15.Clouds3

Friday, October 11, 2024

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

'%hlmcs

Stable clouds = flat STRATUS type
'{'O\\D\Q- Unstable clouds = puffy CUMULUS family
S1A0 "

Atmosphere is all stable if CAPE = 0 Convective Available Potential Energy
Has unstable layers if CAPE > 0. Thunderstorms if CAPE > 500 or so.

Unstable Skew-T example
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From 1 follow moist adiabat; is probably in a cloud (above LCLP at 722 mbar). Stays warmer than

neighbors: UNSTABLE

What was the surface weather on a given day?
https://www.wunderground.com/history

nstable area, for whole profile = CAPE
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SLAT 3977
SLON -104.87
SELV 1611
SHOW -9393
UFT  -337
LFTV -373
SWET -9399
KINX  -9999
C -9993
v -9999
iix. 993 A
CAPV 1181
CINS -168
CINV -126
EQLY 1775

EQTV 1769
LFCT 6205
LFCV 6356
BRCH 1767
BRCV
LCLT 28
LCLP 7226
LCLE 3460

MLTH 3119
MLMR 11.72
THCK 5839
PWAT 2857
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~ Dew point: Temperature a parcel would have to be cooled to in order to get
condensation (dew). ~ Absolute humidity.
R ~———Relative humidity: How much water the air currently holds compared to how
much it could hold at this temperature. For a given absolute water vapor

concentration, RH is high for low temperatures (close to dew point) and low for
high temperatures. So T and RH time plots move opposite.
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https://www.wunderground.com/history
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Other info on Skew-T: wind indicators. LCL = lifting condensation level, cumulus have flat bottoms at
this altitude.

OK, now look at skew-T for your date:

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

A) VYes, | got my skew T 2022
B) No, just haven't tried yet
) Tried and failed 50%
R . 0 names: niversal Time Coordinated / Universal Coordinated Time 46
Skew-T download tips:  Skew-T Times: =S s Viean Time (GMT) A

Z indicates Zulu time = UTC = GMT = Greenwich Mean Time = Time at date line in
England.

12Z, Feb 14 = ~6 am Feb 14 here. Sunrise.

00Z, Feb 15 =~6 pm Feb 14 here. Sunset.

. o\)(
§ e
1. Choose closest location and date/time. 12z month/day X is the 6 am sounding, 00z X+1 is the 6 pm

sounding for date X.

2. Closest to Boulder is Grand Junction due to helium shortage /L
ovr Tomorrow

3. Choose plot, not text
4. Will open in next browser tab

Everybody do this now, for this morning's Skew-T.
Can just go to weather.uwyo.edu and do menus >upper air observations>soundings

@ UNSTABLE

CUMULONIMBUS

STRATOCUMULUS
S Al
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http://weather.uwyo.edu/upperair/sounding.html
https://www.wunderground.com/forecast/us/co/boulder/40.02,-105.27

CUMULONIMBUS
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NIMBOSTRATUS

STRATUS

Clouds classified by
A. Structure: stratus = flat layers, cumulus = clumps
B. Base height: (2 hrn

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
b. middle: 6500 t0 23,000 ft (& -7 fpan) """
c. high: 16,000 to 45,000 OVERLAP (49~ I{ k)
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

If atmosphere is UNSTABLE, the heated air will
continue to go up!
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Fair ather Cumulus dCEl'Ius Hurpllus

eveiope ouas

. .

Towering Cumulus Cumulonimbus
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> | - T
i b Dissipating Stage
Al 1T
= -
Dark ground (plowed field'é:.) can create hp

local hot spot, starting a thermal. Mountain
uplift can also trigger start of cycle.

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

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

00
Stratocumulus: Sort of flat, sort of fluffy. Probably the world's most common O < CH )OE < Z

-

cloud. M T /h n
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: flowvi flow-categori

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

o0 [ HEs
s Ovfe
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3

cells

h(SP

Earth

——— 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
standiney
Altocumulus lenticularis (higher than 6500 ft above local ground level) AC S/
or 4
Stratocumulus lenticularis (lower)
or
Mountain Wave Cloud, trapped or lee

requires STABLE atmosphere: note exception to unstable/cumulus pairing
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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/

STANDING  WRVE
Clouds Produced by Vertically Trapped Mountain Waves

= . T T Tp— 1
Thomas Carney et al., ] y
'AC 00-57 Hazardous

untain Winds and
Thetf Visual Indicators
ederal Aviation =
Administration, 1997),
http://rgl.faa.gov/Regul
atory and Guidance Li
brary/rgAdvisoryCircular -

.nsf/0/780437D88CBDA
FD086256A94006FD5B8

wé\/\/\/\ Eacl

Clouds that sit right -
on the Divide =

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

fyn

& 1 |
B oulael
Altocumulus lenticularis. Typically 1 to 5 wave crests.

Clouds stay stationary, but may move off and reform periodically

Ben Britton, FV 2010

If there's more wave crests, or short wavelengths, and it covers much of the sky,
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.colorado.edu/MCEN/flowvis ignment2.html

Tracy Eliasson FV 2007

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

=<\ ¢ m Rare to be able to see cross section like this
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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

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

_,/;/xﬂ j : ;/'EE;EEZéB Rare to be able to see cross section like this

—

— http;//cloudaDpreciationsocietv.org/colIecting/terrv-robins?n/ l *\lo w ° Sb\éar (_

4

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

Qlyetus
3: Synoptic uplift = weather system clouds. } O km = @ m \ ?5

Weather system progressions; 'synoptic scale' uplifts (1000 km across). J 9) 0 O - QOO m
Any type of cloud is possible.

Coriolis effect makes

The incoming air turn
Right, creating a
Counterclockwise rotation

P o

briqinal map above. Source: NOAA Ocean Prediction Center. https://ocean weather gov/Pac_tab shtml

Annotated map below.

https: as.ub 13/sailing/met_concepts/11 -met-mari her/11

https: pe.ncep.noaa. 20231014.html Weather map history

da te
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file://C:/Users/hertzber/Documents/01CLASSES/FlowVis/Content/scanned images/TypWeatherSystem.tif
http://cloudappreciationsociety.org/collecting/terry-robinson/
https://www.eoas.ubc.ca/courses/atsc113/sailing/met_concepts/11-met-marine-weather/11c-forecasting/
https://www.wpc.ncep.noaa.gov/dailywxmap/index_20231014.html
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The Cloudspotter's Guide pg186 THE HIGH CLOUDS

Warmer air gently
overriding the colder
(known as a warm

I
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Colder air N(which is more
puzlhing . ‘
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ng cloud bpes:

Large areas lift all together = stratus clouds
Cirrus

Cirrocumulus/
Altocumulus i oW

Cu

some
instability ‘Cold front’

How cloud formations can develop "Warm front

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.

leol

Fressvre

Time

/) ) ; _ / —

0CCLUDED M

Wind shift across front Incoming cold front everruns retreating cool air,

Warm air s trapped above: stable.

Mo
Low Pressure System: Air tries to move into low
Coriolis makes it turn right = counterclockwise CV(,[,C)(\J IC
circulation. Typically unstable. Cow

High pressure system: Air tries to move out.
Coriolis makes it turn right = clockwise
circulation. Weak or nonexistent fronts, so no
instability.

A

ANTI Cy LoNI C

2024 Fall laptop Page 7


file://C:/Users/hertzber/Documents/01CLASSES/FlowVis/Content/scanned images/TypWeatherSystem.tif

instability.

H

http://earth.usc.edu
/

~stott/Catalina/Wea
therPatterns.html

Idrativest dieprction of Lhe wppeet inat divergarce snd cormargence aiaft provide 1o cycione snct
aticytirac cixistan 4 the srtace

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

4: Convergence uplift along shorelines 6
vk
\d:ﬂ rint®)
Sov
W Piafsﬂ” bf'ﬁ'\/
6
LAnD  ©

Day: Land warms
quickly, air rises,
pressure drops =
onshore breeze
Night: Land cools
faster = offshore
breeze

~ Cool sea breeze is pulled in
during daytime.
Land or shore breeze
happens at night, when
land cools more rapidly
than the water.
Note: winds are named for
where they come from

CloudClassificationTable.pdf; Copyrighted. Also see

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

Also the World Meteorological Organizaton list.
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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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O To SPOT
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HOW TO SFOT
ALTOSTRATUS CLOUDS

R ey
£,500-21,1

Wi T
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HOW To §FOT

NIMBOSTRATUS CLOUDS
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CIRRUS CLOUDS
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HOW TO SPOT
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CIRROSTRATUS CLOUDS
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