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How do we characterise the different modes of 
organisation?

4 Stevens, Bony, Brogniez . . .Zuidema

Figure 3. Fish: MODIS-Aqua scenes as in Fig. 1. From left to right the images correspond to 30 January 2009, 16 January 2009 and 1 February 2013.

Figure4. Flowers: MODIS-Aqua scenes as in Fig. 1. From left to right the images correspond to 7 January 2010, 14 February 2010 and 9 February 2017.

2.2. Assigning labels

Based on these perceived patterns the subgroup developed a

labelling protocol which was used to train the rest of the group

of twelve labellers. Here we define labelling as the act of an

individual, a labeller, attaching a label to an image. Classification

iswhat emergesout of thelabelling activity, for instanceasaresult

of independent labellers attaching the same label to an image.

Becauseof theway the imageswereset up it wasonly possible to

label an imageasawhole, and having a large(20◦ ⇥10◦ ) domain

increased the chances that different patterns of shallow-cloud

organisation would appear in different parts of the domain. This

is already evident, for instance in Fig. 2b, where in the western

portion of the image, near and north of Barbados, clouds have a

moreSugar-like texture, or in Fig. 1awhereaFish isvisible in the

bottom right quadrant. In the group classification that followed,

it was therefore decided to work with smaller 10◦ ⇥ 10◦ images.

For these the south-western corner of the domain was placed at

58 ◦ W and 10◦ N, upwind of Barbados. In adjusting thesizeof the

scene we may have inadvertently made it less likely for Bands to

be identified.

Thefiveperceived patterns (including ‘Bands’ ) were presented

to the full group of twelve labellers (theauthors) by thesubgroup.

Each pattern was described and presented in the form of a few

examples, similar to thoseshown in Figs 1- 4. Then, together, the

group scrolled through a season (December, January, February;

DJF) of Worldview images. As if learning how to play a card

game with an open hand, individuals were asked in turn to label

an image and when the other participants did not agree, reasons

for differenceswerediscussed. After the training each person was

asked to label five years of images, for thespecified study region,

during the months of December, January and February, within

a period of ten seasons starting in 2007/2008 and concluding in

2016/2017. These years were chosen as they were the only ones

available on Worldview at the time of the labelling activity. Each

season ran from 1 December until 28 February, thusexcluding Feb

29 in 2008, 2012 and 2016, and totalling ten seasons (900 days).

Each person assigned labelsto fiveseasonsof images, so that each

imagewas independently assigned a label by six different people.

The classification was performed only on daytime MODIS-Aqua

images (corresponding to roughly 1330 local time at the centre

of the image) using the ’Corrected reflectance’ product, which

corresponds to the MODIS Level 1B data (a combination of data

at different wavelengths, derived from sensors having a 250 m or

500 m resolution), corrected for gross atmospheric effects. When

either of Sugar, Gravel, Fish, or Flowers covered half or more of

the image, the image wasclassified as such.

3. Results

3.1. Label Statistics

N 3 4 5 6

Actual 0.58 0.37 0.20 0.08
Random (p = 1/ 6) 0.37 0.052 0.004 0.00013
Random (p = 1/ 4) 0.68 0.15 0.019 0.00098

Table 1. Fraction of 815 ’classifiable’ images for which k or more labellers

were in agreement, and the probability p, of this happening if labels were

randomly assigned with equal likelihood. Two limiting cases are considered:

when a classifier randomly assigns one of six (p = 1/ 6) or one of four

(p = 1/ 4) possible labels.

Of the900 images, 815 wereclassified by at least oneperson as

being dominated by one of the four patterns: Sugar, Gravel, Fish,

or Flowers. Thus we consider these 815 days as classifiabledays.

Of the 85 images that were not classified by any person, many

of these were the result of conditions overcast by high clouds, or

c 2019 Royal Meteorological Society Prepared using qjrms4.cls

4 Stevens, Bony, Brogniez . . .Zuidema

Figure3. Fish: MODIS-Aqua scenes as in Fig. 1. From left to right the images correspond to 30 January 2009, 16 January 2009 and 1 February 2013.

Figure4. Flowers: MODIS-Aqua scenes as in Fig. 1. From left to right the images correspond to 7 January 2010, 14 February 2010 and 9 February 2017.

2.2. Assigning labels

Based on these perceived patterns the subgroup developed a

labelling protocol which was used to train the rest of the group

of twelve labellers. Here we define labelling as the act of an

individual, a labeller, attaching a label to an image. Classification

iswhat emergesout of thelabelling activity, for instanceasaresult

of independent labellers attaching the same label to an image.

Becauseof theway the imageswereset up it wasonly possible to

label an imageasawhole, and having a large(20◦ ⇥ 10◦ ) domain

increased the chances that different patterns of shallow-cloud

organisation would appear in different parts of the domain. This

is already evident, for instance in Fig. 2b, where in the western

portion of the image, near and north of Barbados, clouds have a

moreSugar-like texture, or in Fig. 1awhereaFish isvisible in the

bottom right quadrant. In the group classification that followed,

it was therefore decided to work with smaller 10◦ ⇥ 10◦ images.

For these the south-western corner of the domain was placed at

58 ◦ W and 10◦ N, upwind of Barbados. In adjusting thesizeof the

scene we may have inadvertently made it less likely for Bands to

be identified.

Thefiveperceived patterns (including ‘Bands’ ) were presented

to the full group of twelve labellers (theauthors) by thesubgroup.

Each pattern was described and presented in the form of a few

examples, similar to thoseshown in Figs 1- 4. Then, together, the

group scrolled through a season (December, January, February;

DJF) of Worldview images. As if learning how to play a card

game with an open hand, individuals were asked in turn to label

an image and when the other participants did not agree, reasons

for differenceswerediscussed. After the training each person was

asked to label five years of images, for thespecified study region,

during the months of December, January and February, within

a period of ten seasons starting in 2007/2008 and concluding in

2016/2017. These years were chosen as they were the only ones

available on Worldview at the time of the labelling activity. Each

season ran from 1 December until 28 February, thusexcluding Feb

29 in 2008, 2012 and 2016, and totalling ten seasons (900 days).

Each person assigned labelsto fiveseasonsof images, so that each

image was independently assigned a label by six different people.

The classification was performed only on daytime MODIS-Aqua

images (corresponding to roughly 1330 local time at the centre

of the image) using the ’Corrected reflectance’ product, which

corresponds to the MODIS Level 1B data (a combination of data

at different wavelengths, derived from sensors having a 250 m or

500 m resolution), corrected for gross atmospheric effects. When

either of Sugar, Gravel, Fish, or Flowers covered half or more of

the image, the image wasclassified as such.

3. Results

3.1. Label Statistics

N 3 4 5 6

Actual 0.58 0.37 0.20 0.08
Random (p = 1/ 6) 0.37 0.052 0.004 0.00013
Random (p = 1/ 4) 0.68 0.15 0.019 0.00098

Table 1. Fraction of 815 ’classifiable’ images for which k or more labellers

were in agreement, and the probability p, of this happening if labels were

randomly assigned with equal likelihood. Two limiting cases are considered:

when a classifier randomly assigns one of six (p = 1/ 6) or one of four

(p = 1/ 4) possible labels.

Of the900 images, 815 wereclassified by at least oneperson as

being dominated by one of the four patterns: Sugar, Gravel, Fish,

or Flowers. Thus we consider these 815 days as classifiabledays.

Of the 85 images that were not classified by any person, many

of these were the result of conditions overcast by high clouds, or

c 2019 Royal Meteorological Society Prepared using qjrms4.cls

Sugar, Gravel, Fish, and Flowers 3

Figure 1. Sugar: MODIS-Aqua scenes from Worldview. The images cover the area from 60 ◦ W to 48 ◦ W and 10 ◦ N to 20 ◦ N . For these images the scenes have been
extended to the west to include Barbados, coloured in artificial green, on the far left. For a sense of scale Barbados fits in a rectangle of east-west dimension of 25 km and
north-south dimension of 30 km . Depending on the quality of the reproduction, some features distinguishing these from other patterns may be difficult to discern from
printed (rather than electronic) renditions of this manuscript. From left to right the images correspond to 31 December 2014, 5 December 2015, and 20 January 2016.

Figure 2. Gravel: MODIS-Aqua scenes as in Fig. 1. From left to right the images correspond to 2 December 2009, 14 January 2009 and 12 December 2015.

cores, and appearing in quasi-regular spaced bunches

(hence the plural) with individual features well separated

from one another by regions devoid of clouds.

These are illustrated by images (Fig. 1-4) from scenes that,

through the broader classification activity described below (§2.2),

wereunanimously identifiedwith aparticular pattern.‡

Sugar was so named because when it occurred the clouds

looked like a sprinkling of powder sugar. In Fig. 1 this is

exemplified by the cloud patterns the upper-left quadrant (partly

masked by the gap in satellite coverage) of the left (31 Dec 2014)

panel, and in the right half of the right (20 Jan 2016) panel.

The granulation in the reflectivity field of Sugar is quite fine,

with relatively little clumping, other than what one might expect

to occur randomly. Hence the clouds were not too reflective (or

bright) which was interpreted as them lacking vertical extent.

Another notable feature of Sugar was the absence of large-

scale areas completely devoid of clouds. Ideally Sugar had no

organisation, but often what we would call Sugar might be

patterned by the large-scale flow into streets or even feather-like

forms.

Gravel differed from Sugar through a larger granularity

of the patterns defined by the clouds as well as a greater

brightness contrast (Fig. 2). More notably, Gravel clouds

organised along lines or arcs thought to be associated with

gust-fronts accompanying cold pools (i.e., precipitation sourced

density currents Zuidema et al. 2012). New cells often could be

seen to format thepointswheregust-frontscollided, withbrighter,

presumably deeper, clouds demarcating these regions. In some

‡For print, rather than electronic, versions of images some features may bedifficult
to discern.

cases Gravel exhibited structures reminiscent of open mesoscale

cellular convection, for instance in the lower third of the image

from 14 Jan 2009 (central panel, Fig. 2). Gravel and Sugar

are identified with some degree of preconception: Gravel with

cold pools (Zuidema et al. 2012); Sugar with non-precipitating

shallow convection. Past modelling (e.g., Siebesma et al. 2003)

and observational campaigns(BOMEX Nittaand Esbensen 1974)

studies have helped establish Sugar as the canonical Tradewind

cloud in the mind of many researchers.

Fish also appears to be built up from open-cells or convective

cells organised around apparent gust-fronts in ways that outline

a skeletal structure similar to that of a fish. But compared to

Gravel the clouds are yet brighter, and encapsulated in a larger

meso-↵ scale envelope (200 km to 2000 km), often with some

amount of associated stratiform cloud cover. In Fig. 3 one such

structure stretches across the 12◦ of longitude on the bottom of

the left panel; another stretches across the full image of the right

panel, from the north-west to the south-east corner. This meso-↵
scalepatterning of thecell-complexes isbrought into relief by the

degree to which theareasbetween the ’Fish’ isdevoid of clouds–

in marked contrast to Gravel.

Flowers were the most surprising and most distinct pattern

of organisation. They are comprised of meso-β scale patches

of stratiform clouds, often with evidence of central clusters

embedded and supporting the stratiform cloud patches (Fig. 4).

The scale of an individual Flower (or stratiform patch) in the

pattern ‘Flowers’ varies from a few tens to a few hundred of

kilometres. Our classification focused on situations where they

appeared in bunches, i.e., withaquasi-regular distribution wherein

individual Flowers were separated from one another by similarly

scaled regions devoid of clouds.

c 2019 Royal Meteorological Society Prepared using qjrms4.cls

Sugar, Gravel, Fish, and Flowers 3

Figure 1. Sugar: MODIS-Aqua scenes from Worldview. The images cover the area from 60 ◦ W to 48 ◦ W and 10 ◦ N to 20 ◦ N . For these images the scenes have been
extended to the west to include Barbados, coloured in artificial green, on the far left. For asense of scale Barbados fits in a rectangle of east-west dimension of 25 km and
north-south dimension of 30 km . Depending on the quality of the reproduction, some features distinguishing these from other patterns may be difficult to discern from
printed (rather than electronic) renditions of this manuscript. From left to right the images correspond to 31 December 2014, 5 December 2015, and 20 January 2016.

Figure2. Gravel: MODIS-Aqua scenes as in Fig. 1. From left to right the images correspond to 2 December 2009, 14 January 2009 and 12 December 2015.

cores, and appearing in quasi-regular spaced bunches

(hence the plural) with individual features well separated

from oneanother by regions devoid of clouds.

These are illustrated by images (Fig. 1-4) from scenes that,

through the broader classification activity described below (§2.2),

were unanimously identifiedwith a particular pattern.‡

Sugar was so named because when it occurred the clouds

looked like a sprinkling of powder sugar. In Fig. 1 this is

exemplified by the cloud patterns the upper-left quadrant (partly

masked by the gap in satellite coverage) of the left (31 Dec 2014)

panel, and in the right half of the right (20 Jan 2016) panel.

The granulation in the reflectivity field of Sugar is quite fine,

with relatively little clumping, other than what one might expect

to occur randomly. Hence the clouds were not too reflective (or

bright) which was interpreted as them lacking vertical extent.

Another notable feature of Sugar was the absence of large-

scale areas completely devoid of clouds. Ideally Sugar had no

organisation, but often what we would call Sugar might be

patterned by the large-scale flow into streets or even feather-like

forms.

Gravel differed from Sugar through a larger granularity

of the patterns defined by the clouds as well as a greater

brightness contrast (Fig. 2). More notably, Gravel clouds

organised along lines or arcs thought to be associated with

gust-fronts accompanying cold pools (i.e., precipitation sourced

density currents Zuidema et al. 2012). New cells often could be

seen to format thepointswheregust-frontscollided, with brighter,

presumably deeper, clouds demarcating these regions. In some

‡For print, rather than electronic, versions of images some features may bedifficult
to discern.

cases Gravel exhibited structures reminiscent of open mesoscale

cellular convection, for instance in the lower third of the image

from 14 Jan 2009 (central panel, Fig. 2). Gravel and Sugar

are identified with some degree of preconception: Gravel with

cold pools (Zuidema et al. 2012); Sugar with non-precipitating

shallow convection. Past modelling (e.g., Siebesma et al. 2003)

and observational campaigns(BOMEX Nittaand Esbensen 1974)

studies have helped establish Sugar as the canonical Tradewind

cloud in themind of many researchers.

Fish also appears to be built up from open-cells or convective

cells organised around apparent gust-fronts in ways that outline

a skeletal structure similar to that of a fish. But compared to

Gravel the clouds are yet brighter, and encapsulated in a larger

meso-↵ scale envelope (200 km to 2000 km), often with some

amount of associated stratiform cloud cover. In Fig. 3 one such

structure stretches across the 12◦ of longitude on the bottom of

the left panel; another stretches across the full image of the right

panel, from the north-west to the south-east corner. This meso-↵

scalepatterning of thecell-complexes isbrought into relief by the

degree to which theareasbetween the ’Fish’ isdevoid of clouds–

in marked contrast to Gravel.

Flowers were the most surprising and most distinct pattern

of organisation. They are comprised of meso-β scale patches

of stratiform clouds, often with evidence of central clusters

embedded and supporting the stratiform cloud patches (Fig. 4).

The scale of an individual Flower (or stratiform patch) in the

pattern ‘Flowers’ varies from a few tens to a few hundred of

kilometres. Our classification focused on situations where they

appeared inbunches, i.e., with aquasi-regular distribution wherein

individual Flowers were separated from one another by similarly

scaled regions devoid of clouds.

c 2019 Royal Meteorological Society Prepared using qjrms4.cls

gravelSugar

flowers
fish

manuscript submit ted to Geophysical Research Letters

F igur e 3. Top: Images of scenes projected onto planes spanned by the first and second (a) and

third and fourth (b) PCs of the met ric dist ribut ion, overlaid by arrows oriented along the mean

gradient of several met ric groups (see main text ). Bot tom: Filled contours of standardised met ric

values that have in excess of 50% of their variance explained by the first (c) and second (d) plane,

const ructed by piecewise linear barycent ric interpolat ion and overlaid by an arrow point ing along

the mean gradient . Subfigures b) and d) are rotated counter-clockwise by 49° in-plane to improve

clarity of visualisat ion.

PCs (dimensions) are needed to capture the mult ivariate dist ribut ion’s cumulat ive EVR161

(CEVR) appropriately. However, the first PC is by far the most influent ial (EVR= 0.49 -162

widest dist ribut ion). Furthermore, the CEVR of the first two PCs already rises to 0.66,163

while including 3 and 4 of the 21 original dimensions explains 75% and 82% of the dataset ’s164

variance, respect ively. After the fourth PC, EVR quickly deflates (PCs 5-9 have EVRs165

of 0.04, 0.03, 0.03, 0.02, 0.02), dropping below 0.01 after the tenth PC (fig. S3). These166

stat ist ics show that four PCs e↵ect ively capture the informat ion in all 21 metrics. Therefore,167

we reduce our 21-dimensional met ric set to these four PCs.168

Of course, t runcat ing the PCA after precisely four components remains somewhat ar-169

bit rary. Yet , this choice st rikes a useful balance between including enough dimensions to170

e↵ect ively describe pat terns and sufficient ly few dimensions to interpret them. This claim171

is visually supported by fig. 3 a) and b) (fig. S3 adds quant itat ive evidence): Combinat ions172

of PC1 and PC2 (fig. 3 a) consistent ly and coherent ly posit ion visually similar (di↵erent)173

scenes close to (far from) each other. PC3 and PC4 (fig. 3 b) ably reveal further dist inct ions.174

Hence, linear combinat ions of these four PCs form an e↵ect ive pat tern descript ion.175
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Are there well defined states of organisation in shallow cumulus convection?

If so, are we happy with sugar, fish , gravel and sugar  , if not how do we proceed ?  ( i.e. defining organisation, evaluating concepual 

models, parameterisations etc)  



How do internal processes influence organisation?

Internal feedback loops Boing et al 2013

This poster Session:

Jule Radtke: relation organisation and precipitation (patterns)
Witte: influence of microphysics
Siebesma internal growth of  humidity fluctuations

Seifert & Heus ACP  (2013))De Roode (2004) : how large is large enough?

25km

How essential is precipitation for organising shallow cumulus convection? 



(How) Does organisation depend on 
environmental (external) conditions?

Bony et al GRL 2019 

This poster Session:

Louise Nuijens : dependance on shear 
Graham Feingold : dependance on aerosols
Heike Schultz: dependance on subsidence, synoptic conditions 
Isabel McCoy: dependance on global warming ( cloud 
feedback!)

FL = Flowers
FI = Fish
GR = Gravel
SU = Sugar

Which are the key external factors that promote certain modes of organisation?

Is cloud organisation mainly internal driven ( upscale) or external driven ( downscale)?



Transitions between different modes of organisation

Cold air outbreak (April 7 2021)

Greenland (April 7 2021)

NL, Ger. Dk

Gravel =>  Flowers (Feb 7 2021) Atlantic Ocean

This poster Session:

Eastman: transition Scu -> Cu , closed open cells

Jan Kazil transition closed open cells

Narenpitak: transition sugar to flower (simulation)

Blossey: transition sugar to flower (simulation)

Siebesma cold air outbreak

Kurowski transition from shallow to deep convection

Feingold transitions in stratocumulus regimes

What do we know now about the transition mechanisms of shallow cumulus convection?



Building Conceptual Models /Parameterisations that
incorporate organisation mechanisms

zb

hc

zt

z0

Combining ”old school” multiplume 

models with:

Cellular automata that let clouds/plumes interact

This poster Session:

Boualem Khouider: stochastic multicloud model
Roel Neggers: interacting plumes
Philip Griewank: plume-plume interaction
Doug Parker; Rainy-Benard Model
Marcin Kurowski interacting multiplume model
Chen cloud-cloud interaction

Dorrestijn et al 2015

How sure are we about the interaction mechanisms that essentially determine the dynamics of conceptual model / 
parameterisation?



Discussion Points for low clouds

What is an appropriate measure for organisation?

Are there distinct organisational modes?

What drives cloud organisation ( external vs Internal, transition)?

Do we have enough understanding to build conceptual models.

How  essential is precipitation for the formation of low cloud organisation

How will the relative frequencies of the various organisation modes change in a warmer 
climate

Will it matter for cloud feedback?

Can the various organisation modes be considered as equilibrium states

To what extent can we simulate it ( explicit or with conceptual lower dimensional models)


