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Abstract. Atmospheric deserts are air masses that are advected from the deep, hot, dry boundary layer of arid or desert

source regions. We-They frequently occur across Europe, where they can modify the temperature profile throughout the free

troposphere. To investigate their occurrence, characteristics, and development, we track air masses travelling from North Africa
across Europe continuously during the period between-from May 2022 and-to April 2024. Fhe-Using the Lagrangian analysis

tool LAGRANTO is-used-to-together with ERAS, we calculate 120 h-long trajectories at every heur-and-full hour with a spatial

resolution of 5 km in the horizontal and 10 hPa in the vertical. Cluster analysis is used to identify typical synoptic patterns that

occur during atmospheric desert events, as well as to cluster the trajectories and find typical air streams.
We find that Atmospheric deserts occur in parts of Europe in up to 60 % of the timein-parts-of Europe. They can oeeur

everywhere-in-Europe-and-ean-cover up to 5554 % of the area and 72% of the land area in the domain 30 °W to 60 °E and
37 °N to 73 °N. Fhree-typical-synoptie-seale-patterns-oceurrine-during-atmospherie-desertevents-are-identtfied-froma

> ¥On average, atmospheric

deserts persist for about one dayen-average;slightly longer—<close-to-, with slightly longer durations near the source region,

but-however the duration and extent vary considerably with the seasons. While the 90th percentile of the duration is between

one and two days for most of the domain and most of the seasons, it can be-more-than-exceed nine days in summer in the

Mediterranean.

Atmospheric desert air frequently resides between-above the local boundary layer height-and-the-tropesphere;-and-therefore
modifies-the-temperature-profile-througheut-and extends through much of the free troposphere. The-Intrusions of atmospheric

desert air rarely-enters-into the local boundary layer ;-and-ifit-doesithappens-atare rare and occur mainly over high orography
and in-during the warm season. In some regions, atmospheric deserts frequently ferm-a-tid-reside directly on top of the local

boundary layer, butitforming a so-called lid. The lid, however, only persists for less than two and a half days on average - too

short to cause a heat wave.

WO-0 he-three-a eafn

: : : Four typical, synoptic-scale patterns are identified. They feature either a
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trough extending into the source region, or a ridge extending from the source to the target region, which lead to an eastward
or north-eastward advection of air from the source region. Five typical air streams are present. One reaches the target region
after a strong ascent with even higher potential temperature and lower moisture than it had in the source region threugh-due

to condensation and evaporation. The-third;-and-lea equent-a eam-in-this group cools and dries. likely due to mixing

medivm-altitudes;and-two-of themeoolThree air streams experience a decrease in potential temperature, either due to radiative

or-evaporative-coolngor-mixine: d-air-stream-in-this-group-is-the previously-knewn-mixing, or evaporative or radiative
cooling. The last air stream behaves like an ‘elevated mixed layer’, whieh-as it almost conserves its thermodynamic properties.

1 Introduction

Atmospheric deserts (ADs) are air masses that are transported away from the hot and dry convective boundary layer (CBL)
of semi-arid, desert, subtropical, and/or elevated source regions (name and concept first introduced in Fix et al., 2024). Di-
abatic processes and differential advection in the vertical gradually change theirthe ADs’ original characteristics as they are
advected over hundreds to thousands of kilometres towards their target region. Similar to elevated mixed layers (EMLs), they
may-can have an influence on the weather in the target region, e.g. due to their effect on the vertical structure of the atmo-
sphere. Therefore, this study aims to investigate typical characteristics of ADs over Europe as well as their evolution during
the advection. ADs are a generalisation of EMLs, or their Europe-specific manifestation, the Spanish Plume. This generali-
sation of the concept is clearly needed, as (1) it is likely that even if the air does not remain well mixed it will still have an

influence on the weather in the target region and (2) many studies about the Spanish Plume show air streams that actually

originate in Nerthera-northern Africa instead of the Iberian Peninsula
.g. Table 4 in_Schultz et al., 2025b; Sibley, 2012; de Villiers, 2020; Schultz et al., 2025a). Schultz et al. (2025a) investigate the
convective environment of a storm over the UK in the beginning of July 2045-They-find-thatthe-steep-lapse rate-air-in-the-mid

and-upper-troposphere-originates-2015, and introduce a more canonical concept of the Spanish Plume including four different
air streams, including one originating in the subtropics;rather-than-over-thetherianPlateau.

In the special case of an EML, the thermodynamic properties are aln

+mostly conserved. Previous studies (e.g. Carlson and Ludlam, 1968; Carlson et al., 1983; Lanicci and Warner, 1991b; Cordeira et al., 201

indicate that the warm, dry air from the CBL of an arid source region glides up on the cooler, moister, local CBL, forms an EML,

and produces a capping inversion or so-called lid. This lid may-can facilitate heat wave formation and prevent thunderstorm out-

breaks

. Underrunning and secondary circulations at the air mass’ edge can cause violent thunderstorms to erupt along the edges

2)(e.g. Carlson and Ludlan
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EMLs are typically identi ed from vertical pro les in the target region. For ADs this is often not possible, since they are
usually modi ed during their journey from source to target. To analyse the more general case of an AD, a direct detection
method is necessary. We therefore developed such a direct detection method in a previous study (Fix et al., 2024), which
uses Lagrangian trajectories to trace the air mass directly from its source to its target. The case study presented in Fix et al

that the AD in mid-June 2022 was accompanied by very high temperatures in central and southern Europe, and that lightning
mainly occurred close to the AD's edge (and at the cold front). However, the presence of a capping inversion facilitating heat
build-up could not be con rmed.

The present study aims at generalising the results from that case study and investigating the properties of ADs over Europe
during a longer time period. ADs are tracked continuously between May 2022 and April 2024, resulting in a 2-year dataset of
ADs over Europe. With this dataset, we aim to answer how often ADs occur, what aresgtisggver, how long they last,

what their vertical structure is, how they are modi ed during the advection, and how this changes seasonally and regionally.

2 Data and methods

meteorological input dataa-thisstudy;-This studyusesthe ERAS reanalysis dataset (Hersbach et al., 202@gd, which is
explained in Section 2.1. The calculation of the trajectories is explained in Section 2.2, and the identi cation of the air mass in
Section 2.3. How synoptic charts and trajectories can be clustered is explained in Section 2.4. In Section 2.5 we de ne when

an AD is considered to form a lid.
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2.1 Reanalysis dataset, ERA5

The latest global reanalysis from the European Centre for Medium-Range Weather Forecasts (ECMWF), ERA5 (Hersbach
et al., 2020), is used as a spatio-temporally complete set of atmospheric data. It is based on the Integrated Forecasting Systel
(IFS) Cy41r2, has a horizontal resolution of 0.28nd data are available hourly on 137 vertical model levels up-Ral
(Hersbach et al., 2020; European Centre for Medium-Range Weather Forecasts, 2016). The vertical resolution is therefore
about 20m at the surface and 30M at 500 hPa. ERAS single-level, pressure-level and model-level data on the lowest 74

chosen, speci cally 30-W to 60 -E and 15 to 73 -N.
2.2 Trajectory calculation

The Lagrangian analysis tool (LAGRANTO) version 2.0 is used to calculate forward trajectories in this study. It has been
developed since the late nineties (Sprenger and Wernli, 2015) and is a mature and widely usegkteatpheriseciencein
variouseontexts(e.g. Stohl et al., 2001; van der Does et al., 2018; Keune et al., 2022; Oertel et al., 2023). The 3D wind eld
of the input dataset is used to calculate trajectories iteratively.

In this work, we are interested in ADs over Europe. Naturally, North Africa is the source region of ingenestit is

are initiated along a “curtain' marking the northern boundary of the source region (North Africa, Fig. 1d), as all trajectories that
start within the source region and reach Europe must pass through this curtain. Trajectories are started at a very high resolutior
of approximately 5km in the horizontal, and 1@Pa in the vertical between 1100 and 4@P@a. The approach differs slightly

from the one described in Fix et al. (2024) and requires much fewer trajeetéHestaffectingtheresultsastestediorthat

require a continuous initiation (hourly) of trajectories. There is no reliable measure for the top of the residual layer in ERA5,

so we use an interpolat&®lLH ;, whereBLH ; is interpolated between the daily maxima of the BLH.
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regions of the domain is less than 120 h and the comparison with experiments using 168 or 240 h long trajectories did not show
much difference in the air mass extent.

Trajectories are initiated every hour between 01 May 2022, 00 UTC and 30 April 2024, 23 UTC. This results in approxi-
mately 108 million trajectories, 61 million of which pass north of 8Fand therefore contribute to the analysis. Height above
mean sea level (h. a.m.s.l), potential temperatuxespeci ¢ humidity @), and equivalent potential temperature J are traced
along the trajectories. For time steps wheie negative in ERARdue to numerical inaccuraciese is setto , however, this
only affects less than 1 % of all trajectories.

2.3 Detection of the atmospheric desert air mass

In order to identify the AD air mass, the trajectories are aggregated to grid boxes 0£0.825-%.. 500 m, matching ERAS

de ned as a grid box that contains at least one trajectory. This results in a dataset that designates each point in space and time &
AD- or nonAD-cell. Additionally, the average properties of all trajectories within that cell are known. Using only one trajectory
as threshold to identify a cell as AD-cell may seem like a weak de nition, but as argued in Fix et al. (2024) it is a useful one
and was shown not to substantially misidentify the AD-cells. A column is an AD-column if there is at least one AD-cell in this
vertical column. They therefore have a horizontal extent of 025 0.25, as the ERAS5 grid cells.

The AD streak length is de ned for each ERA5-cell as the duration of continuous presence of an AD-caBainAD-air

anywhere in the column). Since the AD data can be noisy, especially around its edges, short gaps of 1 h were lled, so that the
average persistence is not underestimated if long periods are interrupted brie y.

Maxima of AD-events are de ned as the time with maximal horizontal extent. They are identi ed as the local maxima in
the smoothed time series of the percentage of AD-columns north dil3The time series is smoothed using a 4th-order
Butterworth low-pass lIter with a cut-off frequency df2d. This removes noise associated with variations occurring at fre-

seriesThesituation24 hafterthe minimumand24 hbeforethe maximumaretakenasrep
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emphasisglominantpatterns We retainthe. rst 7 principal component¢PCs),which togetherexplain62% of thevarianee.

performedon the 7 PCsusingk-means clustering (MacQueen,

clustering. Trajectories are clustered by the following 5 variables: their differences in longitude, latitude, height above mean
sea level, potential temperature, and speci ¢ humidity between their initialisation and their end at 120 h (note that trajectories
number of variables. This choice was made, so that the variables used do not over-emphasise phase change driven process
in the clustering. The variables are standardised to ensure equal weight and a number of 4 clusters is chosen for the clusterin
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Here, _referstothedifferencebetweertheendandstartof thecluster-averagetlajectory. . ge denotegherelativechange

in g.sincethattime. An_absoluterelative changein g of lessthan 10% ove

air streamthatretainsits moisture

thatdominatethe modi cation of the air duringits advection;The blue air streamimplies latentheatingdueto condensation

moisterair massesThe yellow air streamindicatesmixing. with_cooler,but dryer air massesthe greenoneis dominatecdb

the magnitudes of individual changes.
25 Lid

ADs may-canform a lid on top of the local BL, which can have consequences for the local weather. We consider the AD to
have formed a lid if the centre of the lowest AD-cell lies withiB00 m of the BLH. This may seem like a very loose criterion,
but inspection of the vertical temperature pro les and the BLH in ERA5 have shown that the ERA5 BLH variable sometimes
differs from where the potential temperature pro le would suggestiy several hundred metrésiskrownthatERASBEH
ishetwithoutpreblems(e.g—Madenna-etal 2021 Wei-etal;202Npte that the lid de ned like this does not necessarily
indicate the presence of a capping inversion, only the possibility of one caused by an AD sitting directly on top of the local
BLH.

The lid-criterion is less meaningful during nighttime, however, as the BLH can be very low, and the residual layer cannot
be properly taken into account. We therefore focus the lid analysis on the daytime hours only (6 hours, 10 through 15 UTC).

ERAS :!3LH::::can:be_;ggsonab!y:a:\gumedo
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least 3 (half) of the daytime hours.

3 Results

In this section the properties of ADs are described. Their occurrence frequency and spatial extent are investigated (Sect. 3.1), a

well as the synoptic patterns leading to AD-events (Sect. B)eciallywith-respeete-pessiblempactsithe Thepersistence

of AD-events (Sect. 3.3), their vertical structure, their ability to form a capping inversion, and the duration of the latter are

during the advection and the related physical processes are analysed (Sect. 3.5).
3.1 Occurrence frequency and spatial extent of ADs over Europe

The rst question to answer is how often ADs occur. The presence of an AD in a respective column is a binary time series,

ERADS grid cells at high latitudes are smaller than those at lower latitddesefore theprobabilityseernig—laisweighted

\/-arid-ce o V.¥lal haivesmoreweicghttothece narnorthandg

AD probability extends from the Iberian peninsula north-eastward, as far as northern Scandinavia. The area-weighted AD

probability reaches more than 830 _10 *km 2h ! inthe southern Mediterranean, 0.4 —16_10 *km 2h !incentral
Europe, and still up to 0:6_10 *km 2h ! in parts of Scandinavia. Over the British Isles, the weighted probability is
less than 0:2£6.. 10 3km 2h 1. The weighted numbers might not be intuitively interpretable, but highlight the occurrence

AD-hour exceed 60% in the Mediterranean, and are up to 20% as far north as southern Scandinavia (not shown). Hence, ADs
are frequent and can occur almost everywhere in Europe.

10 % of the area are most common. Hence, while ADs are very frequent in JJA in the western Mediterranean, they tend to be
spatially con ned to the southern latitudes of the domain. The highest probabilities and largest events are recorded in boreal
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Figure 1. (a) Probability of an AD being present in the respective cell, weighted by the cell's area, for the entire 2-year period ifllyear)

the domain covered by an AD, per season. The violins are normed to have the same area. (d)-(g) Same as (a), but for MAM, JJA, DJF, and

SON, respectively.

the most frequent size in this season, whereas very small events are less likely. In boreal autumn (SON), the median size is
slightly lower, but due to one peak in smaller (between 10 and 15 %) and one in larger (around 30 %) events (Fig. 1c). Also in
SON very small events are less likely. Probabilities are elevated across the entire Mediterranean in SON and low but noticeable

land-cellsare takeninto account.Sincethe gceanaccountso

evenin DJF,wherethe extentsaresmallestthey exceedb0%0f land-cellsin the maximum.
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Figure 2. Time series of AD-presence. Time is shown on the x-axis, the y-axis shows latitude, shading shows the number of columns at that
latitude, which have an AD present. There are 361 columns at each latitude in the domain.

A more detailed insight in the AD extent can be achieved when looking at the temporal evolution of the extent of the ADs (see
Fig. 2), which shows a time series of the AD extent. Long, vertical stripes depict ADs that reach far north, while darker colours
depict ADs that cover a wide longitudinal band. While this gure does not allow a detailed analysis of the AD extent, it does

analysed-yearperiod,doesAD-air coverlessthan1% of the columnsin the domain.Many times during these 2 years, ADs

becomes apparent, when additionally looking at the number of trajectories in the domain (not shown here) and not only the
number of identi ed AD-columns. A large spatial extent can occur both with a high and low trajectory density. The same is
valid for ADs with a smaller spatial extent.

3.2 Synoptic conditions

patternfeaturingeither a southward-extendingoughinto_the sourceregionor the northwesternank .of a ridge extending

10
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of the ow into a southermandnorthernbranchfor clustersl, 3 and4. During the onset(Fig. 3, row 1, panelsa-d), clusters

clusteris highest AD-air is transportedar northaheadf thetroughin this cluster.t is Cluster4, howeverwhergAD-air most

frequentlyreachegurthestnorth. Evenafteraveragingthe split betweerawide ridgein the northerncentreof the domainand
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seasorior:::AD

characteristic, especially with regard to their
consequencess-theirpersistence. ADs over the Mediterranean prevail for about 1 to 2 days on average, while in most of the
rest of the domain the average streak length is less than a day. Maximum streak durations of more than 4 weeks were reache
in the Mediterranean, while in central Europe the maximum streak length is around a week. However, the maximum streak
length may only represent a single event for large parts of the domain, so the 90th pereeptileis a more robust measure

for most of the domain, and more, but still less than a week, in the Mediterranean.

A more detailed view is given in Fig. 4, where the mean (top) and 90th percentile (bottom) streak lengths are shown per
season. The mean streak lengths in each season are in a similar range and the pattern resembles the occurrence probabil
in the respective seasons (Fig. 4, top row, compare Fig. 1d-g). The longest average durations are recorded in the westert
Mediterranean in SON. The 90th percentile of streak length varies strongly across the seasons (Fig. 4, bottom row). In most
seasons, the 90th percentile of the streak length is well below a Waels, closer to a week in the Mediterranean in SON.
During JJA, however, 90th percentile streak lengths of more than nine days are reached in the Mediterranean, maxima are evel
up to four weeks. This indicateghat ADs are not only frequent in the Mediterranean in JJA, but can also be very persistent.
Contrary, MAM showed high probabilities and large extents, but the egeststo-beareless persistent.

3.4 \Vertical structure of ADs over Europe

Netonly-the horizontalbutalsealsethe The vertical extent anthevertieatstructure of ADs arelso of interest, especially

with regard to the in uence of ADs on local weather. On average, the ADs are about 2-8 cells, i.e. 1-4 km thick (Fig. 5c¢). Also,
the ADsseemte-be-arecoherent in the vertical, in the sense, that mostly the entire column between the lowest and highest
cellsareis lled with AD-cells, interruptions in the vertical are few and small (not shown). On average, the lowest AD-cell

is between approximately 2 and 6 km, and the highest between approximately 4 and 8 km (Fig. 5a,b). Batfsirtibgon

north-eastward, where they ride up on colder, moister, local air masses. The largest average distance between the highest ar
lowest AD-cells is found over central Europe (Fig. 5¢). The overall pattern of the lowest and highest AD-cells looks similar in
all seasons (more detail in the Appendix, Fig. Al).

EMLs have been argued to cause heat build-up in the BL below, and prevent thunderstorms in their centres due to a strong
capping inversion or lid that separates the BL below from the warmer, dryer EML air above (e.g. Carlson and Ludlam, 1968;
Lanicci and Warner, 1991a, b; Cordeira et al., 2017). We therefore investigate how often ADs form a lid, how long it persists,

12



four clusters(columns):ClustermeanZseo. in. gpdam(blue contours),meanZgso .in gpdam(orangecontours)

and AD-frequency(grey.shading)for the situationat 24 h.after the onset(a-d), 24 h beforethe AD. maximum/(e-h). The sameis_shown

2.4, The hottomrow (u-x) showsthe

is.givenin.thecolumntitle. 13
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Figure 4. Mean (top) and 90th percentile (bottom) AD streak length in days, per season (columns).

Figure 5. Average altitudes of lowest (a) and highest (b) AD-cells, and their distance (c). This distance describes the maximal thickness of
the AD, but it does not depict the actual number of layers present.

the pattern is not the same as the pattern of the AD probabilities, and the probability of an AD forming a lid therefore differs
between regions (Figs. 6 and 1a).

The impact of an AD on the local weatheray-can strongly depend on the persistence of such a lid. We therefore analyse
the average and 90th percentile of the streak length of the lids (Fig. 6b,c). It becomes very clear that in most of the domain the
average streak length is between 1 and 2 days. Only in the Mediterranean over the sea the average streak length is between
and 3 days, with few cells exceeding 3 days. Another area with long average lid persistence, but similar 90th percentile streak
length, is found between Iceland and northern Norway. This is an area with low AD frequency, heaeedewith-durations

14
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Figure 6. Lid properties. (a) Probability of a lid being present, given an AD is present, P(lid | AD). (b) Mean streak length of the lid in days.
(c) 90th percentile of streak length of the lid in days.

in most of the domain. Only in the Mediterranean, the 90th percentile exceeds a week. The maximum duration of a lid there is
even up to 2 weeks, in some cells even longer (not shown here). It becomes very obvious that the probability as well as mean
and 90th percentile of the duration of a lid is elevated over the sea (Mediterranean, Black Sea, and the Atlantic off the Iberian
Coast). This likely has to do with the different properties of a marine BL compared to a continental one, as it is often cooler

SON and DJF, with probabilities up to more than 55 % in the Mediterranean and west of Iberia (more detail in the Appendix,
Fig. A2).

identi ed as within the BL, when its centre is bel®LH 500 m(to match the de nition of the lid, also daytime hours only).

seen in the Pyrenees, Alps, Apennines, and Dinaric Alps - hence, in mountainous regions. This is due to the fact that in these
regions, simply due to orography, the BLH is already higher above sea level than in other regions. With enough solar heating its

into the BL. This is supported by the seasonal analysis (Fig. A3, in the apperdirjherreasorfor this behaviourgouldbe

15
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Figure 7. Probability of the the lowest AD-cell being within the BL, P(AD below BLH | AD).

models(Rotach et al., 2017ERA5 BLH hasheenfoundto be well correlatedwith radiosondgoroductsby Guo et al. (2021)

Heneezair-Air of desert origin can populate the free troposphere between the local BLH and the tropopause in the target re-
gion frequently (Figs5-anet-1 and5). It rarely penetrates the local BLH (Fig. 7). Therefore, the temperature pro le in the free
troposphere in the target region is often modi ed by the presence of an AD. Sometimes the AD also forms a lid on top of the lo-

cal BL, however, the persistence of these lids is typically short, so that they are not likely to cause considerable heat build-up and

3.5 Average changes during advection

The changes an AD experiences during its advection from source to target are also of interest in order to understand ADs.
Hence, in every AD-cell, the difference in potential temperaturspeci ¢ humidity,g, and equivalent potential temperature,

e, between the current value and the trajectories’ starting point, as well &sijthetorieqir parcels' age are averaged over all

different times to get there, but their combined properties decide the properties of the AD at this location, which is why the
cell averaged value is a reasonable choice. The distribution of these average changes is depicted in Fig. 8 for all cells north of
37 N and all time steps.

16
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The average changes per AD-cell are interpreted in synergy with the average development of the “typical' trajectory clusters

the advection.
It becomes apparent that most AD-cells are found between 2.5 and%nethe#&veuredatﬂtudet&between?—and

g:seeFrg.KSa). Trajectorles of all ages can be found at aII altitudes (Fig. 8b). It is Ioglcal that there are more older trajectories
(higher values in the right of Fig. 8b), since they had more time to arrive in the target region and remain there unless they leave
the domain again during their 120 h. Figs. 8c and d show a strong relation between the change in the potential tempesature,
well as the speci c humidityq, and the altitude. Trajectories that reach higher altitudes Wavmeeleﬂaverageexperienced

warm conveyor belt does not have its origin in warm and moist regions over subtropical oceans, but in the warm and desert

source region.

reason for the changes. This can be re—evaporatlon of the preC|p|tat|on falllng through. As this cluster is often (not exclusively)
observed over the Mediterranean Sea, it could also be evaporation from the sea or mixing with the cooler, moister BL there.

17
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Figure 8. 2D-histograms of cell-averaged changes in trajectories. For each AD-cell ¥0.2% x500 m) all trajectories within are averaged.
The histograms depict the distribution of cells in total (a), the average age (b), average differences to the starting location of potential
temperature ( , ¢), speci ¢ humidity ( g,d), and equivalent potential temperature € ,e), respectively, across all cells north of 3Vand

all time steps.

.achangein

thewarmseasenbutandJJA (morethan60%of occurrencegrein JJA),but is generally observed infrequently

aroungzero(darkcoloursin Fig.

8c¢,d).Thismaybeaneffectof averagingrajectoriegwith differentchangesbutit alsoagreegvith the presencef thecyanair
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Looking at the temporal average of the spatial distribution of the changes at several altitudes leads to a similar conclusion

at 4.5 km, due to higher wind speeds at higher altitudes.
In summary it can be said that there dwes-main-g

4 Conclusions and discussion

tr-thisstudy;we-\We investigated the properties of atmospheric deserts (ADs) over Europe during thefpmridday 2022
throughta April 2024. ADs are air masseghat originate in the CBL of arid, desert source regions and are advected towards

a typically moister, cooler target region. We employ a direct detection method tracing the air masses directly from their source
region in northern Africa to their target region in Europe. This is done using LAGRANTO, based on ERA5 input data, to

they also tend to last longer. AD behaviour varies across seasons. Boreal spring is the season with the ADs with the largest
extent and highest probabilities in parts of northern and eastern Europe. In summer, the ADs tend to have smaller extents, ofter
con ned to the Mediterranean, but the persistence is largest. During autumn, larger events extending further east are more
likely again. Boreal winter is the season with the lowest probabilities of AD in the entire domain, durations are shortest, and

small extents are favoured.

20
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A cluster analysis of the geopotential height pattern at 500 hPa 24 h prior to 66 AD maxima yieldetbur different

synoptic situations that foster large AD-evenlsveryzonatstructuretranspertingdesertaireastwardsan-ampli-edridge

temperature pro le in the target region. ADs often reside above the local BL and up to the troposphere, so that they modify
the pro le of the entire free troposphere in the target region. A particularly strong in uence can be expected when the AD
forms a lid directly on top of the local BL, and therefore possibly cause a capping inversion. We analysed how often this is
the case during daytime. North of 99 this is-almestrethappeningrarely happeng< 20 %) further south the probability of
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Code availability. Much of the data processing is done with the climate data operatdos Schulzweida, 2023) anpython . Code is

available at zenodo: Fix-Hewitt (2025)

Data availability. ERAS5 data is freely available at the Copernicus Climate Change Service (C3S) Climate Data Store (Hersbach et al.,
2023). The results contain modi ed Copernicus Climate Change Service information 2020. Neither the European Commission nor ECMWF
is responsible for any use that may be made of the Copernicus information or data it contains. The LAGRANTO is available from: Sprenger
and Wernli (2015).
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Appendix A: Seasonal Analysis

The distribution of the lowest and highest AD-cells is similar across the seasons (Fig. Al left and centre columns). Both the

565 lowest and highest AD-cells are highest in JJA (upper bounds up to more than 10km, Fig. Ale) and lowest in DJF (lower
bounds as low as around 1km on average, Fig. Alj). Also the distance between the lowest and highest AD-cells is largest
in JJA (more than 5km) and lowest in DJF (Fig. Al right column). While in MAM ADs of several kilometres thickness on
average cover almost the entire continental portion of the domain, the other seasons show more localised occurrence of the
thickest ADs. In JJA there is a clear maximum thickness over the Baltic states an the Mediterranean Sea.

570 The seasonal analysis of the conditional probability of a lid shows that the highest probabilities of a lid are recorded in SON
and DJF, with probabilities up to more than 55 % in the Mediterranean and west of Iberia (Fig. A2d,j). The Mediterranean is the
region with the highest probabilities in all seasons (Fig. A2 rst column). The highest mean lid streak length is observed over
the Mediterranean in JJA with more than 3.5 days on average, followed by SON (Fig. A2e,h). The absolute longest persisting
streaks (90th percentile above a week) happen in SON and JJA (Fig. A2f,i).

575 The highest probabilities for an AD to enter the local BLH are found over mountainous areas, in particular during he warmer
seasons, when the local BL is additionally heated. Especially high values are found in JJA and SON over the high regions on
the Iberian Peninsula, the Alps, the Apennines, and the Dinaric Alps. In these seasons also the larger Mediterranean island:
experience higher probabilities. The south-eastern Mediterranean region has elevated values in MAM already, possibly indi-
cating warm, deep BLH earlier in the year in this region. In autumn, the eastern Mediterranean sea has elevated probabilities,

580 likely because in this season the sea is still warm compared to the surrounding land masses.
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