16.Clouds3

~Friday, October 13, 2023

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

Clouds classified by
A. Structure: stratus = flat layers, cumulus = clumps

B. Base height: A
a. low: up to 6500 ft (above ground, not from sea level) and vertically developed (includes
cumulonimbu S) E:\Dropbox\CIRTL IUSE\CIRTL Teaching Institute\Content\Lecturenotes2018

\handouts 2018

b. middle: 6500t 23,000 ft (& -7 k)
¢. high: 16,000 to 45,000 OVERLAP (49— f"“m»>
Cirrostratus: bright, no observable thickness, thin, uniform veil
Altostratus: darker, may have noticeable thicker regions

1. OK, atmosphere is unstable. Impact on clouds? Instability driven clouds

Principle Process for Heating Our Atmosphere

Shortwave radiation

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

Fair Weather C ulus Cgmulus Humxuq

eve oped Llouds
_ A

-

o

Dissipating Stage

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

\TAY &y
- _ e / /
Dark ground (plowed fielde/tc.) can create hp
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

or his Pursuit: https://vimeo.com/226958858
0 cAPE 200

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

Stratocumulus: Sort of flat, sort of fluffy. Probably the world's most common

cloud. Mot 1ha
1) Cumulus joined together, caused by an 6T {‘ {‘,
Stratocumulus inversion, a stable layer that stops upward A )/
Formation mechanisms: ~ convection

2) Stratus broken up. Top reflects UV, visible
light, cools (maybe radiates 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 stratiformis

http://www.flowvis.org/categor - ies/cloud:

http://www.flowvis.org/2013/04/11/stratoci -boulder-co-18th-of-february-2013-
at-1131-a-m/

ool
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http://www.k3jae.com/wxstormdevelopment.php
http://www.k3jae.com/wxstormdevelopment.php
https://vimeo.com/239593389?ref=fb-share&1
https://vimeo.com/226958858
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/

2: Orographic clouds, caused by topography, i.e. mountains
Orography (from the Greek 6pog, hill, ypadia, to write) [Wikipedia]

Most common interesting cloud in winter and spring is the

§tand\ n
Altocumulus Ienticu?aris (higher than 6500 ft above local ground level) [ AC S
or /
Stratocumulus lenticularis (lower)
or
Mountain Wave Cloud, trapped or lee

requires STABLE atmosphere: note exception to unstable/cumulus pairing

STANDING  WHRVE

Clouds Produced by Vertically Trapped Mountain Waves

Thomas Carney et al., T
AC 00-57 Hazardous
Mountain Winds and
Their Visual Indicators
(Federal Aviation
Administration, 1997),
http://rgl.faa.gov/Regul
atory and Guidance Li
brary/rgAdvisoryCircular
-nsf/0/780437D88CBDA
FD086256A94006FD5B8

20penDocument.

\«Jﬂ;

Clouds that sit right
on the Divide =

— FOEHN cloud wall.
From air being forced up over
the mountains

By

Altocumulus lenticularis. Typically 1 to 5 wave crests.

Clouds stay stationary, but may move off and reform periodically

Ben Britton, FV 2010

;+ 03\1//(5 Sky

If there's more wave crests, or short wavelengthsjit'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.colorado.edu/MCEN/flowvis/galleries/2007/assignment2.html
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http://www.colorado.edu/MCEN/flowvis/galleries/2007/assignment2.html
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

Tracy Eliasson FV 2007

Could also be from wind shear, via the Kelvin Helmholtz instability

T
%— ; : ;/'é E; E }:é ) Rare to be able to see cross section like this
T, 1 7 =

— http://cIoudappreciationsociety.org/colIecting/terry-robins?n/ l {\lov\/ Sb\éar Lﬂy*& d
Canon! N hatvdie

Seli

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

INYY (Vs

3: Synoptic uplift = weather system clouds. | O ]C [

= (0 m l Q/S
iles

Weather system progressions; 'synoptic scale' uplifts (1000 km across). l 00 O - QOO W

Any type of cloud is possible.
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http://www.colorado.edu/MCEN/flowvis/galleries/2007/assignment2.html
http://cloudappreciationsociety.org/collecting/terry-robinson/

\

6n9i;|al }nap above. Source: NOAA Ocean Prediction Center. hitps

Annotated map below.

1
¥

1

/ocean weather gov/Pac_tab shtml

concepts/11-met-mari
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file://C:/Users/hertzber/Documents/01CLASSES/FlowVis/Content/scanned images/TypWeatherSystem.tif
https://www.eoas.ubc.ca/courses/atsc113/sailing/met_concepts/11-met-marine-weather/11c-forecasting/

The Cloudspotter's Guide pg186 THE HIGH CLOUDS

7h
€ Whole system tends to moge loward the eq5

Warmer air Eently
overriding the colder
(known as a warm fre

! DRIER AIR *,
Colder air N (which
pushing 3
underneath
the warmer
air (known as
a cold front)

E - 5oUT

[}

|

|

|

d |

e AN as "tm |
tend e OV, an observer gy ;

1

i 1
|

N A |

to see the jbﬂowing coxd typeg;

Large areas lift all together = stratus clouds

some
instability ‘Cold front’

How cloud formations can develop Watgifiout 1000

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

Fressure

Time

V \ ) 2
‘ \/ /) ) o / ~
\> 0CCLVDF! M
Wind shift across front Incoming cold font overuns rereatingcool i
Warm air is trapped above: stable.

Map
Low Pressure System: Air tries to move into low
Coriolis makes it turn right = counterclockwise CVCLON IC
circulation. Typically unstable. G|

High pressure system: Air tries to move out. —
Coriolis makes it turn right = clockwise ANTI cY LO/\“ C

circulation. Weak or nonexistent fronts, so no
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instability.

M

http://earth.usc.edu
L

~stott/Catalina/Wea

therPatterns.html

Idrafiand dopaction o the wepart that dirrgrece and carwergeace aiaft provide 1o cycianic and
anticycianic drculation at the surlsce.

Divergence aloft creates convergence and lift at
surface. Pumping action. Bad for wildland fires.

4: Convergence uplift along shorelines 6
AN
\d T|W¢ !
SoV."'(_\l
brie™'/

LAND

D()\\/f,.Land warms

quickly, air rises,

N\ Cool sea breeze is pulled in
oressure drops during daytime. onshe(L
. e Land or shore breeze

[\) ] 6)\—]’—’ LO\'MLC@D 5 Ol happens at night, when

land cools more rapidly
CloudClassificationTable.pdf; Copyrighted. Also see than the water.
Cloud types for observers (PDF, 4 MB) - Met Office 45 pgs Note: winds are named for
Also the World Meteorological Organizaton list. where they come from

2023 Fall Page 7


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
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
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domes or towess, and have generalky flar bases
Tharir upper pasts aftem sesemble caulifiowen:

| el ehey appeas belbusa white when eeflertag
high sunlighe, bt can look dark when the sun

| m behind them Cussadus tend to be rasdomly
scatsered sorow the sky.

|

| conamn sracine
W Mainal
verocal exies, They

| spgea modes thie they

are 1l [ e came

are wde, Do ot Chsse | STRAROCUMLS, Curmrabus chowds are detached, pot

P ined im 3 Ly e i

Coscasmus Marimem | aUmecusbLLs: o By o regudarty

werical eniens. The tops | spaced ai 4 leyer of the highes Alvocemlis. The

are b caslifomen. ik Lrger than the charps of

g taller thas they | Alieusrs, Bhes they ane abuee e douhgticr
| are wide. Caun Cursuus 2ppear larges 2kan the wideh

dowa s, g, eld at arm's

macrus: Ragged sdges | cubsowibmuk which oltes develoss fros + lrge

and becken up. Cn Crsuls conprerza. A chowd iv will 4 Carmabes waen

o in the st - has o sbarp i, corpared mith

beber rais, chowds. the e o of the Cumabormbu.
e S

o e s R s 1%, B ot ocpar bsnter 1501




HOW TO SFOT |

CUMULONIMBUS CLOUDS

Heaw
chien

UMM T
These are varicaes
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-HDW TO SFOT
STRATOCUMULUS CLOUDS
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HOW TO SPOT

ALTOSTRATUS CLOUDS

A

* There spprosimze

NIMBOSTRATUS CLOUDS

e thick, grey, featusclen

he layer
n i fresss 2,000t
10 arvend 18,000 - and generally extend over
many thousand suace miles. As with othe

. the Ealkemg precpstation

TMBITRTUS SPRCTE
Thee are o apeiss, as
belw Nimbostratus chosd "

Thess are known s

pannus’ ssed appeat =
darker than the underside of the Nimbostrars
When thew in toges
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HOW TO SFOT

CIRRUS CLOUDS

C. i do the highest of o cowd | TICAL ALTITGR
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