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1.
Terms of reference and methodology for Task 6
1.1.
Terms of reference 

 To assess opportunities for enhancement of the WMO Cloud Atlas afforded by publication in digital form: -

-  (a) determine the need for additional new cloud classifications to be included in the Cloud Atlas      (such as 'asperatus' and 'anthropo'-clouds) and the feasibility of reporting these.

 - (b) assess opportunities afforded for inclusion of more imagery, allowance for clouds appearing differently, etc. 

1.2.
Methodology 

1.2.1.     A sub-team of the Task Team was set up to initially discuss each Task 6 topics (a) and (b). After initial investigations, the sub-team reported its findings to the rest of the Task Team by e-mail, and the topics were further discussed verbally during Task Team web-conferences and by further e-mail communication. 

1.2.2.   Conclusions from some of the other Tasks also fed into the discussions for Task 6. Results of feedback from the WMO Members Survey were also considered. Finally the Task team met in Geneva 18-22 November to finalise the report and recommendations. 

2.      Main points discussed by the Task Team

2.1. General points
2.1.1.     The task Team considered that a new, revised edition of the International Cloud Atlas (ICA) should be the world's authoritative, primary source of cloud classification. It should be fully comprehensive and contain the most up-to-date information.

2.1.2.     To meet the above aspirations, the Task Team concluded that the ICA should:- 

· include all clouds within the Earth's atmosphere, viewed from the Earth's surface. Specifically: in addition to tropospheric clouds, the ICA should comprehensively include high atmospheric clouds - i.e. nacreous / stratospheric clouds, and polar mesospheric / noctilucent clouds. 

· define all names and terms associated with cloud features, even if not necessarily included in the formal classification scheme. 

2.1.3.    The above recommendations will ensure that the new, revised ICA will be the most authoritative and comprehensive cloud classification reference source. It was felt that failure to ensure that a revised Cloud Atlas is fully comprehensive, and therefore failure to meet the needs of all users, professional and amateur, could potentially result in the continued proliferation of other, rival cloud atlases and non-official cloud names. 

2.1.4.     In reviewing the contents of the current ICA, it was noted that some clouds, and cloud features, named and featured in other publications, and/or in common usage, were either:

(a) not included in the ICA at all,

(b) not featured in sufficient detail,

(c) not named, and/or

(d) did not form part of the current classification scheme.

2.1.5.     Following the review of the current edition of the ICA, members of the Task Team  agreed that:

1. there was scope for modernisation of text and cloud classification (Volume 1) and,

2.  inclusion of new, modern photographs and associated text (Volume 2) to generally improve the quality of imagery and also to illustrate a variety of cloud features that are currently not included or classified in the present ICA. 

2.1.6.     The scope for addition of new Imagery includes:- - 

· new photographs to provide more up-to-date, modern examples of clouds, or cloud features,

· new photographs of improved quality in comparision to those in the current ICA, 

· new photographs to show differences in varying geographical and topographical areas ,

· additional photographs to illustrate certain clouds, or cloud features,

· new photographs to illustrate cloud features not previously included in the ICA.

· inclusion of time-lapse images and video clips to show the development of clouds, or cloud features with time.

· Inclusion of appropriate supporting images, such as synoptic charts, satellite images, radio-sonde soundings.

2.2.     Task 6A

The Terms of Reference asked the Task Team  to  determine the need for additional new cloud classifications to be included in the ICA and specifically to consider ‘asperatus’ and ‘anthropo’-clouds.

2.2.1. Asperatus

2.2.1.1. Background to the proposal for ‘Asperatus’: -  'Asperatus' was proposed in 2009 by Mr Gavin Prettor-Pinney, founder of the internet-based Cloud Appreciation Society, as a possible new cloud 'variety'. Mr Prettor-Pinney believes that photographs [e.g. see Reference 1] submitted by members of the Cloud Appreciation Society, from around the world, show a cloud feature that is not currently classified in the International Cloud Atlas (ICA). He has proposed that this apparently dramatic version of the cloud variety 'undulatus' should be known as 'undulatus asperatus'.

2.2.1.2.     After initial representations by Mr Prettor-Pinney to the Royal Meteorological Society, and subsequently following a talk that he gave at the University of Reading, UK, an MSc student (Graeme Anderson) conducted research into the proposed new cloud feature. Mr Anderson's MSc Dissertation - "Asperatus: the Application of cloud Classification to a Suggested New Cloud Type" is published on the Internet at [Reference 2]. Reference 2 was the primary reference document considered by the Task Team, and is the only known published research on this cloud feature to date.

2.2.1.3.     The sub-team Lead for task 6, however, advised Task Team members to be cautious about the conclusions of this research. Opinion was expressed that, based on the photographic evidence and actual surface observations, together with personal observations of Asperatus, that the overall conclusions of this research are flawed as, in his opinion, the researcher had modelled the wrong level in the atmosphere for this feature.  The MSc student had acknowledged difficulty in ascertaining the height of the cloud feature and had made assumptions based on upper-air soundings and satellite imagery. Surface observations of cloud-base using celiometers were not considered by the researcher. The sub-team lead pointed out that when the height of the cloud base actually reported in METAR reports, from the nearest airfields to a number of asperatus sightings mentioned in the research document, was considered, these indicated that the cloud-base was generally between about 4000 FT and 10000 FT - i.e. generally in stratocumulus or in low altocumulus / altostratus, and not at the higher levels assumed by the researcher.  

2.2.1.4. Despite the probable flawed conclusion of the above research, the Task Team noted that it was not essential for the scientific explanation of the formation mechanism to be known for a cloud feature to be included in the ICA.  The supplementary feature 'mamma' , for example, was not understood at the time of its induction into the Cloud Atlas and, even today, a satisfactory explanation for the formation of mamma has still to be confirmed.

2.2.1.5. The Task Team were able to view and consider, at Reference 1, many photographs of the 'asperatus' cloud feature from around the world, collected on the Internet by the Cloud Appreciation Society. Additional images available elsewhere on the Internet were also considered. The Task 6 sub-team Lead member also provided photographs of asperatus in a cloud-base that he had witnessed at a measured height of 4300 FT over Farnborough, UK.

2.2.1.6. The Task Team considered whether any of the current cloud classifications adequately described this feature; in particular the variety 'Undulatus'. Reference was made to the following sections from Volume 1 of the ICA: -  

· Undulatus

Clouds in patches, sheets or layers, showing undulations. These undulations may be observed in fairly uniform cloud layers or in clouds composed of elements, separate or merged. Sometimes a double system of undulations is in evidence.

· II. 3.4.3.


Altocumulus undulatus (Ac un) - CLAYTON 1896, CEN 1930


Altocumulus composed of separate or merged elements, either elongated and broadly 
parallel,or arranged in ranks and files having the appearance of two distinct systems of 
undulations.

· II.3.5.3.


Altostratus undulatus (As un) - CLAYTON 1896, CEN 1930


Altostratus showing undulations.

· II.3.7.3


Stratocumulus undulatus (Se un) - CLAYTON 1896, CEN 1930


A layer composed of fairly large and often grey elements, arranged' in a system of nearly


parallel lines. Transverse lines, crossing the main system are sometimes visible. 
Stratocumulus undulatus occurs in the species stratiformis.

2.2.1.7.  The Task Team concluded that:

· 'asperatus'  is a distinctive feature in the cloud-base as described in the MSc dissertation by Graeme Anderson.

‘A formation made up of well-defined, wave-like structures in the underside of the cloud, similar to undulatus, but with less horizontal organisation. Asperatus is characterised by localised waves in the cloud base, either smooth or dappled with smaller features, sometimes descending into sharp points, as if viewing a roughened sea surface from below. Varying levels of illumination and thickness of cloud can lead to dramatic visual effects.’ 

· it is not adequately described by any of the current cloud classifications of 'varieties' or 'supplementary features'.

· in particular, it is not described by the variety 'undulatus'. Undulatus is reserved for undulations that are either elongated and broadly parallel, or arranged in ranks and files. Photographs of 'asperatus' display little, if any, symmetry.  Reference also the description above from Graeme Anderson's MSc Dissertation.

· The characteristics of Varieties are related to the arrangement of the macroscopic elements of the clouds. 'Asperatus' would be appropriately classified as a 'supplementary feature', in a similar manner to 'mamma'.          

2.2.2.
Anthropogenic clouds
2.2.2.1. In a paper [Reference 3] "Clouds caused by human activities", published in the Royal Meteorological Society's journal 'Weather' in November 2012 (Volume 67:11), J. Mazon, M. Costa, D. Pinto and J. Lorente proposed that clouds clearly arising from human activity should be designated with the prefix 'anthropo-'/(a) to differentiate them from clouds of natural origin. In the case of aircraft condensation trails (contrails) spreading out into cirri-form clouds, the author's proposed that these anthropogenic clouds (anthropo-clouds) should be classified as: anthropoCirrus (aCi), anthropoCirrocumulus (aCc) and anthropoCirrostratus (aCs). In their paper, Mazon et al also consider other examples of clouds produced by human activities, such as anthropoCumulus and anthropoStratus . 

2.2.2.2.  The Task Team accepted that there was a case for the specific classification of clouds caused by human activities. The prime example being that of aircraft condensation trails (contrails). It is well known that in certain atmospheric conditions contrails may persist and, with time, these may then spread under the influence of the upper winds to cover large parts of the sky in cirriform clouds.

2.2.2.3. The current ICA states: -

II.6.3  Condensation trails (contrails)

Contrails are clouds which form in the wake of an aircraft when the atmosphere at flying level

is sufficiently cold and humid. When just formed, they have the appearance of brilliant white

streaks; soon however they show pendant swellings like inverted mushrooms. Often they are

short-lived, but especially when Cirrus or Cirrostratus is present, they may persist for several hours.

Persistent trails spread progressively, frequently forming large patches of fluffy or fibrous clouds,

having the appearance of Cirrus or patches of Cirrocumulus or Cirrostratus; in fact it is sometimes

impossible to distinguish old contrails from these clouds.

II .6.7      PART II - 6. SPECIAL CLOUDS

Clouds resulting from industry

These clouds have very diverse origins; the following are mentioned only as examples: clouds

of smoke and steam in industrial areas, smoke clouds created for frost protection purposes, clouds

of insecticide gas or powders in agricultural areas.

II .6.8

Clouds resulting from explosions

When an explosion is very large, it is usually accompanied by a cloud of smoke and dust.

Above this cloud, velum or pileus are often seen. Sometimes the propagation of shock waves is

manifested by dark rings or bands moving with extreme rapidity.

2.2.2.4. The Task Team noted that the prefix 'anthropo-' is derived from the Greek  word for man-made and expressed the view that it would not be desirable to mix Greek with Latin in the cloud classification scheme. Also the cloud classification scheme utilises suffixes for 'mother-cloud s, rather than prefixes, as per the following sections from the ICA:-

11.7.2.5    DETERMINING THE MOTHER-CLOUD

The determination of the mother-cloud, if any, from which the cloud under observation may

have originated, requires a knowledge of the evolution of the clouds and hence a careful watch

on the sky. The observer should also have recourse to the relevant definitions, descriptions and

illustrations.

No mention should be made of mother-clouds if there is any doubt as to the origin of the

observed clouds or as to the manner of their formation ("genitus" or "mutatus").

II.1.3.5    MOTHER-CLOUDS

Clouds may form in clear air. They may also form or grow from other clouds, called "motherclouds";

two cases can be distinguished.

(a) A part of a cloud may develop and more or less pronounced extensions may form. These

extensions, whether attached to the mother-cloud or not, may become clouds of a genus different

from that of the mother-cloud. They are then given the name of the appropriate genus, followed

by the name of the genus of the mother-cloud with the addition of the suffix "genitus" (e.g. Cirrus

altocumulogenitus, Stratocumulus cumulogenitus).

(b) The whole or a large part of a cloud may undergo complete internal transformation, thus

changing from one genus into another. The new cloud is then given the name of the appropriate

genus, followed by the name of the genus of the mother-cloud with the addition of the suffix "mutatus"

(e.g. Cirrus cirrostratomutatus, Stratus stratocumulomutatus). The internal transformation

of clouds should not be confused with changes in the appearance of the sky resulting from the relative movement of clouds and observer.
2.2.2.5. The Task Team concluded that to classify clouds caused by human activity the Latin word for man, 'hominus' would be prefered to the Greek 'anthropo'. Applying this to the cloud classification scheme as a suffix  gives the mother-cloud 'homogenitus.'  

2.2.2.6. Aircraft condensation trails (contrails) that spread out to form cirri-form clouds could therefore be given the mother-cloud classification: 'homogenitus'. 

For example: cirrus homogenitus, cirrocumulus homogenitus cirrus fibratus homogenitus. 

2.2.2.7.  Reporting of anthropo clouds:

It is suggested that cirri-form clouds arising from the spreading out of aircraft condensation trails could be reported by use of the Synoptic 9 group. Can be added to Code Table 0521 and reported in the synoptic 9 group.
2.2.3.
Clouds features associated with severe convective storms
2.2.3.1.
The task team noted that the present version of the ICA does not provide a comprehensive guide to many specific cloud features associated with severe convective storms. However, "NOAA Technical Memorandum NWS SR-145  -  A Comprehensive Glossary of Weather Terms for Storm Spotters" [Reference 4] contains references to many such cloud features utilised by Storm Spotters and Storm Chasers in the U.S.A.  Such terms not currently recognised in the ICA are:- 

Anvil Dome:
A large overshooting top or penetrating top.

Anvil Rollover: [slang] , a circular or semicircular lip of clouds along the underside of the upwind part of a back-sheared anvil, indicating rapid expansion of the anvil. See cumuliform anvil, knuckles, mushroom.

Back-sheared Anvil: [slang], a thunderstorm anvil which spreads upwind, against the flow aloft. A back-sheared anvil often implies a very strong updraft and a high severe weather potential. 

Barber Pole: 
{slang], a thunderstorm updraft with a visual appearance including cloud striations that are curved in a manner similar to the stripes of a barber pole. The structure typically is most pronounced on the leading edge of the updraft, while drier air from the rear flank downdraft often erodes the clouds on the trailing side of the updraft.

Bear's Cage:
[slang], a region of storm-scale rotation, in a thunderstorm, which is wrapped in heavy precipitation. This area often coincides with a radar hook echo and/or mesocyclone, especially one associated with an HP storm.

The term reflects the danger involved in observing such an area visually, which must be done at close range in low visibility.

Beaver('s) Tail: [slang], a particular type of inflow band with a relatively broad, flat appearance suggestive of a beaver's tail. It is attached to a supercell's general updraft and is orientated roughly parallel to the pseudo-warm front, i.e. , usually east to west or southeast to northwest. As with any inflow band, cloud elements move towards the updraft, i.e., towards the west or northwest. Its size and shape change as the strength of the inflow changes. See inflow stinger.

Spotters should note the distinction between a beaver tail and a tail cloud. A 'true' tail cloud typically is attached to the wall cloud and has a cloud base at about the same level as the wall cloud itself. A beaver tail, on the other hand, is not attached to the wall cloud and has a cloud base at about the same height as the updraft base (which by definition is higher than the wall cloud). Unlike the beaver tail, the tail cloud forms from air that is flowing from the storm's main precipitation cascade region (or outflow region). Thus, it can be orientated at a large angle to the pseudo-warm front.

Cloud Tags: ragged, detached cloud fragments, fractus or scud.

Collar Cloud: a generally circular ring of cloud that may be observed on rare occasions surrounding the upper part of a wall cloud.

Cumuliform Anvil: A thunderstorm anvil with visual characteristics resembling cumulus-type clouds (rather than the more typical fibrous appearance associated with cirrus). A cumuliform anvil arises from rapid spreading  of a thunderstorm updraft, and thus implies a very strong updraft. See anvil rollover, knuckles, mushroom.

Feeder Bands: Lines or bands of low-level clouds that move (feed) into the updraft region of a thunderstorm, usually from the east through south (i.e. parallel to the inflow). Same as inflow bands.

Inflow Bands: (or Feeder Bands) - Bands of low clouds, arranged parallel to the low-level winds and moving into or towards a thunderstorm. They may indicate the strength of the inflow of moist air into the storm, and, hence, its potential severity. Spotters should be especially wary of inflow bands that are curved in a manner suggesting cyclonic rotation; this pattern may indicate the presence of a mesocyclone.

Inflow stinger: A beaver tail cloud with a stinger-like shape.

Knuckles: [slang], lumpy protrusions on the edges, and sometimes the underside, of a thunderstorm anvil. They usually appear on the upwind side of a back-sheared anvil, and indicate rapid expansion of the anvil due to the presence of a very strong updraft. They are not mammatus clouds. See also cumuliform anvil, anvil rollover.

Mushroom: [slang], a thunderstorm with a well-defined anvil rollover, and thus having a visual appearance resembling a mushroom.

Orphan anvil: [slang], an anvil from a dissipated thunderstorm, below which no other clouds remain.

Overshooting Top (or Penetrating Top): A dome-like protrusion above a thunderstorm anvil, representing a very strong updraft and hence a higher potential for severe weather with that storm. a persistent and/or large overshooting top (anvil dome) often is present on a supercell. A short-lived overshooting top, or one that forms and dissipates in cycles, may indicate the presence of a pulse storm or a cyclic storm. 

Penetrating Top: same as overshooting top.

Rain foot: [slang], a horizontal bulging near the surface in a precipitation shaft, forming a foot-shaped prominence. It is a visual indication of a wet microburst.

Scud (or Fractus): Small, ragged, low fragments that are unattached to a larger cloud base and often seen with and behind cold fronts and thunderstorms gust fronts. Such clouds generally are associated with cool moist air , such as thunderstorm outflow.

Shelf cloud: A low, horizontal wedge-shaped arcus cloud, associated with a thunderstorm gust front (or occasionally with a cold front, even in the absence of thunderstorms). Unlike the roll cloud, the shelf cloud is attached to the base of the parent cloud above it (usually a thunderstorm). Rising cloud motion often can be seen in the leading (outer) part of the shelf cloud, while the underside often appears turbulent, boiling, and wind-torn.

Tail cloud: a horizontal, tail shaped cloud (not a funnel cloud) at low levels extending  from the precipitation cascade region of a supercell towards the wall cloud (i.e. it usually is observed extending from the wall cloud towards the north or northeast). The base of the tail cloud is about the same as that of the wall cloud. Cloud motion in the tail cloud is away from the precipitation and towards the wall cloud, with rapid upward motion often observed near the junction of the tail and wall clouds.

Compare with the beaver tail which is a form of inflow band that normally attaches to the storm's main updraft (not to the wall cloud) and has a base at about the same level as the updraft base (not the wall cloud). 

Turkey Tower: [slang], a narrow, individual cloud tower that develops and falls apart rapidly. The sudden development of turkey towers from small cumulus clouds may signify the breaking of a cap.

Wall cloud: a localised, persistent, often abrupt lowering from a rain-free base. Wall clouds can range from a fraction of a mile up to nearly five miles in diameter, and normally are found on the south or southwest (inflow) side of a thunderstorm. When seen from within several miles, many wall clouds exhibit rapid upward motion and cyclonic rotation. However, not all wall clouds rotate. Rotating wall clouds usually develop before strong or violent tornadoes, by anywhere from a few minutes up to nearly an hour. Wall clouds should be monitored visually for signs of persistent, sustained rotation and/or rapid vertical motion. 

2.2.3.2. A further example of the use of such terms/names is provided by the book [Reference 5]  Tornado Alley, by Howard B. Bluestein; Oxford University Press (1999); ISBN 0-19-530711-9. The following terms are referred to in the book: 


Bear’s cage:   page 53


Orphan anvil:  page 42


Scud:              page s 45 & 48


Shelf cloud:    pages 26- 27

Tail cloud:       pages 10, 45-48, 84, 89

Turkey tower: pages 41-42

Wall cloud:      multiple references through the book.
       

2.2.3.3. The Task Team considered whether any of the specific cloud features associated with severe convective storms should be included in the ICA, and whether new classification was necessary. The team concluded that, to be a comprehensive reference publication, the ICA should include such terminology, and that the inclusion of images to illustrate the features was also desirable. It was concluded that a Glossary should be included for this purpose and should be illustrated with images . 

2.2.3.4. Furthermore, some of the cloud features were deemed to be particularly visually distinctive, and/or important for the identification of potential severe weather as to warrant induction into the cloud classificatin scheme. Specifically, the team concluded that the features ‘Wall Cloud’, ‘Beaver’ and ‘Tail cloud’ should be given the formal classification of 'supplementary features'.   

2.2.4.
Stratospheric and mesospheric clouds 

2.2.4.1. Stratospheric and mesospheric clouds are only covered briefly in the present ICA under the heading of 'Special clouds'. For example, in Volume 2 there is only one photograph depicting noctilucent cloud, and two photographs illustrating nacreous cloud. Furthermore, the text for these high atmosphere clouds is now out-of-date. The Task Team considered the need for additional imagery with regard to illustration and inclusion of the cloud classification scheme for these high-atmospheric clouds.

2.2.4.2. The Task Team considered that the reference to these in the current ICA as 'special clouds' was no longer appropriate. These are not so much 'special clouds' but are non-tropospheric, high-atmospheric clouds, and is suggested that they should be noted as such in the ICA in a section for high-atmosphere clouds.

2.2.4.3. 

The Task Team noted that:


(a) a full classification scheme for Noctilucent Clouds is available as [Reference 6]  - The International Noctilucent Cloud Manual (dated 1970) - WMO 250 TP138.


(b) The Internet site  http://www.nightskyhunter.com/Noctilucent%20Clouds.html   [Reference 7] provides an excellent example of how the classification scheme for noctilucent clouds could be displayed extremely effectively.


(c)  The Internet site - The NLC Homepage [Reference 8]-   http://www.mcewan.co.uk/nlc/   is an internet forum for the reporting of Noctilucent clouds. It utilises the above classification scheme. For example; see [Reference 9]:  http://www.mcewan.co.uk/nlc/archive.htm   for an archive of observations.


(d) in addition, the above classification scheme for noctilucent clouds is utilised by other collection centres, such as the British Astronomical Association. See [Reference 10]    xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

2.2.4.4. The Task team concluded that the Noctilucent Cloud classification scheme should be included in the ICA and should be suitably illustrated with additional imagery in a manner similar to the 'best practice' illustrated by Reference 7.

2.2.5.     Contrails

2.2.5.1. Contrails were considered as part of the discussion on anthropogenic clouds. See section 2.2.2. ……….
2.2.5.2.  Volume 2 of the current ICA contains only two photographs of aircraft condensation trails (contrails). The Task Team considered whether there was scope for the inclusion of more imagery of contrails, such as in various stages of development, and especially with regard to the proposal for classification of 'anthropo'-clouds.

2.2.6.     Fallstreak holes or Hole-Punch clouds
2.2.6.1.  Fallstreak holes, also known as Hole-punch clouds, were first identified in the 1940's- 1950's. [e.g. see Reference 11] Fall-streak Holes, by F.H.Ludlam; Weather Vol X1, No.3 (March 1956).

The feature is distinctive and consists of a typically circular hole formed in a thin layer of super-cooled altocumulus or cirrocumulus cloud by the glaciation of super-cooled cloud droplets. Usually fallstreaks of ice crystals fall beneath the hole. 

Similarly, If glaciation is initiated in a dissipation trail (distrail) caused by an aircraft, then the hole may be in the form of a linear feature rather than a circular feature.  The Task team considered whether these distinctive cloud features should be included in the ICA. 

2.2.6.2.
The Task Team concluded that Fallstreak Holes or (Hole-punch clouds) were a visually distinctive feature that occurred occasionally in thin layers of altocumulus and cirrocumulus clouds. The team concluded that is could be given the status in the cloud classification scheme as a 'supplementary feature'

2.2.6.3. The team suggests that the names 'fallstreak hole' and 'hole-punch cloud' should appear in a glossary within a new edition of the ICA.  

2.2.6.4. The Latin word 'cavus' or  'cavum'  (hole, hollow) is suggested as a name for the supplementary feature    

2.2.7. 
Clouds associated with fires, volcanic eruptions and industry
2.2.7.1.     Fires, volcanic eruptions, industry

Clouds associated with fires, volcanic eruptions and industry are covered briefly within the present ICA. The Task Team considered:

 -   (a) whether there was a need for specific classification of such clouds; particularly with regard to the proposal for classification of 'anthropo'-clouds, but also noting that names such as pyro-cumulus, pyro-cumulonimbus and fumulus have been in common usage for many years, but are not included in the current ICA or classification scheme. 

-   (b) what additional imagery should be included in the ICA.  

2.2.7.2.
These clouds were considered, in part, in discussions relating to the proposal for ‘anthropo-clouds’.  Unofficial names, such as pyrocumulus, pyrocumulonimbus and fumulus, have been widely used over a number of years in english language publications.

2.2.7.3.
The Task Team noted however that the prefix ‘pyro-‘ is derived from the Greek word for fire and that it would not be desirable to mix Greek with Latin in the cloud classification scheme.  Also, the cloud classification scheme utilises suffixes, rather than prefixes. The Task team concluded that:

a) For the ICA to be a comprehensive reference document, It was desirable to include these unofficial terms (illustrated with photographs) within a Glossary which should be included within a new ICA,

b) However, for official classification, the prefix pyro- (from Greek language, pyr meaning fire) should not be used to classify such clouds. Official classification within the ICA will need to be compliant with the existing classification scheme, based on the use of suffixes derived from Latin, such as the already used Mother-clouds  –genitus and -mutatus.           

c) Where it is observed that cumulus, or cumulonimbus clouds, are generated  specifically due to thermals rising from fire (e.g. forest or wild fires), pyrocumulus and pyrocumulonimbus clouds could be given the following official 'Mother-cloud' classifications (derived from the Latin ‘flamma’ for fire): 


Pyrocumulus:    
cumulus  flammagenitus


Pyrocumulonimbus:   
cumulonimbus flammagenitus

Alternatively, the Latin ‘ignis’ also for fire, could be used. Thus;


Pyrocumulus:

cumulus ignigenitus


Pyrocumulonimbus: 
cumulonimbus ignigenitus

Thus, for example, a large cumulus cloud generated as a result of a wild fire (e.g. see front cover of the RMetS journal 'Weather' (November 2012) Vol 67 No.11)  could be classified as 'cumulus congestus flammagenitus'

d) The same classification could also be utilised for convective clouds arising from volcanic eruptions. 

e) Alternatively, convective clouds arising from volcanic eruptions, could utilise a suffix derived from the Latin for volcano .  ????   Thus, we have :  ?????

f) Convective clouds (cumulus) generated by rising thermals immediately above the cooling towers at electrical power generating plants, commonly known as ‘fumulus’, could also use the above classification, cumulus flammagenitus, or alternatively utilise the Latin for ‘heat’ -   ?????    
2.2.8.
Orographic clouds
2.2.8.1. It was noted that although the 'Banner cloud' on the Matterhorn is shown in a photograph the current ICA, it is displayed in a section titled 'Clouds seen from aircraft', and the caption merely refers to it as 'orographic cloud (smoking mountain).

2.2.8.2. The name 'Banner cloud' has been in common use for many years and is quoted as such in many English language publications. There are other well-known clouds, such as the Levanter (off the Rock of Gibralter) and the Table cloth (Table Mountain, South Africa).

2.2.8.3. The Task Team suggests that these (and other well-known orographic clouds) should be specifically named  within the ICA (e.g. in the Glossary), and photographs should be included. 

2.2.9. 
Roll clouds

2.2.9.1. The Task Team considered that the Supplementary Feature ‘arcus’ does not correctly describe undular bore clouds, such as the Morning Glory of the Gulf of Carpentaria. These soliton, roll clouds, are not unique to any part of the world, and are not attached to parent clouds.    

2.2.9.2.   Roll clouds are recognized in the ICA Volume I. 

II.3.7.2

SPECIES

Stratocumulus stratiformis (Sc str)

Rolls or large rounded masses arranged in an extended sheet or layer. The elements are more or less flattened. This species is the most common.

Sometimes, notably in the tropics, Stratocumulus stratiformis occurs in the form of a large single roll (roll cloud)

2.2.9.3. This is a unique application of the species stratiformis. How can “sheet or layer” be used to describe a roll cloud?

II.2.3.2

SPECIES

Stratiformis 

Clouds spread out in an extensive horizontal sheet or layer. 
This term applies to Altocumulus, Stratocumulus and, occasionally, to      
Cirrocumulus.

 2.2.9.4. Any google search will find numerous references to roll clouds where they are identified as “arcus roll clouds”.   

e.g. Wikipedia:

“A roll cloud is a low, horizontal, tube-shaped, and relatively rare type of arcus cloud. They differ from shelf clouds by being completely detached from other cloud features.”
This is incorrect use of the supplementary feature Arcus:

II.2.3.4
(a) Supplementary features

   Arcus

A dense, horizontal roll with more or less tattered edges, situated on the lower front part of certain clouds ……. dark menacing arch.
2.2.9.5. Conclusions:

1) Add volutus (or appropriate latin name) as a new cloud species.

2) Failing this, re-define arcus to remove reference to the cloud being attached to the lower front part of other clouds and note that a arcus roll cloud can sometimes have the appearance of a menacing arch. 

2.2.10.
Kelvin-Helmholtz waves
2.2.10.1.  Kelvin-Helmholtz waves can result in circumstances when there is velocity wind shear across the top surface of clouds. The Task Team considered whether this distinctive feature should be classified as a ’supplementary feature’.

See References 27 & 28 for photographs of this cloud feature. 

2.2.10.2.  The Task Team concluded that the distinctive cloud feature known as 'Kelvin-Helmholtz waves' should be classified in the ICA as a ‘supplementary feature’. The latin ‘fluctus’ (meaning: wave / billow) is suggested as a suitable name.   

2.2.11. Meteors

Insert discussion here     xxxxxxxxxxx

3. Recommendations

3.1.
Recommendation 1
3.1.1
 The International Cloud Atlas (ICA) should cover all clouds within the Earth’s atmosphere, viewed from the Earth’s surface, including the high-altitude, non-tropospheric clouds in the stratosphere and mesosphere.  

3.1.2.
Text associated with nacreous/ stratospheric clouds and noctilucent / polar mesopheric clouds  should be updated and additional photographs included. These clouds should be removed from the section ‘Special clouds’ and inserted into a new section specifically covering stratospheric and mesospheric clouds.  

3.1.3
The full cloud classification scheme for Noctilucent clouds should be incorporated into the ICA. Each noctilucent cloud class illustrated fully with new photographs.   

3.2 Recommendation 2

3.2.1.
A ‘Glossary’ should be included within the ICA to include cloud terms & names which do not form part of the official cloud classification scheme, but which nevertheless have been widely recognised over many years. This Glossary should be illustrated with photographic examples of the various features and should include:

a) terms/names of cloud features associated with Severe Convective Storms, such as those contained within  NOAA Technical Memorandum NWS SR-145  -  A Comprehensive Glossary of Weather Terms for Storm Spotters.

b)  Other widely recognised, non-official, names, such as pyrocumulus, pyrocumulonimbus, fumulus, fallstreak-holes (Hole Punch clouds), Kelvin-Helmholtz waves.
c) The glossary may also include widely recognised names for certain clouds of geographic importance around the world. Main examples from each continent should provide a fair geographic spread. Examples include: -  

The Banner cloud (the Matterhorn, Switzerland) 

The Levanter (Rock of Gibralter)

Table Cloth (Table mountain, South Africa)

The Morning Glory (Australia)

Recommendation 3:

a) Add Asperatus into the cloud classification scheme as a new Supplementary feature.

b) Adopt the latin name ‘Asperatus’.

c) This supplementary feature will apply to the genera  stratocumulus & altocumulus.

d) Description:  ‘A formation made up of well-defined, wave-like structures in the underside of the cloud, similar to undulatus, but with less horizontal organisation. Asperatus is characterised by localised waves in the cloud base, either smooth or dappled with smaller features, sometimes descending into sharp points, as if viewing a roughened sea surface from below. Varying levels of illumination and thickness of cloud can lead to dramatic visual effects.’ 

Recommendation 4

Clouds associated with fires, volcanic eruptions and industry.

a) Add ‘flammagenitus’ as a new 'Mother-cloud' to the cloud classification scheme to describe cumulus and cumulonimbus clouds  specifically resulting from forest fires & wildfires (commonly known as procumulus). Thus the clouds are cumulus flammagenitus and cumulonimbus flammagenitus. 

* (Alternatively, the Latin ‘ignis’ also for fire, could be used to give cumulus ignigenitus and cumulonimbus ignigenitus).

b) The same classification should also be utilised for convective clouds arising from volcanic eruptions. Alternatively, convective clouds arising from volcanic eruptions, could utilise a suffix derived from the Latin for volcano .  xxxx   Thus, we have :  

 Convective clouds (usually cumulus) generated by rising thermals immediately above the cooling towers at electrical power generating plants, commonly known as ‘fumulus’, could either also use the above classification, cumulus flammagenitus, or alternatively utilise the Latin for ‘heat’ -   xxxxxxx    
Recommendation 5

a) Add ‘Wall Cloud’, associated with severe convective storms into the cloud classification scheme as a new Supplementary Feature.

b) Adopt the latin name ‘murus’.  (wall)

c) This supplementary feature will  apply to the genus cumulonimbus only.

d) Description: ‘A localised, persistent, often abrupt lowering from a rain-free base. Wall clouds can range from a fraction of a mile up to nearly  five miles in diameter, and normally are found on the inflow side of a thunderstorm. When seen from within several miles, many wall clouds exhibit rapid upward motion and cyclonic rotation. However, not all wall clouds rotate. Rotating wall clouds usually develop before strong violent tornadoes.’

Recommendation 6

a) Add ‘Beaver Tail ’(associated with inflow into severe convective storms),  into the cloud classification scheme as a new supplementary feature.

b) Adopt the Latin name 'castor'  (Beaver)         
c) This supplementary feature will apply to the genus cumulonimbus  only.

d) Description: ‘A particular type of inflow band with a relatively broad, flat appearance suggestive of a beaver’s tail. It is attached to a supercell’s general updraft and is orientated roughly parallel to the pseudo-warm front. Cloud elements move towards the updraft. Its size and shape change as the strength of the inflow changes. It is not attached to the wall cloud and it has a cloud base higher than the wall cloud at about the same height as the updraft base.’ 

Recommendation 7

a) Add ‘Tail cloud’ (associated with severe convective storms) into the cloud classification scheme as a new supplementary feature. 

b) Adopt the Latin name 'clauda'  (tails).

c) This supplementary feature will apply to the genus cumulonimbus only.

d) Description: ‘A horizontal, tail shaped cloud (not a funnel cloud) at low levels extending from the precipitation cascade region of a supercell towards the wall cloud. The base of the tail cloud is about the same as that of the wall cloud. Cloud motion in the tail cloud is away from the precipitation and towards the wall cloud, with rapid upward motion often observed near the junction of the tail and wall clouds.’

Recommendation 8

a) Add the soliton, gravity-wave, undular bore, ’Roll Clouds’ (typical of the Morning Glory) into the cloud classification scheme as a new Species.

b) Adopt the latin name ‘volutus’. 

c) This species will apply to the genus Stratocumulus only.

d) Description:   ?????????????
Recommendation 9

a) Add Kelvin Helmholtz waves into the cloud classification scheme as a new Supplementary Feature. 

b) Adopt the Latin name ‘Fluctus’. 

 c) This supplementary feature will apply to the genera: stratus, stratocumulus,  altocumulus.    

d) Description:  xxxxxxxxxxxxxxxxxxxxxxxxx

Recommendation 10

a) Classify man-made clouds in the cloud classification scheme (e.g. cirri-form clouds caused by the spreading out of contrails)

b) Adopt 'homogenitus' as a 'mother-cloud' classification.

Recommendation 12
Meteors  ??????????????????
recommendation 13

Reporting of man-made cirrus

