, we develop a method for retrieving the height of methods for mixing height estimation (e.g. analysis of
the top of the ABL in convective and residual layers and we  virtual potential temperature profile, analysis of vertical
test it on a set of high resolution soundings available for a gradient of water vapour mixing ratio) may be applied,
limited period (2002-2008) at the World Meteorological Or- as a cross-check of the proposed detection algorithm.
ganization (WMO) coastal Mediterranean site of Pratica di
Mare in Italy. This reference dataset contains about 6500 Valid soundings have been grouped according to season
soundings at the original 10s sampling frequency. Statis{winter: December, January and February (DJF); spring:
tics in terms of seasonal and diurnal variatiorgobbtained  March, April and May (MAM); summer: June, July, Au-
from such dataset are compared with those obtained from thgust (JJA) and autumn: September, October and November
same set of soundings but with the low resolution vertical(SON)) and time of launching, as shown in Table 1.
sampling available from the Integrated Global Radiosonde The proposed algorithm for estimating the height of the
Archive (IGRA) (Durre et al., 2006), in order to evaluate the inversion, was finally applied, with the same set of thresh-
possible loss of information. The robustness of the methodololds, to the complete sampled dataset (LOWRESall) avail-
ogy and the results obtained from such comparison have beesble at Pratica di Mare for the period 1987—-2008 (Table 1 in
then tested performing a similar analysis on a longer time separenthesis) and to five additional datasets of vertical pro-
ries and on other radiosoundings from coastal and continentdiles at Italian sites containing long-term time series of 4
sites for the same period. daily measurements. We chose three coastal Mediterranean
stations i.e. Trapani (TRA, WMO#16429), Brindisi (BRI,
WMO#16320) and Cagliari (CAG, WMO#16560) and two
continental stations i.e. Milano (MIL, WMO#16080) and
Udine (UDI, WMO#16044).

— The height of last valid level to be at least 3000 m (this
being assumed as the maximum alloypedsible height
of mixed layer in the Mediterranean Region); and
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Table 1. Number of soundings used for each season and eachable 2. Settings of sensitivity experiments for the detection algo-
launching time, for the period June 2002—-August 2008 available atithm.

Pratica di Mare. The number of sounding used for each season and
each launching time from the IGRA database for the entire period BLtop[m] SbL[m] % [Km™1] A® [K]
are in parenthesis.

expl 3000 100 0.002 0.5
. . , : exp2 3000 200 0.002 0.5

00:00 06:00 12:00 18:00 exp3 3000 200 0.004 1.0

DJF 486 (1797) 346(1342) 503 (1806) 228 (1236) ol 3000 200 0.004 0.5

MAM 483 (1879) 321 (1482) 490 (1838) 152 (1305)
JJA  508(1889) 343(1376) 526 (1880) 231 (1270)
SON 460 (1823) 247 (1342) 443 (1779) 243 (1321)

Table 3. Number of cases, out of total number of soundings useq
(in %), when an inversion was found using the proposed method
for datasets HIRES, LOWRES and LOWRESall.

3 Methodology for estimating inversion height

Season 00:00 06:00 12:00 18:00 Dataset
Several prqcedures to estimate the height of th_e invgrsion 679 566 910 820 HIRES
above a mixed layer or residual layer are described inthe ;- 683 564 897 811 LOWRES
literature. The advanced parcel method and the evaluation 503 465 87.0 779 LOWRESall
of the gradient of the mixing ratio of water vapour seems
to be most appropriate (Seibert et al., 2000; De Tomasi and
Perrone, 2006) for convective and near neutral conditions; in
stable conditions approaches based on the Richardson num-

59.0 47.0 85.3 77.6 HIRES
MAM 60.9 48.9 88.0 776 LOWRES
57.2 46.7 89.4 81.2 LOWRESall

ber and on the low level wind profile are more suitablef{éo 455 335 861 658 HIRES

et al., 2001). In both stable and unstable cases, the detection JJA 457 373 825 66.7 LOWRES

of a critical inversion in the temperature profile, located at 41.2 334 868 728 LOWRESall

the top of the mixing layer, renders a mixing height estimate 654 494 914 880 HIRES

(Heftter, 1980; Dayan et al., 1996). SON 626 514 944 794 LOWRES
In this analysis, we developed and used a modified ver- 58.7 472 925 81.6 LOWRESall

sion of the temperature-inversion method, as it requires only
temperature measurements that are more reliable and usually
available. The method is based on analysis of@harofile.

We have considered as the surface layer (SL), the valid layer Sensitivity tests (Table 2) regarding the threshold value
closest to 110 m; the algorithm then searchd®/ analysing  for some of the detection parameters, applied identically t
200 m-thick sub-layers (SbL), included in a vertical range both datasets, showed that in general LOWRES is sensitiy
defined by the top of the SL and the maximum allowed PBL especially to the magnitude of gradient@nwhile high res-
top (3000 m). olution data is more sensitive than LOWRES with respect tg

First step is to detect relatively large positive discontinu- all parameters, likely due to the finer structure which shows
ities within each candidate sub-layer, where the condition is:different features that may meet the threshold conditions.

Overall, these results suggest that sets of threshold valu
tuned for each type of datasets would exploit better the avai
For each sub-layer, where this condition is fulfilled, the ver- able information.

tical gradient of® between the upper boundary of the sub- It should be pointed out that, since the developed algo
layer and SL top is computed as an estimate of the mixingfithm is able to estimate the height of the inversion only in

A® > 0.5K 1)

within the layer between the two levels. The searched inverthe presence of a mixed layer or a residual layer, the statig

sion will be on the level with the largest vertical gradient of tics derived will be representative for such particular sub-se
© between the considered level and the SL top that satisfipf BL conditions. In Fig. 1a, b, examples of success ang

the following condition: failure of the method in determinirg, for both HIRES and
A® LOWRES datasets are shown. In Fig. 1a a case with near
e <0.004K/m 2 the same; is presented; Fig. 1b shows a case when values ¢

z found in LOWRES and HIRES soundinggtéir of about
These thresholds were chosen based on visual check of r00 m. Table 3 shows the number of cases when the propos
sults from a set of randomly selected cases from high resolualgorithm was able to identifg in each dataset.
tion dataset, independently from seagsiome of the day and
were applied also to low resolution soundings.
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Figure 1. Examples ofz (horizontal lines) determined from LOWRES (blue line) and HIRES (pink line) datase{@f@9.06.2006,
23:00 UT;(b) 18.08.2007, 22:00 UT. Orange line marks the mixing height as found using RN method from HIRES dataset.
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Figure 2. (a) Scatter plot of layered TPWYV integrated from surface t6TPWV(z)) and to RN height (TPWV(RN))(b) Scatter plot of
ratio between layered and total TPWV and the height of inversion as found with the algorithm proposed here (black dots) and the RN method
(pink dots).

The comparison with estimated values of the mixing probably the RN method did not work. These are profiles
height by the Richardson Number method (RN) (Eresmaa ebf more complex structure, where entrainment zone is not
al., 2005; Jffre et al., 2001) shows a systematically lower clearly confined and the first inversion that meets the criteria
inversion than the method proposed here, although therés found at height of the order of 2500-3000 m. The presence
are cases when both methods identify the same inversioonf a secondary, higher inversion in the Marine ABL was first
(Fig. 1a). On the other hand Fig. 2a shows the scatter plohoticed at a location in the Danish Kattegat Sea by Sempre-
of TPWV obtained by integrating radisounding observationsviva and Gryning (2000) who explained it as marking a resid-
between the surface and the legebr the level derived with  ual layer or advection of a convective layer over land. Com-
RN method. The distribution of the points shows two main plex structure of vertical profiles of meteorological parame-
clusters. One cluster lies around the 1:1 line and correspondtgrs was also observed in mountain valleys (Batchvarova et
to cases where both algorithms agree. The second one showas, 2007).
thatz in most of the cases corresponds to a higher inversion
that include about 80% of the TPWV (Fig. 2b), cases where
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Figure 3. Seasonal averagedetermined from HIRES (pink line), LOWRES (black line) and LOWRESall (blue line) for launching hou
(from left to right, top—down): 06:00 UTC; 12:00 UTC; 18:00 UTC; 00:00 UTC. Dashed lines show the standard deviation of

4 Results = hour 06 12 18

. . . L pia | T | |
Seasonal averages®bbtained at the Pratica di Mare station  .x [
using HIRES and LOWRES datasets are plotted in Fig. 3, %
for each launching hour. The seasonal variation from HIRES é 0.05 E ]
and LOWRES datasets is similar and in generahlues are = [
lower in summer than in the other seasons. Sempreviva anc.t. i
Gryning (2000) found that in summer is higher than in E 000 N
winter, at a site on a flat small island located in the middle of T
the Danish Kattegat Sea; however, Dayan et al. (1996, 1999). i
Martano, (2002); De Tomasi and Perrone (2006); and Sicardé‘ —0.05 7
et al. (2006) found lower ABL during summer with respect -
to the other seasons in other studies at Mediterranean coast: E 014 I
sites. All authors explained low summer inversion by the ) o ] - N 4 5

advection of air from sea caused by sea breeze that limits the
development of a full convective layer.
The dissimilarity between HIRES and LOWRES datasetsFigure 4. Relative diference between seasonal averagee-

estimates is more pronounced if the range of average Valﬁved from LOWRES and HIRES (solid lines) and LOWRESall and

20500

ues is considered. The inversion heights determined fronyres (dash-dotted lines), respectively. Colours indicate launcht

LOWRES are overall lower than those from HIRES during ing hours: 06:00 UTC (black), 12:00 UTC (pink), 18:00 UTC (blue)
night time, and slightly higher during day time, the relative and 00:00 UTC (green).

difference being in the range 2—7% (Fig. 4).

The daily cycle, expressed in terms of the relativiéedi

ence between average at reference hour 12:00UTC and 18:00UTC when in HIRES, larger heights at 12:00 UTC ar¢g
each other hour (Fig. 5), is comparable in both dataset§ound during spring instead of summer. The amplitudes o
at 00:00UTC and 06:00 UTC; heights are generally largerthe daily cycle, generally in the range 3-18%, are slightly
at 12:00UTC during summer (June—August), except forlarger in LOWRES.
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7]




164 L. Velea et al.: Setup of tools and dataset selection for MBL investigation over a coastal Mediterranean site

ILDWRES IHI RES ILOWRESCIIH ILDWRES IHI RES ILOWRESG_'U

0.20 0.20
o o
T 015¢ 9 T 015¢ .
= =
o 010 1 © 010 .
i~ ‘Ff
A ] L ]
o posF . o oSt .
N ] N ]

U,DO 1 1 1 1 ] U,DO 1 1 1 1

DIF  MAM  JJA  SON DJF  MAM  JJA  SON
sedson SEds0n
LCWRES HIRES LOWRE Sall

0.20 ' ' ' '
o
S 0157 .
=
g uaar .
]
A
o005+ .
N

0.00 s . . .

sedson

Figure 5. Daily cycle expressed as the relativéfdience between averageat reference hour 12:00 UTC and each other hour, for HIRES
(pink line), LOWRES (black line) and LOWRESall (blue line).

To check whether theseftirences are due to a poor num- inland during summer. Dayan et al. (1996, 1999) were the
ber of analysed cases, the algorithm was also applied for thérst to estimate a loweg; in summer with respect to win-
LOWRESall vertically sampled dataset available for Praticater arguing that this was due to the sea breeze circulation.
di Mare. The comparison with HIRES shows a good agree-From Figs. 6, 7 and 8, we can support the conclusion that, in
ment; the inversion heights are still lower than in HIRES at coastal areas, the presence of the sea breeze induces an op-
00:00UTC, but at 06:00 UTC they are higher of about 5% posite annual cycle of the height of the inversion compared
and in general the daily cycle has a smoother variation oveto continental sites. In this frame, coastal radiosoundings
the year. might be used for characterizing the marine boundary layer
Structure if a wind direction analysis is performed through
the boundary layer choosing onshore flow considering the
‘wind directions recorded at the ground station. A prelim-
inary analysis of the HIRES dataset, with respect to near-
cally sampled soundings available from the IGRA archiVe_surface wind direction, showed that the volume of data avail-

We chose the Italian coastal stations of Trapani, Brindisi ano"jlbllle n gase; of onsho"refan?“rs]mcl)r(tat W'nld would be drzsttl-th
Cagliari where we found similar characteristics with Pratica 2" '€duced, especially for (n€ latier class, compared o the

di Mare. The lowz in summer is less marked at Brindisi entire dataset (Table 4). However, the use of vertically sam-

during night, and more pronounced at Trapani and CagliariIOIeOI data, ava_ﬂapl_e for much longer period of times, may
(Fig. 6). Also, all coastal stations exhibit a diurnal cycle, lead to more significant datasets for the two classes of wind

with largest amplitude at Cagliari (Fig. 7). In contrast, the regime. How and in which case coastal stations radiosound-

continental stations of Milano and Udine show the expecteomg might represent open-sea areas will be further explored,
seasonal behaviour i.e. a higlzeduring summer than during

e.g. by comparing data from coastal stations, classified ac-
winter cording to near-surface wind regimes, with data collected in

open-sea areas, e.g. ASAP (Automated Shipboard Aerologi-
In Fig. 8, we plot the radiosonde trajectories from the high cal Programme).

resolution dataset at Pratica di Mare for each season. We
note that, for the lowest 250 hPa, all lie mainly within around
15 km from the coast, and that most trajectories are towards

Then we investigated the features found at Pratica di Mar
i.e. the lower inversion heights in summer, daily cyclezof
— considering five additional Mediterranean sites and appl
ing the algorithm with the same set of thresholds to verti-

Adv. Sci. Res., 2, 15968 2008 www.adv-sci-res.n@f1592008
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Figure 6. Seasonal averaggfor launching hours (from left to right, top—down): 06:00 UTC; 12:00 UTC; 18:00 UTC; 00:00 UTC determing
from HIRES (pink line), LOWRES (black line) and LOWRESall (blue line) at Pratica di Mare, and from vertically sampled soundingg

Brindisi (dark green line), Trapani (light green line), Cagliari (dark blue line), Milano (orange line), and Udine (dark red line). Dashed

show the standard deviation nf
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Figure 8. Trajectories of the radiosondes within the lowest 250 hPa in the original sampling dataset (Pratica di Mare station) as a function of

the seasof®) winter (DJF),(b) spring (MAM), (c) summer (JJA) an¢d) autumn (SON). Line colours indicate the launch time in UT (black
00:00, red 06:00, green 12:00, blue 18:00).

Table 4. Number of cases with wind from land (L) and from sea (S) out of total number of soundings with valid wind values at the 2nd level

in the sounding, in %, for each month and each launching time, for the period June 2002—August 2008 available at Pratica di Mare in the
original radiosoundings dataset.

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Ll/&eh

403 347 250 175 157 111 152 130 256 300 30.6 419 L
00:00 179 143 275 222 37.8 27.8 250 351 190 18.0 145 11.0 S
522 491 328 280 265 295 328 194 321 409 347 459 L
06:00 156 132 177 147 163 115 179 194 143 182 200 7.3 s
323 237 101 68 39 28 14 20 61 48 226 308 L
1200 197 200 543 568 727 775 800 69.8 618 461 156 120 s
287 111 29 59 80 20 18 42 70 0000 28 295 L
1800 575 259 457 373 520 520 589 596 549 647 239 115 s
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