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We present an overview of the important synoptic features

that occurred during the EUREC4A field campaign. These

results are based on workshops bringing together forecast-

ers and researchers to look in detail at cloud patterns in the

region of interest (Barbados and the upstream trade winds)

and how theywere influenced by synoptic features. Consis-

tent with previous studies, we found that the influence of,

or lack of, midlatitude and subtropical features was impor-

tant for cloud patterns. The strength and position of sub-

tropical high pressure systems strongly varied through the

field campaign and could be linked to differences in cloud

patterns as well as the transport of dry and dusty air from

West Africa. Development of deeper clouds and more or-

ganised patterns typically coincided with an upper level po-

tential vorticity streamer associatedwith anticyclonic Rossby-

wave breaking. The local Hadley circulation shows a strong

climatological subsidence in the region of interest, but had

a positive anomaly for ascent during the field campaign, in-

dicating favourable conditions for cloud development, al-

beit with substantial day-to-day variability. There was of-

tenmuchmore detail in cloud patterns in any given satellite

image than can be conveyed in a summary. Two features

of note were flowers cloud pattern along the boundary of

dry and dusty air without dominating the region, and fish

cloud patterns could be embedded within other types of

cloud pattern with no associated front or shear line.

K E YWORD S

trade wind, cumulus, shallow convection, EUREC4A, Barbados,

cloud patterns, fish, gravel, sugar, flowers
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1 | INTRODUCTION

The EUREC4A (Elucidating the Role of Cloud–Circulation Coupling in Climate) field campaign in January-February

2020 focused on observing shallow cumulus clouds in the trade-wind region upstream of the Caribbean; in particular

Barbados, and the surrounding environment to better understand how cloud organisation is related to the large-scale

environment (Stevens et al., 2021). During the EUREC4A field campaign, a novel set of in-situ observations were

collected from instrumented unmanned aerial vehicles (UAV), aircraft flights, radiosonde and dropsonde launches,

research vessels, and ground sites.

The response of trade-wind cumulus clouds to climate change has been shown to be highly uncertain in climate

models; some models predict little change in trade-wind cumulus cloud cover, whereas others predict a strong reduc-

tion leading to reduced reflection of solar radiation and accelerated warming (Bony and Dufresne, 2005; Vial et al.,

2013; Zelinka et al., 2020). A major motivation behind EUREC4A was the large uncertainty in trade-wind cumulus

cloud feedbacks in climate models and its contribution to climate sensitivity (Bony et al., 2017). One of the aims of

EUREC4A was to provide a reference data set that can be used as a benchmark for advancing the modelling and the

satellite remote sensing of clouds and circulation; in addition to getting a better understanding of cloud-circulation

coupling processes (Bony et al., 2017).

The variability in trade-wind cumulus cloud cover is strongly linked to the mesoscale organisation of clouds. Prior

to the EUREC4A field campaign, a group of experts manually identified cloud patterns in satellite images and cate-

gorised four distinct patterns seen in trade-wind cumulus - sugar, gravel, fish, and flowers (Stevens et al., 2020) - and

showed that these cloud patterns are related to the large-scale environment (Bony et al., 2020). More objective and

automated methods have been used to identify a large distribution of different cloud patterns (Denby, 2020) and the

four named patterns have been shown to be the extremes of a continuous distribution (Janssens et al., 2021). Despite

these limitations, the four categories of cloud patterns are useful for describing different time periods and giving an

overview of the cloud organisation (e.g. the C3ONTEXT dataset of cloud patterns during EUREC4A (Schulz, 2022a)).

A key result from EUREC4A is that the observations ruled out the mechanisms of cloud feedback leading to

stronger climate sensitivity in models (Vogel et al., 2022). Vogel et al. (2022) showed that the mesoscale motion was

the key controlling factor for cloud-base mass flux, rather than the thermodynamics. George et al. (2023) showed

that shallow mesoscale overturning circulations are a common feature in the trade wind region as seen in the con-

vergence and divergence calculated from dropsonde circles during EUREC4A. These observations are consistent with

the proposed mechanism for forming mesoscale organisation derived from large-eddy simulations: simulations have

been shown to form organisation of trade-wind cumulus clouds through mesoscale circulations associated with shal-

low convection, which acts to converge moisture in already moist regions (Bretherton and Blossey, 2017; Janssens

et al., 2022). This mechanism has been reproduced in a simulation of the formation of the flowers pattern from

EUREC4A (Narenpitak et al., 2021) and kilometre-scale convection-permitting simulations have been shown to have

some skill in reproducing this mechanism (Saffin et al., 2023) and producing realistic variations in cloud organisation

during EUREC4A (Beucher et al., 2022).

These results suggest that, given typical conditions in the trades during the dry season, the clouds should always

tend towards more organised cloud patterns such as gravel or flowers. For example, the fish cloud pattern at the start

of the EUREC4A field campaign was associated with a trailing cold front and an extratropical dry intrusion, which is

a relatively rare event, but has a strong impact on clouds and precipitation (Villiger et al., 2022). Bony et al. (2020)

showed that two environmental factors, namely inversion strength and low-level wind speed, are good indicators of

which of the four cloud patterns would be present. Aemisegger et al. (2021) showed that the path that airmasses take

to reach the region of interest had an important influence on the clouds. They described three regimes - extratropical
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dry intrusion, extratropical trade wind, and tropical - and showed that the location of Rossby wave breaking was

important for the transport of air masses in the two extratropical regimes.

In this study we look at the synoptic features that occurred during EUREC4A and how they link to cloud pat-

terns. A knowledge-exchange workshop before the EUREC4A field campaign brought together 16 forecasters from

12 countries, international researchers, and Caribbean lecturers to review the science and weather to be studied

and forecasted in EUREC4A. During the field campaign, forecasters conducted a virtual forecast “testbed” with daily

weather discussions and forecast briefings to EUREC4A scientists. The high-resolution model forecasts delivered for

EUREC4A by the UK Met Office and Météo-France were an opportunity for Caribbean forecasters to experience

and evaluate the new generation of numerical weather prediction (NWP) in an operational setting. Reciprocally, the

insight of Caribbean forecasters and lecturers brought new insight to the EUREC4A research teams, in interpreting

the processes controlling the cloud fields every day. For example, some patterns identified as “fish” by the academic

researchers were immediately identified to be pre-frontal cloud lines by the forecasters.

The presence of operational regional forecasters played an integral role in the overall outcome of the EUREC4A

program. These forecasters were able to provide a comprehensive daily forecast of the synoptic driving factors which

in turn determined the expected weather. Given the expected weather, the EUREC4A team was able to determine

the type of cloud patterns to expect during their field operation. During the field operation, the forecasters were also

able to provide some level of accuracy with respect to the time in which many of these cloud patterns are expected

and the location where they are most likely to occur. A second workshop after the campaign consolidated knowledge

gained from the forecast test-bed analysis, which formed the basis for this paper.

This paper aims to describe the synoptic features and large-scale circulation of the field campaign in a way which

merges diagnostic analysis frommodel fields with insight into synoptic dynamics and structures. The paper will outline

in detail the synoptic conditions during the EUREC4A field campaign and how they relate to cloud patterns. It is

structured as follows: in section 2 we describe the known synoptic and large-scale drivers of dry-season weather and

climate in the Caribbean region, in section 3 we describe the datasets used in this paper, in section 4.1 we subjectively

split the EUREC4A field campaign into four periods, and describe the important synoptic features for each period, in

section 4.3 we summarise the synoptic features identified in the previous section and compare and contrast across

the different time periods, and in section 5 we provide the conclusions.

2 | LARGE-SCALE AND SYNOPTIC DRIVERS OF DRY-SEASON WEATHER AND

CLIMATOLOGY

The weather of the Caribbean region is controlled by synoptic structures, some of which are globally familiar, and

some specific to this climatic region. In this section we describe the relevant features that are included on a typical

synoptic chart used by forecasters in the Caribbean. The analysis in this paper was aided by synoptic charts produced

by Météo-France Antilles-Guyane. These synoptic charts are produced following Santurette and Joly (2002) with

modifications from Lafore et al. (2017) for tropical charts. Figure. 1 shows an example synoptic chart.

The subtropical jet is a nearly continuous fast flowing airstream in the upper troposphere and can be seen on the

synoptic chart stretching from the Caribbean to West Africa. The incursion of the sub-tropical jet is strongest during

the dry season. The variability of the sub-tropical jet and associated troughs can occasionally provide enhancement

for cloud development and instigate moderate to heavy showers depending on its location in relation to instability at

the surface (Pfahler et al., 2025). Although the upper tropospheric troughs shown in the example chart are far from

the Caribbean, they do often influence the region.
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F IGURE 1 Synoptic chart produced by Météo-France Antilles-Guyane for 20th January 2020 with key copied

from table 11.1 in (Lafore et al., 2017). The green arrows are shown as African easterly jet axis in the key, but are

also used for jet regions in the extratropics. There is no African easterly jet or associated ridges or troughs in the

shown chart but they are kept in the caption.
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The dry season is characterised by the dominance of the sub-tropical high across the Atlantic associated with

descending air in the lower troposphere. In the example synoptic chart, the high pressure is located in the central North

Atlantic. Typically in winter, the centre of this sub-tropical high is generally in the region of the Azores, whereby it is

called the Azores High. Despite the centre of the high pressure being more eastward in the winter, a tighter pressure

gradient in the Tropical Atlantic results in the increase in trade wind speeds across the region. The Azores High often

contributes to strong northeasterly winds generally between 10 to 15◦N – across Barbados and the Southeastern

Caribbean islands. In addition, its influence can cause shallow cloud patches depending on proximity and strength.

The movement of the trade winds over the Tropical Atlantic causes ocean upwelling in the Eastern Atlantic (near the

high centre), cooling the upper ocean and creating a gradient in sea-surface temperatures, which in turn maintains

the pressure gradient at the surface (higher to the east, lower to the west). Subsidence warming in the region of high

pressure and the cooler water due to upwelling then creates a temperature inversion over the eastern Tropical Atlantic

called the TradeWind Inversion (TWI). This inversion caps the cumulus layer and weakens westward and equatorward

(away from the high-pressure centre), thus clouds tend to be shallower in the Eastern Atlantic and deeper away from

the centre.

Extratropical low pressure systems and their associated fronts can also influence the weather in the Caribbean,

although less frequently and more transient than the influence of the high pressure. The example synoptic chart

shows a low pressure system in the Atlantic with a long trailing cold front extending over the Caribbean.

The inter-tropical convergence zone (ITCZ) is identified in the South-East corner of the synoptic chart with as-

sociated convection. The ITCZ is a feature that is caused by northeast and southeast trade winds converging, and is

characterized by a band, or bands, of well-developed clouds along or near the equator. The ITCZ is a semi-permanent

feature that oscillates according to the seasons. By January (winter), the ITCZ migrates southward as a result of the

northern hemisphere’s winter while cold air advances south eastward across the Caribbean region resulting in reduced

temperatures and occasional shearlines. By July this motion reverses as the ITCZmigrates slightly northward as a tran-

sition to the southern hemisphere winter begins. The midlevels are moist within the ITCZ but dry to the north and

south. Dry air intrusions can occur here and tend to be associated with significant weather at their leading edge.

The trade winds can lead to the transport of dust and aerosol from the Sahara andWest Africa across the Atlantic

to the Caribbean. A dust airmass is seen on the synoptic chart off the west coast of Africa in Figure. 1.

3 | DATA

In the following sections we use a mix of observational and reanalysis data to show the local conditions and synoptic

features during the EUREC4A field campaign. While more data was used during theworkshop andmuchmore detailed

observations are available for the field campaign (Stevens et al., 2021), we have limited the data shown here to a small

subset of data with continuous coverage of the field campaign.

To show the synoptic features, we have used potential vorticity (PV), specific humidity, winds, and mean-sea-

level pressure (MSLP) from ERA5 (Hersbach et al., 2020). We have also used the ERA5 data to calculate mass flux

associated with the Hadley circulation (see section 4.2). As ERA5 does not include aerosol, we have used the aerosol

optical depth fromMERRA-2 (Gelaro et al., 2017). We have reproducedGEOColor composite visible images (following

Miller et al. (2020)) over the region of interest using data from the GOES-16 satellite (Knapp, 2017). We also used

the compilation of observed cloud patterns over Barbados from visible satellite imagery from the C3ONTEXT dataset

(Schulz et al., 2021).

To show the local conditions in Barbados we use observations from the Barbados cloud observatory located at
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Ragged Point in Barbados (Stevens et al., 2016). We have included rain, and wind speed and direction. We have

also included cloud fraction derived from observations from the Ka-Band cloud radar following the example from

(Community, 2026). We have also included measurements of aerosol properties that were made at Ragged Point

using a GRIMM Optical Particle Counter (OPC) over the size range 0.3 < dp < 32 µm. To examine variability in the

vertical structure of the atmosphere through the study period, we have utilised the radiosonde soundings released

from Grantley Adams airport in Barbados, with the data accessed via the University of Wyoming upper air database

(Wyoming, 2015).

The code to reproduce the figures in this paper has been archived in a zenodo repository alongside the synoptic

charts for the field campaign period (Saffin, 2026).

4 | RESULTS

This section combines a quantitative analysis of synoptic patterns with synoptic analysis, to document the evolution

of weather types during the campaign, and their influence on the prevailing cloud environments.

4.1 | Analysis of four periods during EUREC4A

Figure 2 shows the cloud patterns and aerosol particle concentration (see section 3) observed at Barbados during the

EUREC4A field campaign. The cloud pattern timeseries highlights that through the 20th to 24th January period there

is a predominance of the fish cloud pattern. There is then a period (25th-28th January) where the pressure gradient

slackens and winds are light, with no predominant low level cloud type through this time. Following this period we

see days which develop the flowers cloud pattern interspersed with days with varying amounta of the gravel and

sugar cloud patterns and least frequently the fish cloud pattern. Later on (from 8th Feb), we see a mixture of all cloud

patterns identified, with much less unclassified cloud patterns. This is associated with increased rain amounts and

deeper clouds.

There are two periods of increased aerosol during EUREC4A (Fig. 4.1c). While it is difficult to detect the origin of

aerosols from the data used in this study, to saywhether it is dust or other aerosol, Gutleben et al. (2022) have analysed

the dust transport during EUREC4A and have shown that mineral dust aerosols were transported at lower altitudes

below 3.5 km. They calculated backward trajectories which confirmed that mineral dust was transported across the

North Atlantic. Gutleben et al. (2022) found from Lidar observations that the detected aerosol near Barbados was a

mixture of dust particles and other aerosol species, i.e. biomass-burning aerosol from fires in West Africa and marine

aerosol. This study also showed that the dust-laden air had enhanced water vapour concentrations. Cuevas-Agulló

et al. (2024) have shown that in February and March 2020 - 2022 several intense dust intrusions occurred over

Northern Africa.

Based on the timeseries and experience from the field campaign we have divided the EUREC4A field campaign

into four periods of interest.

20th January - 24th January Fish clouds

25th January - 28th January - Quiet period for cloud development

29th January - 7th February - Cloud development and first dust event

8th February - 14th February - Deeper cloud development and second dust event
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F IGURE 2 Timeseries of observations from Barbados during EUREC4A. (a) Daily average cloud pattern at the

Barbados cloud observatory reproduced from figure 5a in (Schulz, 2022a). (b) 6-hourly averaged cloud fraction from

the cloud radar at BCO. (c) Particle concentration in number per cubic centimetre of aerosol particles in the size

range 0.25-32 µm measured by the GRIMM OPC. (d) 6-hourly accumulated rain, and 6-hourly averaged wind speed

and direction observed at BCO. The wind direction is degrees from North (i.e. 90◦ is an easterly wind). The

background colours show the four subjectively identified time periods.
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While the EUREC4A observational campaign did continue beyond 14th February, we conclude our study period

here. The increase in mid-level moisture and clouds, associated with flow from South America/Brazil (Villiger et al.,

2022), obscured the shallow cumulus clouds making it impossible to determine low-level cloud patterns in visible

satellite imagery. This can be seen in the increase in cloud fraction and the higher proportion of unclassified cloud

patterns at the end of Fig. 2.

In the following section we show various meteorological variables to give an overview of the synoptic situation

and cloud patterns associated with each period. Figures 3-6 show snapshots of various fields from reanalysis data

and observations. The panels of each figure show

• a) Low-level (950 hPa) wind and PV. The low-level winds are useful for showing the strength and direction of the

trade winds. PV is useful for showing fronts and shear lines (particularly important for the fish clouds in the first

period of interest).

• b) Upper-level (250 hPa) wind and potential vorticity. The upper level winds help to show the influence of the

subtropical jet. PV shows amore coherent picture of the subtropical jet and the associated sharp contrast between

tropospheric low-PV air and stratospheric high-PV air. The PV then clearly shows the Rossby wave activity and

particularly the influence of ridges and troughs as well as PV streamers, associated with Rossby wave breaking in

the midlatitudes, extending towards the region of interest.

• c) Low-to-mid-level (850 hPa) wind and specific humidity. The winds give an idea of the wind shear when com-

pared with panel a, and the moisture gives an idea of the potential for convection.

• d) Mean-sea-level pressure and aerosol optical depth. The mean-sea-level pressure is useful for understanding

the low level winds strength and direction and shows how they are largely influenced by midlatitude high and low

pressure systems. The aerosol optical depth is shown to trace back the origins of the dust events in Barbados and

their transport from West Africa.

• e) Colour composite satellite images using visible channels from the GOES satellite. The purpose of these figures

is to give an overview of the clouds and cloud patterns. For an overview of satellite imagery and cloud patterns

for the full EUREC4A period see appendix A of Schulz (2022a).

• f) Radiosonde soundings from Grantley Adams airport in Barbados. The soundings are included to determine the

convective instability, low-level moisture, the depth of (potential) cloud layers, inversion strength, and wind shear.

We only show one figure for each variable for each period. We have placed the figures for each day, and the code to

produce them in a zenodo repository (Saffin, 2026).

4.1.1 | 20th to 24th January - shear line and fish clouds

During the first part of the EUREC4A field campaign the conditions across the study region were influenced by a

mid-latitude depression over the central Atlantic. Figure 3 shows a SW-NE oriented shear line extending from 20◦N,

35◦W towards the Caribbean: it can also be observed in both the 950 hPa PV field and enhanced moisture in the

850 hPa specific humidity field. The shear line moves southwards across the Lesser Antilles through this period. The

pattern with the depression centred in the mid-Atlantic creates a relatively sharp pressure gradient and drives near

surface easterly winds across the tropical Atlantic. The radiosonde sounding from 1200UTC on 22nd January (Fig. 3f)

highlights the easterly flow in the boundary layer and there is significant wind shear with westerly winds associated

with the sub-tropical jet aloft (350 to 150 hPa). Further, the sounding highlights a transition from moist air between

1000 and 700 hPa (surface to approx. 3 km altitude) and drier air aloft (700-400 hPa).
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(colours, logarithmic scale). (e) GOES Geocolor composite of visible channels following Miller et al. (2020). (f) Skew-T
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the EUREC4A field campaign.
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From20th to 24th the shear line and associated low level moisture produced organised and significant cloud cover

over Barbados (Fig. 3e), with some light rain and showers reported. From the 25th January onwards the influence of

the shear line decreased as it moved southwards, with reduced cloud amounts across the study region. Analysis of

additional radiosonde profiles from the 24th and 25th January highlight a drying of the 1000 hPa to 700 hPa layer -

marking the onset of a quieter period with reduced cloud (see Fig. 2a).

4.1.2 | 25th to 29th January - Quiet Period

The start of this period is marked by a transition from a relatively strong pressure gradient and easterly winds across

the study region, to quieter conditions, light winds and a ridge of high pressure building from 27th January onwards.

There is a weak Azores high that is shifted North-East and very zonal trade winds, as compared to the following period

where a new, stronger, high-pressure system dominated the subtropical North Atlantic and is associated with more

north-westerly trade winds. On 25th and 26th January a weak and decaying shear line brings organised cirrus cloud

across the study area as shown by the satellite image in Fig. 4e. Through the rest of the period the radiosonde profiles

from Barbados show the dry air extending to lower levels (e.g. down to 850 hPa in Fig. 3f) which inhibits convective

cloud development in the study region (see Fig. 2).

4.1.3 | 30th January to 7th February - First dust event and periods of developing clouds

During the third period there was a mixture of conditions: some days where cloud organisation developed quite

readily with research flights through flowers cloud patterns on 2nd, 5th, and 7th February, and other days that were

relatively quiet. The flowers and gravel cloud patterns do not dominate as much as the fish cloud pattern in the first

period (Fig. 2a). The flowers cloud pattern develops upstream from regions that might initially be described as sugar

(e.g. Narenpitak et al. (2021)), so the weaker dominance of these cloud patterns is both space and time dependant.

This can be seen in Fig. 5e, where the flowers cloud pattern in the HALO circle has not developed yet, but the region

just upstream (55◦W, 13◦N) is starting to develop.

The upper-level PV (Fig. 5b) shows increased wave activity in the subtropical jet and associated PV streamers that

are sometimes over the region of interest through this period. We found that the development of the more organised

cloud patterns (flowers/gravel) during this period were always associated with a trough or PV streamer. The influence

and strength of the sub-tropical high in the central Atlantic continues to dominate, with low and mid-level easterly

flow across the tropical Atlantic towards the region of interest.

On the days where research flights were conducted, the radiosonde profiles are characterised by a moist layer

extending up to the 800 hPa or higher (see Figure 5f for an example). There is a sharp transition between moist air

in the boundary layer and dry air in the free troposphere, with a strong capping temperature inversion at 750 hPa.

Note that the inversion height varies between 800 and 700 hPa through the period, with a smooth “capping” inver-

sion in places and spatial variation in the details seen from the dropsondes around the HALO circle (George et al.,

2021). Previous work by Bony et al. (2020) has shown that a stronger inversion is linked to an increased likelihood of

developing the flowers cloud pattern which was observed sporadically through this period. There are differences in

the radiosonde profiles through this period; 2nd, 4th, 5th and 7th February are characterised by capping inversions

between 850 and 700 hPa of varying sharpness. On 3rd and 6th February the boundary layer is more weakly capped

and there is less near surface moisture (not shown).

Near-surface winds are also stronger through this period increasing from 4 to 8 m s−1 through the period (Fig. 2d).

The strength of near-surface easterly winds also appears to be linked to the tendency for more frequent identification
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F IGURE 4 Same as Fig. 3 but for 27th January.
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F IGURE 5 Same as Fig. 3 but for 5th February.
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of flowers and gravel cloud patterns through this period (Fig. 2a), consistent with Bony et al. (2020), although the day

most dominated by the flowers cloud pattern (2nd February) does show a sharp drop in wind speed and change in

wind direction.

Through this period there is a gradual increase in aerosol followed by a decrease from 2nd February (see Fig. 2c)

as mineral dust was advected westwards across the Atlantic on the southern flank of the anticyclone that extends

towards the Lesser Antilles (Chazette et al., 2022). The initial transport of this dust plume away from the west coast

of Africa occurs in the first period (see Fig. 3d). . In the visible satellite imagery there are often clouds resembling

those in the flowers cloud pattern on the leading edge of the mineral dust plume (e.g. Fig. 5d-e, around 45W-15N).

These flowers-type clouds on dust boundaries were noted on multiple days, particularly at the start of the period

when the dust plume is initially moving towards Barbados. Since the flowers-type clouds form along a line they could

be present in satellite images without being the dominant cloud pattern.

On various days during this periodwe see small amounts of the fish cloud pattern identified (Fig. 2a). In contrast to

the first period where the fish pattern dominates the region and is clearly associated with a front/shear line, the cloud

patterns that were identified as fish appear to be smaller scale and not associated with any clear synoptic feature.

4.1.4 | 8th to 14th February - Deeper cloud development and second dust event

The sub-tropical high pressure in the central Atlantic continues to dominate the synoptic pattern through this pe-

riod. The anticyclone elongates in an west-east orientation somewhat enhancing the pressure gradient across the

Caribbean and strengthening near-surface easterly winds. At upper levels there are a series of PV streamers through

this period, that extend from the Caribbean northeastwards into the sub-tropical Atlantic. These features typically

enhance the potential for deeper convection, though they mainly stay to the north of the EUREC4A study region until

14th February. The upper level southwesterly winds associated with one of these streamers (12th-15th February)

brings the onset of more moisture through the mid-troposphere and arrival of mid-level clouds.

In the region of interest, there is a slow transition through the early part of this period with a gradual deepening of

the boundary layer and increased near-surface moisture. By the 12th February this near-surface moist layer extends

up to 600 hPa (see Figure 6f). This allows the depth of clouds to increase through the period with convective clouds

being deep enough to generate light rain showers in the vicinity of Barbados. The profile in Fig 6f is characteristic of

the period with a sharp transition to dry air at the top of a relatively deep moist layer. Throughout the period there

is a strong westerly jet in the upper troposphere (approximately 250 hPa) which is associated with enhanced vertical

wind shear.

The cloud patterns during this period are similar to the previous period, with the flowers and gravel patterns

frequently developing from sugar. In the transition from the previous period (7/8th February) there are some fish

cloud patterns identified (Fig. 2a). This fish cloud pattern is larger scale than those embedded within other cloud

patterns in the previous period, but also not as dominant or associated with a clear front as in the first period.

4.2 | Local Hadley circulation

The local Hadley circulation during the EUREC4A field campaign period was analysed using the ψ-vector method

outlined in Schwendike et al. (2014). Themeridionalmass flux averaged from20 January to 20 February 2020 is shown

in Fig. 7a. In alignment with the areas of relatively high MSLP in the subtropical and tropical Atlantic downward mass

flux can be found. The strongest downward mass flux occurs over the Caribbean and is part of the descending branch

of the local Hadley circulation. The ascending branch of the local Hadley circulation can be seen in the equatorial
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F IGURE 6 Same as Fig. 3 but for 12th February.
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F IGURE 7 (a) The mean meridional mass flux (shaded, kgm−2 s−1) at 500 hPa and the mean MSLP (contours,

hPa) over the EUREC4A field campaign period (20 January - 20 February). (b) The anomaly of the meridional mass

flux from the 1990-2022 mean over the same dates (shaded, kgm−2 s−1) at 500hPa and the mean MSLP (contours,

hPa). (c) The mean meridional mass flux (shaded, kgm−2 s−1) and the wind in the plane of the cross section (arrows,

m s−1) over the EUREC4A field campaign period averaged between 60◦W to 40◦W. These plots are based on ERA5

reanalysis data.

Atlantic and in the Eastern Pacific. In themidlatitudes themeridional mass flux should be interpreted as themeridional

component of the three-dimensional circulation, and will not represent the local Hadley circulation.

The anomalies in themeridional mass flux during the field campaign and themean between 1990-2022 are shown

in Fig. 7b. This plot shows that there is anomalously negative mass flux, i. e. stronger descend, over the Caribbean.

Barbados and the field campaign region are located in a region of enhanced mass flux. The anticyclone over the

Atlantic is weaker than in the mean, and the ascending branch of the local Hadley circulation is shifted further south

than in the mean.

The mean regional Hadley circulation averaged between 60◦W to 40◦W is shown in Fig. 7c. This plot extends

to the Southern Hemisphere to show both branches of the local Hadley circulation during the EUREC4A period. As

expected, the strongest descent occurs in the winter hemisphere, and the strongest ascent is located in the summer

hemisphere.
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F IGURE 8 The daily mean meridional mass flux at 500hPa (shaded, kgm−2 s−1) and MSLP (contours, hPa) at four

times during the EUREC4A field campaign period.

Figure 8 shows that there is day-to-day variability in the meridional vertical mass flux, and that the mass flux

distribution on a given day and time could look quite different from the mean over the EUREC4A period (Fig. 7). The

local Hadley circulation on 22 and 29 January and on 05 and 12 February at 18UTC is shown in Fig. 8. The most

evident features in upward and downward mass flux are those associated with weather systems in the midlatitudes.

The mass flux in the EUREC4A region is positive, but the values are low, on 22 and 29 January and 05 February, and

both positive and negative on 12 February. On this day the downward mass flux over the Atlantic is more widespread

in comparison to the other days.

Vertical cross sections of the local Hadley circulation averaged between 60◦W to 40◦W are shown in Fig. 9.

Comparing Figs. 9 and Fig. 7c shows that at individual times the large-scale circulation is characterised by smaller-scale

features. The ascending and descending branches of the local Hadley circulation are still evident, but, in particular,

the region of ascent is interspersed by regions of descent. Over the tropical Atlantic, the strength of the downward

mass flux varies. At about 10-20◦N, the downwards mass flux is stronger in Fig. 9b, and at the other times regions of

ascent occur.
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F IGURE 9 Vertical cross sections of the daily mean meridional mass flux (shaded, kgm−2 s−1) and the the wind

in the plane of the cross section (arrows, m s−1) averaged over 60◦W to 40◦W at four times during the EUREC4A

field campaign period.
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4.3 | Summary of synoptic features

The main synoptic features and cloud types in the Barbados area during each of the four periods of the EUREC4A

field campaign are summarised in Figure 10.

1. Period 1 was characterised by the elongated shear line stretching across the North Atlantic and was linked to an

elongated upper-level PV trough. In the Tropics along the shear line “fish” clouds developed.

2. In the transition from Period 1 to Period 2 the impact of the midlatitude Rossby waves reduced and the region

around Barbados was characterised by a lack of synoptic-scale influence. This period had the most “unclassified”

cloud patterns, which was found to generally be clear sky or a mix of sugar-like cloud patterns and other clouds.

There were also occasional small-scale fish cloud patterns. Throughout Periods 1 and 2 the dry and dust-enriched

air coming off the west coast of Africa was moving westwards across the Atlantic.

3. In Period 3 this dry and dusty air has reached the field campaign region. During Period 3 a shear line as an

extension of a mid-latitude cold front reached all the way to the Bermudas, but did not move further south. The

cloud patterns during this period were characterised by sugar with intermittent development of the flowers or

gravel cloud patterns, and sometimes all three cloud patterns identified in the same satellite image. The fish

cloud pattern was also occasionally identified, but smaller scale and lest dominant than in the first period. The

predominant cloud patterns evolve through time and it could be argued that the airmass in which the flowers

cloud pattern develops would have been earlier classified as sugar.

4. Two prominent high pressure systems in the North Atlantic combined to one big and elongated high pressure

system that extended over most of the North Atlantic in the transition from Period 3 to Period 4. The dusty and

dry air is also retreating. Similar to the previous period, the cloud patterns during this period were characterised

by sugar with intermittent development of the the flowers or gravel cloud patterns. Compared to the previous

period, the clouds were deeper and brought more rain to Barbados.

5 | CONCLUSIONS AND DISCUSSION

In this paper we have examined the large-scale circulation and synoptic-scale features seen during the EUREC4A field

campaign and how they relate to observed variations in cloud patterns. This paper presents the results of workshops

that brought together forecasters and researchers to analyse in detail the synoptic conditions during the field campaign

and how they vary.

The results shown here are consistent with Bony et al. (2020) finding that differences in low-level wind speed

and inversion strength were related to differences in cloud patterns. Subtle differences in low-level winds and the

strength of the temperature inversions, as well as low-level moisture were well linked to differences in clouds and

cloud patterns. What we offer here in complement to Bony et al. (2020) is to show how the variability of wind and

thermodynamic drivers of cloud structure occurs as part of coherent synoptic-scale variability.

At the larger scale, we found that the influence of, or lack of, features associated with the midlatitudes and

subtropics played an important role in the variation of cloud patterns throughout the EUREC4A field campaign period.

We identified three features with a notable impact during the field campaign:

1. The strength and position of subtropical high pressure systems. This can be seen in the contrast between the

quieter period (25th - 29th January) when the high pressure is weaker and pushed over North Africa/South
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Europe giving a weak pressure gradient and weaker and more zonal winds over the area of interest. Following

this a new high pressure system moved into the North Atlantic and later merged with a second high pressure

system leading to a strong pressure gradient and stronger and slightly more northerly winds over the area of

interest and was associated with more frequent cloud development.

2. Fronts and shear lines associatedwithmidlatitude cyclones. The front associatedwith a cyclonewas the dominant

feature in the early period (20-24th January) leading to the area of interest being dominated by the fish cloud

pattern. Similarly, later in the field campaign, a front advanced south over the Caribbean and led to similar fish-

type cloud pattern, but remained north of the region of interest.

3. Upper-level PV streamers associatedwith anticyclonic Rossby-wave breaking. This can also been seen as a change

in direction of the subtropical jet, but PV shows a more coherent picture. Generally, the development of deeper

clouds and the flowers and gravel patterns in the region was associated with a PV streamer stretching toward the

Caribbean. This is consistent with Aemisegger et al. (2021) finding that Rossby-wave breaking and its location is

important for the transport of extratropical air masses into the subtropics and the subsequent cloud development.

These features are also not independent. For example, the stronger influence of the subtropical high-pressure

systems from 29th January, lead to stronger trade winds in the region and was associated with more frequent devel-

opment of flowers and gravel cloud patterns, consistent with Bony et al. (2020). However, the development of deeper

clouds was intermittent and more closely associated to the PV streamers. The stronger high pressure is associated

with the increased wave activity in the midlatitudes and therefore also the PV streamers. The fish cloud pattern is

associated with a front/shear line, but there is also a related upper-level trough. In this case the influence of the

front/shear line dominates the cloud pattern, but other times without a front, it is the upper level influence that is

more important.

When analysing the strength of the mean local Hadley circulation during the field campaign period, we saw that

there was a wide-spread region of subsidence across the Atlantic and Caribbean (Fig. 7a). The anomalies in meridional

mass flux, however, showed that the area around Barbados was characterised by (Fig. 7b), reduced ascent, indicating

more favourable conditions for the formation of clouds. We know that the synoptic conditions during these four

weeks are not the same. Individual snap shots of the meridional mass flux during each period show that the day-to-

day variability of upward and downward mass flux is high (Fig. 8). During the earlier part of the EUREC4A period the

influence of the high pressure system was weak, but in Period 3, when the anticyclone was located across the whole

Atlantic, there was weak ascent on it’s southern flank, where the field campaign region was located. In period 4, there

is wide spread weak subsidence across the Atlantic.

Schulz et al. (2021) showed that the occurrence of the fish cloud pattern is associated with convergence from

extratropical intrusions. This is true in the composite sense and consistent with the early period where the whole

region is dominated by the fish cloud pattern; however, there are also plenty of fish-type cloud patterns that form

in more typical conditions in the later periods of the field campaign. While there are regions of fish cloud patterns,

they also do not dominate the region like in the early period. This is consistent with Schulz et al. (2021) finding that

60% of identified fish cloud patterns have a clear convergence signature. The cases from the EUREC4A field campaign

suggest that the remaining cases without a clear convergence signature would be smaller scale and associated with

different synoptic conditions, although they may still be related to convergence at those smaller scales.

There were two periods of increased aerosol in Barbados during the field campaign (Chazette et al., 2022; Pros-

pero et al., 2021). Both periods can be associated with an expanding plume of aerosol coming fromWest Africa. The

amount of dust transported across the Atlantic depends on the dust and other aerosols emitted over West Africa

and the location of the subtropical anticyclone. The dust events during the EUREC4A field campaign were not ex-
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treme but there were two periods in with increased dust emission and transport across the Atlantic occurred. The

first dust plume showed some interesting cloud development along the boundary of the airmass as it approached the

Caribbean. This detail is likely not picked up by methods of identifying cloud patterns by drawing boxes. It is difficult

to say whether the dust had any impact on the cloud development along the boundaries of the airmasses, but it would

make an interesting case study for the formation of these clouds.

In summary, we have linked the wider synoptic situation during EUREC4A to the observed cloud patterns. Our

analysis and interpretation has brought together the knowledge, expertise and insight from a community of opera-

tional forecasters and scientific researchers. Understanding climate change in these cloud-radiative patterns is not

just a question of the cloud-boundary-layer physics, but will involve a response to regional circulation and its vari-

ability. We need to understand how local processes control the cloud and also how the distribution of cloud on

the ocean-basin scale is controlled by these coherent synoptic drivers. Ultimately, we hope that this understanding

of the relationships between synoptic drivers and local-scale clouds will assist both in atmospheric modelling and in

operational forecasting.

Acknowledgements

The workshops and forecast testbed were organised by the University of Leeds and the Caribbean Meteorological

Organization (CMO)Headquarters Unit. TheCaribbean Institute forMeteorology andHydrology (CIMH), the technical

and training organ of the CMO, also supported the WMO Severe Weather Forecasting Programme-(SWFP)-Eastern

Caribbean, which co-sponsored theworkshops. CMO’s component of theworkshopswas supported by theWMOand

the Climate Risk and Early Warning Systems (CREWS) initiative. The UK component of EUREC4A was funded by the

project EUREC4A-UK; NE/S015752/1 (Leeds) and NE/S015779/1 (Manchester). We acknowledge the work of Peter

Gallimore whose early analysis of the atmospheric composition data and vision for a synoptic synthesis encouraged

us to develop this paper. We thank the three anonymous reviewers whose comments have helped to substantially

improve this paper.

Data Availability

The data for figure 2a was taken from the C3ONTEXT dataset (Schulz, 2022a)(Schulz, 2022b). The data from the

Barbados CloudObservatory is freely available online (Stevens et al., 2016). The aerosol data fromfigure 2b is available

on request. The reanalysis data is from ERA5 (Hersbach et al., 2020), which is freely downloadable from the climate

data store (Copernicus Climate Change Service, 2018; C3S, 2018). The addition aerosol data is fromMERRA-2 (Gelaro

et al., 2017), which is freely downloadable from the NASA data centre (Global Modeling And Assimilation Office and

Pawson, 2015). The satellite images were produced using data from the GOES-16 satellite (Knapp, 2017) downloaded

using the GOES-2-go library (Blaylock, 2025). The observed radiosonde soundings were obtained from the University

of Wyoming upper air database (Wyoming, 2015). The code used to produce the figures, and copies of the synoptic

charts are archived in a zenodo repository (Saffin, 2026).

references

Aemisegger, F., Vogel, R., Graf, P., Dahinden, F., Villiger, L., Jansen, F., Bony, S., Stevens, B. and Wernli, H. (2021) How Rossby

wave breaking modulates the water cycle in the North Atlantic trade wind region. Weather Clim. Dynam., 2, 281–309.

URL: https://wcd.copernicus.org/articles/2/281/2021/. Publisher: Copernicus Publications.



Saffin et al. 23

Beucher, F., Couvreux, F., Bouniol, D., Faure, G., Favot, F., Dauhut, T. and Ayet, A. (2022) Process-oriented evaluation of

the oversea AROME configuration: Focus on the representation of cloud organisation. Quarterly Journal of the Royal

Meteorological Society, 148, 3429–3447.

Blaylock, B. K. (2025) GOES-2-go: Download and display GOES-East and GOES-West data. URL: https://zenodo.org/doi/

10.5281/zenodo.4567558.

Bony, S. and Dufresne, J.-L. (2005) Marine boundary layer clouds at the heart of tropical cloud feedback uncertainties in

climate models. Geophysical Research Letters, 32.

Bony, S., Schulz, H., Vial, J. and Stevens, B. (2020) Sugar, gravel, fish and flowers: Dependence of mesoscale patterns of

trade-wind clouds on environmental conditions. Geophysical Research Letters, 48, 2019GL085988.

Bony, S., Stevens, B., Ament, F., Bigorre, S., Chazette, P., Crewell, S., Delanoë, J., Emanuel, K., Farrell, D., Flamant, C., Gross,

S., Hirsch, L., Karstensen, J., Mayer, B., Nuijens, L., Ruppert, J. H., Sandu, I., Siebesma, P., Speich, S., Szczap, F., Totems,

J., Vogel, R., Wendisch, M. and Wirth, M. (2017) EUREC4A: A field campaign to elucidate the couplings between clouds,

convection and circulation. Surveys in Geophysics, 38, 1529–1568.

Bretherton, C. S. and Blossey, P. N. (2017) Understanding mesoscale aggregation of shallow cumulus convection using large-

eddy simulation. Journal of Advances in Modeling Earth Systems, 9, 2798–2821.

C3S (2018) ERA5 hourly data on single levels from 1940 to present. URL: https://cds.climate.copernicus.eu/doi/10.

24381/cds.adbb2d47.

Chazette, P., Baron, A. and Flamant, C. (2022) Mesoscale spatio-temporal variability of airborne lidar-derived aerosol proper-

ties in the Barbados region during EUREC4A. Atmos. Chem. Phys., 22, 1271–1292. URL: https://acp.copernicus.org/

articles/22/1271/2022/. Publisher: Copernicus Publications.

Community, E. (2026) URL: https://howto.eurec4a.eu/bco_cloudradar.html#retrieving-cloud-fraction-profile.

Copernicus Climate Change Service (2018) ERA5 hourly data on pressure levels from 1940 to present. URL: https://cds.

climate.copernicus.eu/doi/10.24381/cds.bd0915c6.

Cuevas-Agulló, E., Barriopedro, D., Delia García, R., Alonso-Pérez, S., González-Alemán, J. J., Werner, E., Suárez, D., José Bus-

tos, J., García-Castrillo, G., García, O., Barreto, A. and Basart, S. (2024) Sharp increase in Saharan dust intrusions over the

western Euro-Mediterranean in February–March 2020–2022 and associated atmospheric circulation. Atmos. Chem. Phys.,

24, 4083–4104. URL: https://acp.copernicus.org/articles/24/4083/2024/. Publisher: Copernicus Publications.

Denby, L. (2020) Discovering the importance ofmesoscale cloud organization through unsupervised classification. Geophysical

Research Letters, 47, e2019GL085190.

Gelaro, R., McCarty, W., Suárez, M. J., Todling, R., Molod, A., Takacs, L., Randles, C. A., Darmenov, A., Bosilovich, M. G.,

Reichle, R., Wargan, K., Coy, L., Cullather, R., Draper, C., Akella, S., Buchard, V., Conaty, A., da Silva, A. M., Gu, W., Kim,

G.-K., Koster, R., Lucchesi, R., Merkova, D., Nielsen, J. E., Partyka, G., Pawson, S., Putman, W., Rienecker, M., Schubert,

S. D., Sienkiewicz, M. and Zhao, B. (2017) TheModern-Era Retrospective Analysis for Research and Applications, Version 2

(MERRA-2). Journal of Climate, 30, 5419–5454. URL: https://journals.ametsoc.org/view/journals/clim/30/14/jcli-

d-16-0758.1.xml. Place: Boston MA, USA Publisher: American Meteorological Society.

George, G., Stevens, B., Bony, S., Klingebiel, M. and Vogel, R. (2021) Observed impact of mesoscale vertical motion on cloudi-

ness. Journal of the Atmospheric Sciences, 78, 2413–2427. Publisher: American Meteorological Society.

George, G., Stevens, B., Bony, S., Vogel, R. and Naumann, A. K. (2023) Widespread shallow mesoscale circulations observed

in the trades. Nature Geoscience, 16, 584–589. URL: https://doi.org/10.1038/s41561-023-01215-1.

Global Modeling And Assimilation Office and Pawson, S. (2015) MERRA-2 inst3_2d_gas_nx: 2d,3-

Hourly,Instantaneous,Single-Level,Assimilation,Aerosol Optical Depth Analysis V5.12.4. URL: https://disc.gsfc.

nasa.gov/datacollection/M2I3NXGAS_5.12.4.html.



24 Saffin et al.

Gutleben, M., Groß, S., Heske, C. andWirth, M. (2022)Wintertime Saharan dust transport towards the Caribbean: an airborne

lidar case study during EUREC4A. Atmos. Chem. Phys., 22, 7319–7330. URL: https://acp.copernicus.org/articles/22/

7319/2022/.

Hersbach, H., Bell, B., Berrisford, P., Hirahara, S., Horányi, A., Muñoz-Sabater, J., Nicolas, J., Peubey, C., Radu, R., Schepers, D.,

Simmons, A., Soci, C., Abdalla, S., Abellan, X., Balsamo, G., Bechtold, P., Biavati, G., Bidlot, J., Bonavita, M., Chiara, G. D.,

Dahlgren, P., Dee, D., Diamantakis, M., Dragani, R., Flemming, J., Forbes, R., Fuentes, M., Geer, A., Haimberger, L., Healy,

S., Hogan, R. J., Hólm, E., Janisková, M., Keeley, S., Laloyaux, P., Lopez, P., Lupu, C., Radnoti, G., de Rosnay, P., Rozum, I.,

Vamborg, F., Villaume, S. and Thépaut, J.-N. (2020) The ERA5 global reanalysis. Quarterly Journal of the RoyalMeteorological

Society, 146, 1999–2049.

Janssens, M., de Arellano, J. V., Scheffer, M., Antonissen, C., Siebesma, A. P. and Glassmeier, F. (2021) Cloud patterns in the

trades have four interpretable dimensions. Geophysical Research Letters, 48, e2020GL091001.

Janssens, M., de Arellano, J. V.-G., van Heerwaarden, C. C., de Roode, S. R., Siebesma, A. P. and Glassmeier, F. (2022) Non-

precipitating shallow cumulus convection is intrinsically unstable to length-scale growth. Journal of the Atmospheric Sci-

ences, -1.

Knapp, K. R. (2017) Gridded Satellite GOES Coverage Data (GridSat-GOES).

Lafore, J. P., Chapelon, N., Beucher, F., Kane, M. D., Gaymard, A., Kasimou, A., Lepape, S., Mumbae, Z., Orji, B., Osika, D.,

Parker, D. J., Poan, E., Razafindrakoto, L. G., Vincendon, J. C. and the West African forecasting community (feedback

coordinated by Abdou Kassimou, Niamey, Niger), ACMAD, A. a. (2017) West African Synthetic Analysis and Forecast. In

Meteorology of Tropical West Africa, 423–451. URL: https://doi.org/10.1002/9781118391297.ch11.

Miller, S. D., Lindsey, D. T., Seaman, C. J. and Solbrig, J. E. (2020) GeoColor: A Blending Technique for Satellite Imagery. Journal

of Atmospheric and Oceanic Technology, 37, 429–448.

Narenpitak, P., Kazil, J., Yamaguchi, T., Quinn, P. and Feingold, G. (2021) From sugar to flowers: A transition of shallow cumulus

organization during atomic. Journal of Advances in Modeling Earth Systems, 13, e2021MS002619.

Pfahler, M., Bosart, L. and Laing, A. (2025) The Role of the Subtropical Jet Stream in Dry Season Severe Caribbean Rainstorms:

Climatology &Composite Analyses.MonthlyWeather Review. URL: https://journals.ametsoc.org/view/journals/mwre/

aop/MWR-D-23-0264.1/MWR-D-23-0264.1.xml. Place: Boston MA, USA Publisher: American Meteorological Society.

Prospero, J. M., Delany, A. C., Delany, A. C. and Carlson, T. N. (2021) The discovery of African dust transport to the Western

Hemisphere and the Saharan air layer: A history. Bulletin of the American Meteorological Society. URL: https://journals.

ametsoc.org/view/journals/bams/102/6/BAMS-D-19-0309.1.xml.

Saffin, L. (2026) leosaffin/eurec4a-synoptic: 1st Revision. URL: https://zenodo.org/records/20830278.

Saffin, L., Lock, A., Tomassini, L., Blyth, A., Böing, S., Denby, L. and Marsham, J. (2023) Kilometer-Scale Simulations of

Trade-Wind Cumulus Capture Processes of Mesoscale Organization. Journal of Advances in Modeling Earth Systems, 15,

e2022MS003295. URL: https://doi.org/10.1029/2022MS003295. Publisher: John Wiley & Sons, Ltd.

Santurette, P. and Joly, A. (2002) ANASYG/PRESYG, Météo-France’s new graphical summary of the synoptic situation. Mete-

orological Applications, 9, 129–154. URL: https://doi.org/10.1017/S1350482702002013. Publisher: John Wiley & Sons,

Ltd.

Schulz, H. (2022a) C3ONTEXT: a Common Consensus on Convective OrgaNizaTion during the EUREC4A eXperimenT. Earth

Syst. Sci. Data, 14, 1233–1256.

— (2022b) C3ontext: A common consensus on convective organization during the eurec4a experiment. URL: https://doi.

org/10.5281/zenodo.5979718.

Schulz, H., Eastman, R. and Stevens, B. (2021) Characterization and evolution of organized shallow convection in the down-

stream north atlantic trades. Journal of Geophysical Research: Atmospheres, 126, e2021JD034575.



Saffin et al. 25

Schwendike, J., Govekar, P., Reeder, M. J., Wardle, R., Berry, G. J. and Jakob, C. (2014) Local partitioning of the overturning

circulation in the tropics and the connection to the Hadley and Walker circulations. J. Geophys. Res. Atmos., 119, 1322–

1339.

Stevens, B., Bony, S., Brogniez, H., Hentgen, L., Hohenegger, C., Kiemle, C., L’Ecuyer, T. S., Naumann, A. K., Schulz, H., Siebesma,

P. A., Vial, J., Winker, D. M. and Zuidema, P. (2020) Sugar, gravel, fish and flowers: Mesoscale cloud patterns in the trade

winds. Quarterly Journal of the Royal Meteorological Society, 146, 141–152.

Stevens, B., Bony, S., Farrell, D., Ament, F., Blyth, A., Fairall, C., Karstensen, J., Quinn, P. K., Speich, S., Acquistapace, C.,

Aemisegger, F., Albright, A. L., Bellenger, H., Bodenschatz, E., Caesar, K. A., Chewitt-Lucas, R., Boer, G. D., Delanoë, J.,

Denby, L., Ewald, F., Fildier, B., Forde, M., George, G., Gross, S., Hagen, M., Hausold, A., Heywood, K. J., Hirsch, L., Jacob,

M., Jansen, F., Kinne, S., Klocke, D., Kölling, T., Konow, H., Lothon, M., Mohr, W., Naumann, A. K., Nuijens, L., Olivier, L.,

Pincus, R., Pöhlker, M., Reverdin, G., Roberts, G., Schnitt, S., Schulz, H., Siebesma, A. P., Stephan, C. C., Sullivan, P., Touzé-

Peiffer, L., Vial, J., Vogel, R., Zuidema, P., Alexander, N., Alves, L., Arixi, S., Asmath, H., Bagheri, G., Baier, K., Bailey, A.,

Baranowski, D., Baron, A., Barrau, S., Barrett, P. A., Batier, F., Behrendt, A., Bendinger, A., Beucher, F., Bigorre, S., Blades, E.,

Blossey, P., Bock, O., Böing, S., Bosser, P., Bourras, D., Bouruet-Aubertot, P., Bower, K., Branellec, P., Branger, H., Brennek,

M., Brewer, A., Brilouet, P. E., Brügmann, B., Buehler, S. A., Burke, E., Burton, R., Calmer, R., Canonici, J. C., Carton, X., Cato,

G., Charles, J. A., Chazette, P., Chen, Y., Chilinski, M. T., Choularton, T., Chuang, P., Clarke, S., Coe, H., Cornet, C., Coutris,

P., Couvreux, F., Crewell, S., Cronin, T., Cui, Z., Cuypers, Y., Daley, A., Damerell, G. M., Dauhut, T., Deneke, H., Desbios,

J. P., Dörner, S., Donner, S., Douet, V., Drushka, K., Dütsch, M., Ehrlich, A., Emanuel, K., Emmanouilidis, A., Etienne, J. C.,

Etienne-Leblanc, S., Faure, G., Feingold, G., Ferrero, L., Fix, A., Flamant, C., Flatau, P. J., Foltz, G. R., Forster, L., Furtuna,

I., Gadian, A., Galewsky, J., Gallagher, M., Gallimore, P., Gaston, C., Gentemann, C., Geyskens, N., Giez, A., Gollop, J.,

Gouirand, I., Gourbeyre, C., Graaf, D. D., Groot, G. E. D., Grosz, R., Güttler, J., Gutleben, M., Hall, K., Harris, G., Helfer,

K. C., Henze, D., Herbert, C., Holanda, B., Ibanez-Landeta, A., Intrieri, J., Iyer, S., Julien, F., Kalesse, H., Kazil, J., Kellman,

A., Kidane, A. T., Kirchner, U., Klingebiel, M., Körner, M., Kremper, L. A., Kretzschmar, J., Krüger, O., Kumala, W., Kurz, A.,

L’Hégaret, P., Labaste, M., Lachlan-Cope, T., Laing, A., Landschützer, P., Lang, T., Lange, D., Lange, I., Laplace, C., Lavik, G.,

Laxenaire, R., LeBihan, C., Leandro, M., Lefevre, N., Lena, M., Lenschow, D., Li, Q., Lloyd, G., Los, S., Losi, N., Lovell, O.,

Luneau, C., Makuch, P., Malinowski, S., Manta, G., Marinou, E., Marsden, N., Masson, S., Maury, N., Mayer, B., Mayers-Als,

M., Mazel, C., McGeary, W., McWilliams, J. C., Mech, M., Mehlmann, M., Meroni, A. N., Mieslinger, T., Minikin, A., Minnett,

P., Möller, G., Avalos, Y. M., Muller, C., Musat, I., Napoli, A., Neuberger, A., Noisel, C., Noone, D., Nordsiek, F., Nowak, J. L.,

Oswald, L., Parker, D. J., Peck, C., Person, R., Philippi, M., Plueddemann, A., Pöhlker, C., Pörtge, V., Pöschl, U., Pologne, L.,

Posyniak, M., Prange, M., Meléndez, E. Q., Radtke, J., Ramage, K., Reimann, J., Renault, L., Reus, K., Reyes, A., Ribbe, J.,

Ringel, M., Ritschel, M., Rocha, C. B., Rochetin, N., Röttenbacher, J., Rollo, C., Royer, H., Sadoulet, P., Saffin, L., Sandiford, S.,

Sandu, I., Schäfer, M., Schemann, V., Schirmacher, I., Schlenczek, O., Schmidt, J., Schröder, M., Schwarzenboeck, A., Sealy,

A., Senff, C. J., Serikov, I., Shohan, S., Siddle, E., Smirnov, A., Späth, F., Spooner, B., Stolla, M. K., Szkólka, W., Szoeke, S.

P. D., Tarot, S., Tetoni, E., Thompson, E., Thomson, J., Tomassini, L., Totems, J., Ubele, A. A., Villiger, L., Arx, J. V., Wagner, T.,

Walther, A., Webber, B., Wendisch, M., Whitehall, S., Wiltshire, A., Wing, A. A., Wirth, M., Wiskandt, J., Wolf, K., Worbes,

L., Wright, E., Wulfmeyer, V., Young, S., Zhang, C., Zhang, D., Ziemen, F., Zinner, T. and Zöger, M. (2021) EUREC4A. Earth

System Science Data, 13, 4067–4119.

Stevens, B., Farrell, D., Hirsch, L., Jansen, F., Nuijens, L., Serikov, I., Brügmann, B., Forde, M., Linne, H., Lonitz, K. and Prospero,

J. M. (2016) The Barbados Cloud Observatory: Anchoring Investigations of Clouds and Circulation on the Edge of the

ITCZ. Bulletin of the American Meteorological Society, 97, 787–801.

Vial, J., Dufresne, J.-L. and Bony, S. (2013) On the interpretation of inter-model spread in CMIP5 climate sensitivity estimates.

Climate Dynamics, 41, 3339–3362. URL: https://doi.org/10.1007/s00382-013-1725-9.

Villiger, L., Wernli, H., Boettcher, M., Hagen, M. and Aemisegger, F. (2022) Lagrangian formation pathways of moist anomalies

in the trade-wind region during the dry season: two case studies from EUREC4A.Weather and Climate Dynamics, 3, 59–88.

URL: https://wcd.copernicus.org/articles/3/59/2022/. Publisher: Copernicus Publications.

Vogel, R., Albright, A. L., Vial, J., George, G., Stevens, B. and Bony, S. (2022) Strong cloud–circulation coupling explains weak

trade cumulus feedback. Nature, 612, 696–700. URL: https://doi.org/10.1038/s41586-022-05364-y.



26 Saffin et al.

Wyoming (2015) Department atmospheric science university of of wyoming. (2014). worldwide upper air radiosonde sound-

ings, maps, and profiles, by region, 1973-present.

Zelinka, M. D., Myers, T. A., McCoy, D. T., Po-Chedley, S., Caldwell, P. M., Ceppi, P., Klein, S. A. and Taylor, K. E. (2020)

Causes of Higher Climate Sensitivity in CMIP6 Models. Geophysical Research Letters, 47, e2019GL085782. URL: https:

//doi.org/10.1029/2019GL085782. Publisher: John Wiley & Sons, Ltd.

GRAPHICAL ABSTRACT

HL

L H

H
L

L

H

H

L

H

Synoptic Overview EUREC4A

(a) Period 1

(c) Period 3 (d) Period 4

(b) Period 2

Shear Line Dry and dusty air

Field Campaign Area Gravel

Fish

Sugar

Flower

PV at 200hPa

The figure shows a summary of the important synoptic features and associated cloud pat-

terns during the field EUREC4A campaign, divided into four subjectively defined periods.

In period 1 the fish cloud pattern was dominant, associated with a shear line, and there was

an initial transport of dust from West Africa that reached Barbados in the third period. In

period 2 there was a weaker influence from the midlatitudes and an associated weaker and

retreating subtropical high, which generally resulting in little cloud development or sugar-

type clouds. In period 3 there was intermittent development of more organised cloud

patterns associated with a stronger subtropical high and potential vorticity streamers from

anticyclonic wave breaking. In period 4 there was a second dust event and development

of deeper clouds associated with the merging of two high-pressure systems and further

anticyclonic wave breaking.


