14.Clouds3

\Wednesday, March 7, 2018 6:46 PM
Today:
Clouds from instability, orographics and weather systems

Admin stuff:

Shower curtain project
Article on ice formation
Email on posting details?

http://weather.uwyo.edu/upperair/sounding.html

Clouds = droplets or ice MOVING UPWARDS

Lift mechanisms:

1. Instability

2. Orographics: terrain, mountains

3. Synoptic scale weather systems. Both at warm and cold fronts; cold air pushes
under in a cold front, warm air overruns in a warm front.

4. Convergence: shoreline temperature differences

CUMULONIMBUS

e e
3 OCUMULUD:
s

STRATUS

Clouds classified by
A. Structure: stratus = flat layers, cumulus = clumps
B. Base height: (ke
a. low: up to 6500 ft (above ground, not from sea level) and vertically developed (includes
cumulonimbus)
b. middle: 6500 to 23,000 ft (& -7 ko)
c. high: 16,000 to 45,000 OVERLAP (49— HM)
Cirrostratus: bright, no observable thickness, thin, uniform veil
Altostratus: darker, may have noticeable thicker regions
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http://weather.uwyo.edu/upperair/sounding.html

Classification guide, one of many

¢ Cloud image submission: Include

1) your edited image

2) your original (unedited) image

3) the appropriate Skew-T diagram

4) a short statement of cloud type and stable or unstable atm.

5) Post on Flowvis.org. Edit your post date to match your cloud date
and time.

Clouds = droplets or ice MOVING UPWARDS

Lift mechanisms:

1. Instability: creates Cumulus clouds

2. Orographics: terrain, mountains

3. Synoptic scale weather systems; local instability. Both at warm and cold
fronts; cold air pushes under in a cold front, warm air overruns in a warm
front.

4. Convergence: shoreline temperature differences and cyclonic uplift

1. Instability driven clouds

Principle Process for Heating Our Atmosphere

Shortwave radiation LongwavelELEL Ll

Incoming Convection
Solar F g

Radiation

R/ Il \ G
ﬁonduction

If atmosphere is UNSTABLE, the heated air will
continue to go up!
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Cumulonimbus

Towering Cumulus Stage Mature Stage ; Dissipating Stage

http://www.k3jae.com/wxstormdevelopment.p
hp

- s - /
Dark ground (plowed field etc.) can create
local hot spot, starting a thermal. Mountain

uplift can also trigger start of cycle.

Thunderstorm anatomy, visible in Mike Olbinski's time lapse Monsoon IV: https://vimeo.com/239593389?ref=fb-share&1

1) Cumulus joined together, caused by an

Stratocumulus inversion, a stable layer that stops upward

Formation mechanisms: ~ convection
2) Stratus broken up. Top reflects UV, visible
http://www.flowvis.org/category/flow-categories/clouds/stratocumulus/ I|ght, COOIS (maybe radlates IR to Space)_

Bottom absorbs IR from the earth, warms
Cool on top, warm on the bottom = unstable,
wants to turn over, breaking up stratus layer.
Stratocumulus stratiformus

at-! 1131 -a-m/

Partial rule of thumb
Cumulus = from instability; local uplift
Stratus = more stable, from widespread uplift
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http://www.k3jae.com/wxstormdevelopment.php
http://www.k3jae.com/wxstormdevelopment.php
http://www.flowvis.org/category/flow-categories/clouds/stratocumulus/
http://www.flowvis.org/2013/04/11/stratocumulus-boulder-co-18th-of-february-2013-at-1131-a-m/
http://www.flowvis.org/2013/04/11/stratocumulus-boulder-co-18th-of-february-2013-at-1131-a-m/
https://vimeo.com/239593389?ref=fb-share&1

Partial rule of thumb Earth
Cumulus = from instability; local uplift

Stratus = more stable, from widespread uplift
These are GENUS

For info on Species, Varieties and Accessory Clouds, see

Interesting book on how clouds were first classified and
named ~1804, by Luke Howard

Richard Hamblyn, The Invention of Clouds: How an Amateur Meteorologist Forged
the Language of the Skies (Picador, 2002).

Another rule of thumb (fingers,really)

Measure cloud element size with hand outstretched.
Cirrocumulus= elements smaller than one finger width
Altocumulus = elements between one and three finger widths
Cumulus = elements larger than three finger widths.

2: Orographic clouds, caused by topography, i.e. mountains
Most common interesting cloud in spring is the

§mmiw'rv7

BN

Altocumulus lenticularis (higher than 6500 ft above local ground level) /AC S

or 7

Stratocumulus lenticularis (lower)
or
Mountain Wave Cloud, trapped or lee

requires STABLE atmosphere: note exception to unstable/cumulus pairing

SANDING  WAVE

Clouds Produced by Vertically Trapped Mountain Waves

U T T ——

Thomas Carney et al., T ]
AC 00-57 Hazardous ——
Mountain Winds and e

Their Visual Indicators
(Federal Aviation e
Administration, 1997),

T

http://rgl.faa.gov/Regul
atory and Guidance Li
brary/rgAdvisoryCircular [

T e ———
.nsf/0/780437D88CBDA
FD086256A94006FD5B8
——————
?0penDocument.
e

Clouds that sit right
on the Divide =

— FOEHN cloud wall. _____,/\/\/\/\
From air being forced up over/g;:\::x\
T L I "

{

)

the mountains
By

Altocumulus lenticularis. Typically 1 to 5 wave crests.

Clouds stay stationary, but may move off and reform periodically
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http://rgl.faa.gov/Regulatory_and_Guidance_Library/rgAdvisoryCircular.nsf/0/780437D88CBDAFD086256A94006FD5B8?OpenDocument
http://rgl.faa.gov/Regulatory_and_Guidance_Library/rgAdvisoryCircular.nsf/0/780437D88CBDAFD086256A94006FD5B8?OpenDocument
http://rgl.faa.gov/Regulatory_and_Guidance_Library/rgAdvisoryCircular.nsf/0/780437D88CBDAFD086256A94006FD5B8?OpenDocument
http://rgl.faa.gov/Regulatory_and_Guidance_Library/rgAdvisoryCircular.nsf/0/780437D88CBDAFD086256A94006FD5B8?OpenDocument
http://rgl.faa.gov/Regulatory_and_Guidance_Library/rgAdvisoryCircular.nsf/0/780437D88CBDAFD086256A94006FD5B8?OpenDocument
http://rgl.faa.gov/Regulatory_and_Guidance_Library/rgAdvisoryCircular.nsf/0/780437D88CBDAFD086256A94006FD5B8?OpenDocument

Ben Britton, FV 2010

If there's more wave crests, or short wavelengths, it's probably NOT a mountain
wave cloud; more likely altocumulus undulatus, from gravity waves in the
atmosphere, like ripples on a liquid surface.

http: www.colo MCEN/flowvis/galleries/2007/assignment2.html

.
“"‘K.. e
e

"N

s

Tracy Eliasson FV 2007

Could also be from wind shear, via the Wz instability

‘—@ Rare to be able to see cross section like this

—r

http://cloudappreciationsociety.org/collecting/terry-robinson/
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http://www.colorado.edu/MCEN/flowvis/galleries/2007/assignment2.html
http://cloudappreciationsociety.org/collecting/terry-robinson/

Minute paper: Which way is the wind going?
Where is it faster?

Colin Stewart FV 2012 Clouds 1

; FoEeHN
ow‘*éw?)

KﬁTAﬁ AT\C/

Foehn clouds suggest winds coming over the mountains: the presence
of a CHINOOK (pre-cold-front, warm, strong, downslope winds, or a
BORA (post-cold-front, cold, strong, downslope winds). Also called cap
clouds.

Pyrocumulus = cloud formed at the top of a wildland fire smoke
plume.

3: Synoptic uplift = weather system clouds.

Weather system progressions; 'synoptic scale' uplifts (1000 km across).
Any type of cloud is possible.

Inserted from: <file://C:\L L anned images' tif>
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file://C:/Users/hertzber/Documents/01CLASSES/FlowVis/Content/scanned images/TypWeatherSystem.tif

The Cloudspotter’s Guide pg186 THE HIGH CLOUDS

Warmer air tﬁcntly
overriding the colder
(known as a warm

D 0%
.

.

Colder air
pushing

underneath
the warmer
air (known as
a cold front)

o and as it
m

1o see the follmz'ng cloud Ypes:

Sifrus. Large areas lift all together = stratus clouds

ST,(,@(E

Altostratus

ungtabl
some

instability ‘Cold fron

2 ‘Warm front’
How cloud formations can develop e

as a region of low pressure, or ‘depression’, passes over.
Those who think this looks complicated will be depressed to learn
that it is in fact a very simplified diagram of a weather system.

?(‘e%\)rc e ><7“X
m(f&%z PreCIP
/ N
|
[ wiem — (pLi) FRONT Time.
W AN
oLb
L LD
b &
/) o / —
\o 0CCLUDED
S ectuneo oot
Wind shift across front

d

oy
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/) _
v /\[/ / Wind shift across front

Low Pressure System: Air tries to move into low
~—— Coriolis makes it turn left = counterclockwise CYCLON 1C

circulatio

High pressure system: Air tries to move out.
Coriolis makes it turn right = clockwise

circulatio

n. Typically unstable.

n. Weak or nonexistent fronts, so no

instability.

ANTI CY Lot C

Diverge

Idealizess depection af the support that divergence and canvergence alaft pravide to cyclanic and
anticychinic circulation at the surface.

nce aloft creates convergence and lift at

surface. Pumping action.

4: Convergence uplift along shorelines

L AnD

warms quickly,
air rises,
pressure drops

Sei
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http://earth.usc.edu

L

~stott/Catalina/Wea
therPatterns.html

Cool sea breeze is pulled in
during daytime.

Land or shore breeze
happens at night, when
land cools more rapidly


http://earth.usc.edu/~stott/Catalina/WeatherPatterns.html
http://earth.usc.edu/~stott/Catalina/WeatherPatterns.html
http://earth.usc.edu/~stott/Catalina/WeatherPatterns.html
http://earth.usc.edu/~stott/Catalina/WeatherPatterns.html

Also see

CloudClassificationTable.pdf; Copyrighted, but available in D2L.
—_— —

Cloud types for observers (PDF, 4 MB) - Met Office 45 pgs

the Cloua L&\Q%DE@EJ\&] !S’}.,JM S N TABLE
A, & R et o Trbuin Thmes s Wi 0 e
used for plants and animal), which is based an theie heights and appeacance.
Mast clouds fall into: ane af ten asic groups, koown & “peners’. They can faree
b defined ar one of the possible pecees toe tha geaus, and asy cambinatis of
ibie ‘wacieiies” Theee ace alsa various accesory couds and supglementacy

eaames that somesimes appear im companction with the main cad fpes,
{IFall this Latm fresks you nut, don't woery - # freaks me our 100

2018 Sp Page 9

Land or shore breeze
happens at night, when
land cools more rapidly
than the water.

Note: winds are named for
where they come from


http://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCYQFjAA&url=http%3A%2F%2Fwww.metoffice.gov.uk%2Fmedia%2Fpdf%2Fr%2Fi%2FCloud_types_for_observers.pdf&ei=q5UDU4OuBfP7yAHUjYG4AQ&usg=AFQjCNGpHjK0B3nVOQwwdnb8wfPJcGfhOw&bvm=bv.61535280,d.aWc

Hl‘.l\&' TO SPOT

CUMULUS CLOUDS

umubas are bow, detached, puffy clouds
Cu—.u develop verically in rising mounds, 2000-3.000%
wEnr TEy Fms:
domes or tawers, and have gererally flat bases. i wepn
n resembile caulifiowers
eflecting
iht, s the sun
| is behind them, Cumulis tend to be sandomly
scanered acrass the sky.

FrmCAL AtTTTUDE:

_ Camuhn momess

CUMLLLS SPBCH [ s VARIETIES:
[ —

westical eaten. They
took Banened and

Top rghtt Miher! Badin Treios 137 Dostess: Pl Cioeper frmrmsbor 1138

| HOW TO SPOT

CUMULONIMBUS CLOUDS

C.un.llummbm are thunderitoem closds, | TmeaL aTmonet;
2,00 5,
charac theeir enoamsous height, 000-45, D00
WHERE THEY ORI
al enciagh 10 peach the 105 | S o o
in | st vemperate repronn
phames of ice pasticls that can appear smo Fare in polar zes.
fibraus ar striared. They have dack bases and i
- (llM:IIIN: GROUND):
praducs heavy showers - oéten Heay downpours
can be accompanied by thunder and I.g,'"'\lr\;

'
I
[
[
UMUL R Arke

The twe species are dis *
. ©
2 L]
i 3
£ F
R
5
o
L3

uhoeimbas often develags. Seen
frm a distance, the cloud i said 10 v
vt chasgged it s Cumulonimbus a
when pars of s upger region begin =

s ke o m.nm.-,.ﬂng-. due 1o the
deaplets frees cryitals. -
Thunder, lightning urhll will abo an
~ b
o

* These approsemare altitu:
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HOW TO SPOT

STRATUS CLOUDS

G e ke
ol i, with ey difiane

cudgen The are e koweai Gormicg
of 4l the
srpearing ot grosd beed, whs
arc clled fog o i

s ey

rwe o By far e s o, when i

oracta S the laper o ek sacagh o
chnglay ik

Thscm: Fhn £ 8 i gk 0 thes
e chmbae o e v

ot red s e,

HOW TO SPOT

STRATOCUMULUS CLOUDS

Sr|.|lulumu|u\ are low layers o patches of
chonsd, with well-defined bases, They ane
usisilly comgned of clumps ar rolls, and ofien
show saroeg visiations in tone - from beight
white 10 dark grey. Their cloud elemments may
be jained into continuaus, unhraken layers ar
have gaps between them

Occasicaaty light i,
o pl

pa
tube of

e ol

v flatter g,
armocumus: which i
2 mid-leved i

oo, clonders These appear
Thansupcnus: When i is thin eoough o show the | smaller t5an the

cuitling of the a r maan atccumua e,
remucanus: When there are gags beveeen the chond | which - booking sbove
wlements W fram the hosizon -

DarrLicATs: When thers are layen ar differeen
alfirades, somerimes partly merped

enuaTS: When the dements are hekd at am’s bengi

parallel lines. straTus: which is a low,
wantarui Whan lines of closely bunched eleme edntimct layer, with
appeat 10 converge towaesh the husizon mach e vaitilsce
tacymosus; When the layer chows large nes- 1one and less definicion

frangend with el tha umulur

* Thene approvimene dhinades (hove the mrface) are for micHutinde segioas
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HOW TO SPOT
ALTOCUMULUS CLOUDS L
Inocurmnubus are micklevel lavers or paiches | TYPCAL avrrTUDEr; b
A.rx' cloudlets, in the shape af rounded 6:500- 18000
i WHERE THEE FORM:
chumps, rolls ar almands/lenses. These ane Wonldeide o
white ar grey, and the sides away f RRCIFTATION 4
arc shaded. Aliocamulus are wsally composed | REACHENG Shausnh t
of droplets, but may ali contam ice cystals, | Y el e
igh n
ATOCL ML R o
sTaaTirORMis: Mos B
mman, when the M
audlirs nd aves b
2 large ama !
i [
ihan appeas e, u(h
promcunerd ¢
Lawus: When '
T chudles hve
wrenllated tap. .
ruoccuy; Wen the ¢
dicudlen are Cumulys- .
like s, with eagged
ases, offen with fibrous ¢
il fvga) of e - 1
crysals fallig below. e —— Ao foon | i
i i
ver is thick enogh o complerely mark the sun or moon E ,
ThassLeInCs: When it i this engh o show the curline of the v o moon. |
remLucous: When there e gaps berween the choodiers. i 1
uraarys: When there are lavers at different aloruder, sometimes parthy mesped. | &
UNDULATUS: Whea the doudlets e armnged in nesly pasllel haes, =
wapuerus: When long lines of them apgear o converge towards the hoczon i
wacusigars: When the layer shinvs net-like ol fringal with <! £¥
1t 70 e comrUsED W B
Cmmocuianz:whh 4 e e of coudles o sppes e e grin '1
o sals. |oaking abave 30" from. the horan, the farger Altocumulus ckodler E\
generally uppess the width af berwren ane sead three fngers, beld ar sem's |.—§|I.. H ‘
Alan, thess exhitin dading, which these of Cimocussslus dons )
cammis: which in 3 high clowd, whose sireaks of falling icr erystsh can revemble |52
Alsocamshes cloudlets shewesy vicga, but o st have thest dense looking beads. | £3
These appronimate ks (abarvs the wrfaced am for midlatitude regioms 'Tj
HOW T SPOT
Ieostratus are miclevel layers of grey coud, | Tvmcas mrmuoes®s |
chich are either featureless or Borous in | $500-25.000
W Ty soms:
appeasance. and typically extend aver an area Worldwide, Mare
of several thousand square miles, Ustsally comten in the middie
composed of both water droplets and we Latinues.
waystals, they ase ofien thin enaugh in parts 1o "‘“""‘I‘"f;"["""'l“‘
reveal the position of the san, appears b occasianally bght
£ 1F through ground glas. Alwsteanus can case | rin or smow,
s white or (when very thin) coloured ‘orana’
S surosTaATS srrcies;
disc of light) around the sun or moen e
the clow's appearance in
pr——
Alecurann radiamas
by thick encugh 1o mask the E i
Soran of th s o e : X
Thasseucines: When it i generally ] i
shin enough 1 shew the postion af £ .
the vem ar moon. 1 be more opaqus, makimg the E :
DurnCEys: When there 5 more thas e
one laver ar diffeent akinudes, thess H
citen being partly mergrd. Thes in = t
generally ooby visible wh ed corse, can appear ssound i ¢
Fght of 2 low sun, the high sunimoan through Almsirstu, s (£ .
and the bower i = il Wk 1 e case the “haly z
shearing winds cause the stririoas of e Cimosirans. H 5
the s which ina thack, darke | § ¢
ATz Wihen the layes shows e cloud that ofien | § o
gy parallel undulations deveiops out of an Aliostraros H
When legeby undubstion Grnetally darker, it prodces 3 d
appear tn converge woard the horizen. | consadersbly heavier rain or snow
™ e alitudes fabovr the varkace) e fo mablatitode egont. | L
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HOW TO S5POT

NIMBOSTRATUS CLOUDS j

imbaseranas are thick, grey, fearuseless T ——

layen af cloud that cause prolanged, 2,005-13, 0001 |
” wmEns T row:
: Workdwide, More

latrodes.
PRECIPIIATIIN (RAACHING

Mimbostratus are the deepest cf all the lay
«clouds - sometimes extending from 2,000ft up
to around 18,0006 - and generally extend vrer
mary thousand square miles, A with other
clisuds, the falling precipitat
i cause Stratus fractus 10 form in o
belom Mimbastzatus chouds, These ate known 4
‘pannus’ nd appear a5 shreds of cloud, looking
darker than the underside of the Nim
When thess joir togethes, they tend 1o lawer
the bases of Nimbostratus clouds even further.
They are invarisbly thick enaugh to completely
hide the sun or moan.

aaounD): Case:
moderate to heavy

CaTrars.

REIT T} B8 COMPUSED WTTH the sam can generally
stroarrarus: which bs be desermined thressgh
tinct - kayer of cous

Precipitati does sometimes, and
thin will generalby be light, Whils: the posi

50
appear a3 very dark

Lier, conering the whete
sky. The precipitaticn

HOW TO S5POT
CIRRUS CLOUDS

s ase the bighest of the ten main coud | TrRCAL At
Cl'ypcn In the farm of deii 16,500-45,0008
streaks, patchi or ba
they ase detached from each other, 3
fbraus o silky appeata
appear very
the ceher high clauds,
rocamalus znd, like th
cemena’ around the sun ar mean.

e erypstabs,

saours): None.

Curmul
the farm.

i
i
i
;

FLOCCL! s 1!
small round rufs, which afien show o shi thin finely dapplsd

erystals falling from them, texure L
comBus vammTIES! vERTERRATUS: When the limens ] E
invorrus: When the fallemaks am bk like 3 fish skeleson, i
irregular and tanghed. BURIEATUS: When the flament, Er
wastarys When the filaments are in streaks oo hooks are amnged at £
panallel 1 wially aligred to the han one akitude, which canbe | 33
wind a¢ high akitude, which converge when the m B
towaaths the hiisan, due s perpective. 10 paint ins different directions i
= P N —— E
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HOW TO SPOT

CIRROCUMULUS CLOUDS

C
irrocumulus are bigh patches of cloud or | TPCAL ALTUDES®] Erwde
1:!_».-\ of iy chowdlers that appear as whise -;:‘::—";":"‘;‘“ .Illrra

graies, These sl & 1 the Wieldwide e
sides away from the san. Thes cloudlers are FrzcImATION
genesally regularty spaced, snd often ananged IREACHENG GROUND]: ippe
in sipples, known 15 the undilatus variery. Mane. rece;
1 delig
CaRmOTUMULYS sPeciE: T
sThamomais: When i Jewel
B A
haw
shy
wanit
trat
aner
that
15 pa
shap
o carcful inspeciion,
1 chodlets have
TH!
high
" - a ot
ith ragged hases o e lacuncsn. wn il ez
CARBOCUMULLS VARIETIES: appt
unBLATUE wm. i \Inudl m are ||| a wave-like amangement of ripples ar beoad hl
E— dete

LACUROSUS! ‘ﬂm‘ <b= Ils:l

5 hnl's fmm\l 4 nex or honeycomb.

T TR Y COMMD T,

CARRUS ARD CIRROSTRATUS:

chred. Cirmocum

chonnd

arrocumius which is 2 mid-evel layer of larger chosdlens. Looking
o, the ymaller €

e, held

re streaks aoed smocdh fibious |a-m.x igh
e s, iy coutre, e eubivicen i oy o

bowe
chradicts generally appear lew than

mid

p—

HOW TD SI‘OT B |
CIRROSTRATUS CLOUDS |

ko

et smeath
ar fibroas. They tend ta cover large arcas of the
sky, extending aver many thousands of s

miles, bu:

rrantsats are Lirgely transpareat,

They do, however, sometimes produce the

white or caloared rings, spots or arc of Light
araund the sun ar muon that are known 2
“haky phenoenena

[T

oot i
27 Wl arcsind the

———
e

e veil har a wavedike

there i moee than one
at differess alficwder. Thin is generally anly
| when, by e lighs af a low sun, the higher Lier is
1n up when the lower & in shadow. or when shearing
tame winh camar tha sriamions of each layer o differ

T

3 midevel, gererally thicker, h,w umu Fm.-l(\ being
s < 56
| ess comman in Allon
sencrally coly whoured diic of light).
CIRROCUMUILUS: Ah ik are sreaks and xlaj.ed'rlp;ﬂej I-wsofl:ld‘
. which ofien appeans in con

fsse layer.

wcﬁ wilt

rentr h thess. in
coninuous and di

* Thew appr

emare altinuden {sbave the serface] are for mad-larinde regions.
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