Overcome your Atmos-fears
about Coaching Weather!
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Breaking the Ice

Q: What type of frozen precipitation?

W

Q: What must you do first if you
want to play cards in a showstorm? __ : ‘ Swidl .t

A: First, you must shovel the deck!

lifewithdogs



https://www.weather.gov/ilm/Feb2014WinterStorm

Agenda - 2 hr session

Introductions (10 min)

2020 Meteorology Event Structure and Rules Overview (10 min)

2020 Meteorology Severe Weather Topics: Some Basic Concepts (30 min)

KRR KRRRE R RRRR Rk kRt BREAIK (15 Min) #HHsskrrrttbkkkt bk kbbb kR
Practice!

e Weather of The Day, monitoring events in real time with National Weather Service’s weather.gov
(15 min)

e Tornado demos (10 min)
Study resources and how to find more info (10 min)

Close (5 min)



Note: Most of this presentation benefits both Div A and B coaches and - A B
students. Portions of this presentation focus on topics for Div B only. ’

Look for Div letters in upper right of each slide.

Introductions

Wh 2 Once an earth science and outdoors nerd...
O am i always an earth science and outdoors nerd

Photo Credit:
M.Hahnenberger

Who are you?

Please please please:

e ask questions
e throw ideas out there

e let's make this session not-a-boring-lecture! | b‘
"’ NOT I_B'I!BIE.!ITATIIIII




2020 Event Structure and Rules Overview

Preparation BEFORE Competition Day

e Meteorology/Weather = mostly a study event
o most costly thing for this event is time - start early, study often

e Study and KNOW the rules!

o number of students on ateam =1 or 2
o note sheets

m most value is in building them as a prompt vs. on competition day itself

m up totwo 8.5" x 11" sheets of paper - use both sides

m no extra “real estate” - e.g., post-its stuck on the 2 pages, or accordion sheets that fold

out - that's not allowed - see examples in this session

m seal them prior to competing - sheet protectors + tape or laminate
calculators - a team may have two - calculators on computers/mobile devices NOT allowed

m stand-alone, non-programming, non-graphing - see calc. guide in rules manual s




2020 Event Structure and Rules Overview

Competition Day!

e possible event format(s) - NC has used both in the past: e what to bring:
o sit-down-and-take-a-test o writing utensils!!!!
o calculator(s) - OPTIONAL

m Pro: flexibility - students work through the test
o note sheet(s) - OPTIONAL

mostly however they want

m Con: flexibility - students work through the test e Remember the rules!
mostly however they want (and can get stuck) o Make sure:
o rotating stations m note sheets comply

. : m calculators compl
m Pro: students are usually made to visit more topics, Py

less chance they get stuck in one area of test e Turn phones off or to

m Con: shuffling can be disorienting and disruptive silent when event starts
6
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2020 Meteorology Event Topics: Basic Concepts

Condensed overview of selected (not all) topics from 2020 rules follows.

Many graphics and materials are borrowed from the National Oceanic and

o
Atmospheric Administration (NOAA) and the National Weather Service (NWS,
which is part of NOAA).

e NOAA has great stuff, especially JetStream - https://www.weather.gov/jetstream.

o Everything on JgtStream is awesome! E*“EHY"‘“NG AWES[?‘IWE!
o Some topics might be overwhelming at l §
P 'ﬁi

first, but %
KEEP CALM IS AWES“ME

BECAUSE

EVERYTHING
IS AWESOME (AND WE HAVE RESOURCES TO HELP YOU AND YOUR STUDENTS).



https://www.weather.gov/jetstream

A,B

Not explicitly in the rules, but always important!
Practice basic geography! @ )

e U.S. states and territories

TN s ‘_ ==,
7 S e
SNm Y=

e |ocal geography - names of coﬁun‘tiesk(‘or boroughs or parishes) in your state

e What the terrain is like across the world, and especially in the United States
o Example: where are mountains and oceans, which can influence Weathe?

o Simple and free ways to explore:

m  maps.google.com, turn on “Satellite” or “Terrain” background - or
https://earth.google.com/web/

m The National Map - https://viewer.nationalmap.gov/advanced-viewer/

m  USGS TopoView - https://ngmdb.usgs.gov/topoview/viewer/#4/39.98/-99.98
e to more easily view topography layer, (A) go to Settings, turn off all four options, then
(B) click “Terrain” in upper left hand corner 8
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Not explicitly in the rules, but always important!

Practice reading and interpreting graphs, maps, charts, and images.

El Reno 24-Hour Mesonet Meteogram Oklahoma
9:25 am (May 24, 2011) through 9:20 am (May 25, 2011) Mesonet
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e Example is from the OK Mesonet (topic 3.1.).
e Oklahoma Climatological Survey Mesonet Ticker

- ticker.mesonet.org
o sign up for ~daily weather event summaries,
notifications (& often bad puns!) -

ticker.mesonet.org/ticksig_html.php
scientific (yet digestible) summaries of weather events!

http://ticker.mesonet.org/select.php?mo=05&da=25&yr=2011 ©
s
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Not explicitly in the rules, but always important!

Practice reading and interpreting graphs, maps, charts, and images.
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Example is from the OK Mesonet (topic 3.1.).
Oklahoma Climatological Survey Mesonet Ticker

- ticker.mesonet.org
o sign up for ~daily weather event summaries,
notifications (& often bad puns!) -
ticker.mesonet.org/ticksig_html.php
o  scientific (yet digestible) summaries of weather elRnts!




Not explicitly in the rules, but always important!

Practice reading and interpreting graphs, maps, charts, and images.
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http://ticker.mesonet.org/select.php?mo=05&da=25&yr=2011

PRELIMINARY TORNADO TRACKS
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A,B

Example is from the OK Mesonet (topic 3.1.).
Oklahoma Climatological Survey Mesonet Ticker

- ticker.mesonet.org
o sign up for ~daily weather event summaries,
notifications (& often bad puns!) -
ticker.mesonet.org/ticksig_html.php

o  scientific (yet digestible) summaries of weather elbnts!
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3.a. Environmental conditions for Severe Weather

Severe weather (and all weather, actually)

requires energy exchanges and water! , e,
' A ‘
Precupltatlon
| The sun heats the ground on A
Radiation ’

! The warm air rises
- Convection

————

The basic hydrologic (water) cycle

https://www.weather.gov/jetstream/heat, https://www.weather.gov/jetstream/hydl(;
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3.a. Environmental conditions for Severe Weather

High pressure systems, low pressure systems, boundaries, jet stream & more!

Air near the surface flows down and away in a high e
pressure system (left) and air flows up and together at offthe road and tm ol o ghis of. Flow

a low pressure system (right).

Credit: NESTA

https://scied.ucar.edu/shortcontent/hi

hs-and-lows-air-|

Be weatherwise wherever you are

South of the fronts and
west of the dry line
In the orange area, weather is generally dry
and mild. Approaching fronts can lead to high
altitude thunderstorms over mountain peaks.
resulting in strong winds at the surface. Over
time the effects of the fronts will diminish.

To leam more about the characteristics of fronts,
explore the rest of the map.

Possible impacts
Strong surface winds can lead to dust storms
and wikdfires. In Southern California, the warm,
dry Santa Ana winds blow fowards the coast
from the high desert areas. Seasonal heavy
rain, even from distant thunderstorms, can lead
to flash floods and debris flows in typically very
dry areas.

Be alert for dust storms, which can come with

little waming — Pull Aside, Stay Alive. Pull far

valleys and canyons. Don't be caught off guard:
be prepared to move to higher ground.

‘www.weather.gov/jetstream

Drawing Conclusions « Toasty Wind
A Pressing Engagement « Going with the Flow

In the light blue area, the air tends fo be cool and dry. Closer o
the warm front, moisture increases. As a result, clouds thicken,
‘which can lead to rain or snow.

Possible impacts
Warm
snow, or sleet. Rain can lead to flooding, while snow and sieet

may result in a variety of hazards including slick roads and
power

Weather safety

Never drive into flooded roadways or around a barricade. Turn
Around Don'’t Drown! Know the risks of ficods and plan your
evacuation route. Have extra food and water in case you lose
power or are trapped in your home. During winter weather, drive
slowly or ot at all.

Explore more weather phenomena at ¥

North of the warm front *

fronts near areas of low-pressure can bring heavy rain,

South of the warm front
‘Warm, moist air from the Gulf of Mexico and
Atlantic Ocean moves into the green area,
increasing temperatures and humidity. Showers.
and thunderstorms can develop along and in
‘advance of a cold front or dry line.

Possible impacts.

‘Warm, moist air can be foroed upwards as it
reaches . dry line..
‘This can cause severe thunderstorms, flooding.
‘and tornadoes.

from lightning. Know your safe place at home

== )

ressure, https://www.weather.gov/jetstream/NOAAwise
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3.a. Environmental conditions for Severe Weather

Large-scale circulation patterns (h|ghs/Iows/troughs/rldges) that
potentially produce severe weather: '/, b : v

e Negatively-tilted trough
o large change in wind direction from the
surface into the upper atmosphere
(called wind shear) which aids in the
formation of supercell thunderstorms

o strong southerly surface wind with its
warm air underneath the incoming cold
air in the upper atmosphere creating
unstable conditions

https://www.weather.gov/jetstream/basic
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3.a. Environmental conditions for Severe Weather

Large-scale circulation patterns (highs/lows) that potentially produce
flooding: i 7 ) -

e Cut-off low
o very slow-moving; drifts
slowly/seemingly aimlessly

o may dump lots of
precipitation over the same
area

https://www.weather.gov/jetstream/basic




A,B
3.a. Environmental conditions for Severe Weather

flooding:
e Omega block

o very stubborn and persistent
atmospheric pattern

o two cut-off lows, with a high
sandwiched in between them

https://www.weather.gov/jetstream/basic 16
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3.a. Environmental conditions for Severe Weather

Large-scale circulation patterns (hlghsllows) that potentlally produce
flooding: , -

e Rex block

o very stubborn and persistent
atmospheric pattern

o  will remain nearly stationary
until one of the height centers
changes intensity, unbalancing
the high-over-low pattern

o can lead to flooding in the
vicinity of the low

https://www.weather.gov/jetstream/basic




A,B
. . e (mostly B)
3.a. Environmental conditions for Severe Weather

Polar Jet _
Jet stream Subtropical Jet (L A/ 80 mpn

M 100 mph
A 120 mph

e notonlyan
awesome

NOAA!

e butalso:

o relatively narrow bands
of strong wind in the
upper levels of the
atmosphere

and 300 mb upper air maps.

Jet stream = “storm highway”

Speed maxima within the jet
. stream influence vertical motion
o follows the boundaries | in the atmosphere, surface
i ; ! pressure patterns, and the
between hot and cold air sz i potential for severe weather ;5
https://www.weather.gov/jetstream/jet, https://www.spc.noaa.gov/cgi-bin-spc/getuadata.pl?MyDate1=110524&Time1=12&MyDate2=&Time2=12&align=V&Levels=250



https://www.weather.gov/jetstream/jet

A,B
5.a. Environmental conditions for Severe Weather

LA

e )
. Id Front
Boun d aries Cold Fron NOAA Weather Prediction Center (WPC) provides
. surface analyses, which include boundaries!
(l.e. , fronts and => https://www.wpc.ncep.noaa.gov/html/sfc2.shtml
. = visit regularly to see current surface weather'
drylines) -
Cold Front S
e Actas a forcing Warm Front Warm —7

mechanism for
vertical motion

in the

atmosphere Dry Line

(including .
=4

uplift) 5 Moist Air
- https://www.wpc.ncep.noaa.ggov/archive§/web_pages/sfc/sfc_

Dryline archive_maps.php?arcdate=05/24/2011&selmap=201105242

Dry air, being more dense, undercuts the light moist air forcing it up. 1 &maptype=namussfc

More fronts and boundaries here: https://www.weather.gov/jetstream/wxmaps, https://www.weather.gov/jetstream/airmass 19



https://www.weather.gov/jetstream/wxmaps
https://www.wpc.ncep.noaa.gov/archives/web_pages/sfc/sfc_archive_maps.php?arcdate=05/24/2011&selmap=2011052421&maptype=namussfc
https://www.wpc.ncep.noaa.gov/archives/web_pages/sfc/sfc_archive_maps.php?arcdate=05/24/2011&selmap=2011052421&maptype=namussfc
https://www.wpc.ncep.noaa.gov/archives/web_pages/sfc/sfc_archive_maps.php?arcdate=05/24/2011&selmap=2011052421&maptype=namussfc
https://www.wpc.ncep.noaa.gov/html/sfc2.shtml

A,B

3.b. Thunderstorms

multi-cell (cluster or line)

e lasts longer - single cells move
downwind and are replaced by cells
forming upstream
severe weather more likely
training storms, squall lines, derechos

ordinary cell / single cell / pop-up / pulse
e  brief existence - 30-60 min
e  Drief severe weather, if any

Mature Stage Dissipating Stage
supercell
e lasts for hours
i ' e  severe weather most likely

Cumulus

Overshooting top

o~
w . »5
"&« - > . o .Anvil' .

WallCloud
. Rain and/or Hail

pe Tt
Flanking Line}
,»"} '
o, . (3%
% 3
\

https://www.weather.gov/jetstream/tstrmtypes, https://www.weather.gov/media/lmk/soo/SingleCell-PulseStorm_Web.pdf

" Tornado

20



https://www.weather.gov/jetstream/tstrmtypes

3.b. Thunderstorms

Life Cycle: Towering Cumulus — Mature Cumulus — Dissipating

https://www.weather.gov/jetstream/life

A,B



https://www.weather.gov/jetstream/life

A,B

3.b. Cloud Types

)) > cirrus - high, wispy clouds to first appear in advance of a low-pressure area such as a mid-latitude
// storm system or a tropical system such as a hurricane
cumulus - show vertical motion or thermal uplift of air taking place in the atmosphere. Usually
dense in appearance with sharp outlines. Cloud bases are generally flat and occur at the altitude where

the moisture in rising air condenses.

stratus - usually broad and fairly widespread appearing like a blanket. Result from non-convective

rising air and tend to occur along and to the north of warm fronts. Edges of stratiform clouds are
diffuse.

|

nimbo - special rainy cloud category. The vast majority of precipitation occurs from nimbo-form
clouds and therefore these clouds have the greatest vertical height.

https://www.weather.gov/jetstream/corefour
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5.d. Precipitation - Formation

Water Vapor / Clouds i , :
Moisture e water vapor e cloud droplets and ice crystals too light to fall
o Sources e forcing — need larger and heavier drops
e transportation mechanism e drops or ice crystals get bigger by

o interacting with other droplets
o deposition of water vapor on ice crystals

to lift air

s o, °°ii!i .La:ge.chud

:.o.. ° 0. o....:—implﬂ s

2.0 %%, © .o 0.0. ®

Y Raindrop ® 1 1020 gruall cloud®

a0 g & @droplets @

e o %% ® g ® e * g0

oo & & ./l\ o . ;
e ® s 0°®0e70" s % _ ; https://owd.tcnj.edu/
.'°:§I°’§f:;‘i£": o..o°. :. ~magee/171/slides/
_ Do ey . ° clouds

https://projects.ncsu.edu/atmos_collabor *.0 4 0,° S e
ation/nwsfo/storage/cases/19840328/ g o T DR F R R, l http://www.atmo.ttu.
http://apollo.Isc.vsc.edu/classes/met13 bophg ".'," %% t edu/schroeder/ATM
O/notes/chapter11/cf_xsect.html ‘ e, . %t o Y O_1300/Notes/chap
https://www.weather.gov/jetstream/precip ... Collision:coalescencepracess  Co ter7.pdf 23



http://apollo.lsc.vsc.edu/classes/met130/notes/chapter11/cf_xsect.html
http://apollo.lsc.vsc.edu/classes/met130/notes/chapter11/cf_xsect.html
https://projects.ncsu.edu/atmos_collaboration/nwsfo/storage/cases/19840328/
https://projects.ncsu.edu/atmos_collaboration/nwsfo/storage/cases/19840328/
https://www.weather.gov/jetstream/precip
https://owd.tcnj.edu/~magee/171/slides/clouds
https://owd.tcnj.edu/~magee/171/slides/clouds
https://owd.tcnj.edu/~magee/171/slides/clouds

A,B

5.d. Precipitation - Types

: _d
Rain reezing Rain Sleet Snow
Frozen precipitation  Frozen precipitation Frozen precipitation melts in Snow falls ?;L‘};Z;ngr”f?j;“;r“"v’
Melts and reaches melts in warm air. Rain falls shallow warm air, Then through cold air
the ground as rain. and freezes on cokd surfaces. refreezes into sleet before and reaches
reaching the surface. the surface 24


https://www.weather.gov/rnk/Measure_Icing
https://www.weather.gov/rnk/Measure_Icing

What type of instrument

3.d. PrECipitation - ypes collected these vertical profiles

and is shown in the photos?

,»/

Below Freezing

IS
Below Freezing
600 600
700 700
S 8 &
Ve / Above Freezing Ve / Vel
800 Above Freezin A 800 A g
Below Freezing > $ 4 P &
7 / 900 7 A
/ Below Fyéezing / y |
1000 S 1000 £ S

https://www.weather.gov
[lwx/onlinetour_uprair1

FreeZing Rain Sleet Snow https://www.weather.gov/j

etstream/skewt_samples 25



https://www.weather.gov/jetstream/skewt_samples
https://www.weather.gov/jetstream/skewt_samples
https://www.weather.gov/lwx/onlinetour_uprair1
https://www.weather.gov/lwx/onlinetour_uprair1

5.e. Squall lines, mesoscale convective complexes

Squall line Mesoscale convective complex (MCC)
e multi-cell t-stormsin aline e multi-clarge, circular, long-lived cluster of
e updrafts (& new cells) continually showers and thunderstorms

re-form at leading edge of system e identified by satellite

with rain and hail following behind ~ ® often emerges out of other storm types
g e during late-night and early-morning hours

e primary hazards [
o straight-line winds i3 e cancover anentire state
primary hazards

o hail
occasionally tornadoes [ : :

; Y at peak intensity:

o heavy rain

e long-lived

squall line is o flooding
called a
derecho (3.f.)
http://weather.gov/jetstream/tstrmtypes, https://www.nssl.noaa.gov/education/svrwx101/thunderstorms/types/, https://forecast.weather.gov/glossary.php?letter=m, 26

httﬁ://cimss.ssec.wisc.ed u/ﬁoes/bIOﬁ/a rchives/date/2007/06/19



5.f. Winds

katabatic wind
e most widely used in mountain
meteorology
e downslope flow driven by cooling at the
surface, during periods of light
larger-scale winds
e also prevalentin Antarctica

microburst
e small concentrated downburst that produces
an outward burst of strong winds at or near the
surface
e small — less than 4 km across — and
short-lived, lasting only 5-10 minutes
e wind speeds sometimes exceeding 100 mph
wet (with precip reaching surface) or dry

I

LB ot ;=

Katabatic wind — Downslope s — ==
Frost hollow — A local hollow-shaped region in which, gravitational flow of colder and denser —_— == ‘%
in suitable conditions, cold air accumulates by night as air beneath the warmer and lighter air > — — -~
the result of katabatic flow

http://glossary.ametsoc.org/wiki/Katabatic_wind, https://twitter.com/metoffice/status/574200347712864258, https://scientistatwork.blogs.nytimes.com/2010/12/15/katabatic-winds-of-antarctica/,
http://www.bbc.com/earth/story/20151009-where-is-the-windiest-place-on-earth, https://www.nssl.noaa.gov/education/svrwx101/wind/types/, https://www.weather.gov/bmx/outreach_microbur3fg,
https://www.weather.gov/bro/2014event_aug13midvalleymburst




3.g. Lightning

e We know more about conditions
needed for lightning to form than

exactly how lightning forms.
o  Leading theories -
m separation of electric charge
m generation of an electric field
within a thunderstorm
o Recent studies also indicate that
ice, hail, and semi-frozen water
drops known as graupel are
essential to lightning development
m  Storms that fail to produce
large quantities of ice usually
fail to produce lightning.

e Scientists are working on it!

Thunderstorm gathers another Negatively charged area in the Lightning channel develops
pool of positively charged storm will send out a charge. 28
particles.

https://www.weather.gov/jetstream/lightning




How a Tornado Forms

While tornadoes can differ in size, strength, and location, they all share
certain characteristics. They are spawned from a type of rotating storm

called a supercell thunderstorm.

3.h. Tornadoes

Some tornado

ingredients:
e shear-changesin
wind direction and
speed with height

Overshooting top

thunderstorm with
strong updraft and
rotation (most
likely a supercell)

WallCloud
- Rain and/or Hail @

" Tornado

An idealized supercel.

e mesocyclo

Light Rain

Heavy Rain

Hail

‘ Mesocyclone - top view

https://www.weather.gov/jetstream/tstrmtypes,
https://lwww.weather.gov/jetstream/tornado The condensation funnel may not be visible all the

way to the ground.

https://www.nationalgeographic.com/news/2015/05/150511-torg
nadoes-storms-midwest-weather-science/

WIND SHEAR

Fast-moving winds roll air below:
into a horizontal vortex—a spinning
tube—above opposing surface
winds.

UPDRAFT

Warmed by the sun, buoyant air
near the ground begins to lift a
section of the horizontal vortex into
a vertical position.

STORM

The stronger of the two vortices
created by the updraft becomes the
heart of the thunderstorm. The other
one dies.

SUPERCELL
Upper-level winds tilt the rotating
updraft, called a mesocyclone. This
allows the storm to keep growing, as
warm air is sucked into the storm
away from the cool downdraft.

Cool
downdraft

Only a fraction of supercells
(rotating thunderstorms)
produce tornadoes.



https://www.weather.gov/jetstream/tstrmtypes

The Enhanced F-Scale A B
CIaSSifying tornadoes for EF-Scale wind speeds '

comparison and analysis EF Wind speed
m Description

BE0) weak 6585 105137 Gale
I3l weak 86-110 138-177 Moderate
=278 strong 111-135 178-217 Significant
=) strong 136-165 218-266  Severe
M= violent 166-200 267-322 Devastating
S8 violent >200 >322 Incredible

3.h. Tornadoes

Some NOAA severe weather research labs and
forecasting agencies located in Norman,

Oklahoma, for good reason!
e  Storm Prediction Center - www.spc.noaa.gov
e National Severe Storms Lab - www.nssl.noaa.gov

Severe Weather 101 — Tornadoes

Alaska - 0
Hawaii - 0
Puerto Rico - 0

Annual average number of tornadoes by state (1985-2014).

https://www.weather.gov/jetstream/tornado https://www.nssl.noaa.gov/education/svrwx101/tornadoes/ Home > Learning Resources > Severe Weather 101 > Tornado Basics J



http://www.spc.noaa.gov
http://www.nssl.noaa.gov

3.1. Winter Storms

e blizzards: snow + wind
o Winds over 35mph with snow and blowing snow,
reducing visibility to 1/4 mile or less for at least 3 hrs

e nor‘easter -
o low-pressure area off the Carolina coast strengthens
and moves north
o storm taps the Atlantic Ocean's moisture-supply and
dumps heavy snow
o cold air gets trapped in mountain valleys, rain may fall
on to cold surfaces, becoming ice

e icestorms
o vertical profiles of temperature, precip type =
important

Melts and reaches  melts in warm air. Rain falls hallovs vearm air. They
the ground as rain.  and freezes on cold surfaces.  refreezes into sleet befor




A,B

3.]. Hurricanes (typhoons, cyclones, depending on where you are in the world)

Favorable conditions for tropical cyclone formation

Warm ocean waters (at least 80°F / 27°C) throughout a depth of about 150 ft. (46 m).

An atmosphere which cools fast enough with height such that it is potentially unstable to moist convection.
Relatively moist air near the mid-level of the troposphere (16,000 ft. / 4,900 m).

Generally, a minimum distance of at least 300 miles (480 km) from the equator.

A pre-existing near-surface disturbance.

Low values (less than about 23 mph / 37 km/h) of vertical wind shear between the surface and the upper
troposphere. Vertical wind shear is the change in wind speed with height.

Historical hurricane
tracks (NOAA):

https://coast.noaa.gov
https://www.weather.gov/jetstream/tc, /hurricanes/
https://coast.noaa.gov/hurricanes/
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3.]. Hurricanes (typhoons, cyclones, depending on where you are in the world)

e 80-90% of a tropical cyclone’s
movement is driven by “steering
currents”

Subtropycal
Radoe

Many Atlantic tropical cyclones travel around the southern and western periphery of the Atlantic
subtropical high (the "Bermuda High").

The 12Z analysis of the mean wind (white streamlines with arrows to depict direction) through a
deep layer of the troposphere on August 24, 2011. Speeds of the mean wind in this layer are color-
coded in knots. Irene was being steered toward the northwest at this time by the mean winds in

https://www.e-education.psu.edu/meteo3/node/2275 this layer.

Credit: NOAA

Credit: CIMSS
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3.]. Hurricanes (typhoons, cyclones, depending on where you are in the world)

Structure

Dense Cirrus Overcast

=3
T
B be

\,{j Y

“ Evewall — | 8N
\"‘

Rainbands

https://www.weather.gov/jetstream/tc 34
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3 J. Hurricanes (typhoons, cyclones, depending on where you are in the world)

NOAA centers for tropical cyclone forecasts

,.“""o NATIONAL HURRICANE CENTER and
= CENTRAL PACIFIC HURRICANE CENTER

NATIGNAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

NATIONAL HURRICANE CENTER and
CENTRAL PACIFIC HURRICANE CENTER

NATIGNAL OCEANIC AND ATMOSPHERIC ADMINIS

NATIONAL HURRICANE CENTER and
CENTRAL PACIFIC HURRICANE CENTER

NATIONAL OCFANIC AND ATMOSPHERIC ADMINISTRATIO
ANALYSES & FORECASTS - DATA&TOOLS - EDUCATIONALRESOURCES =  ARCHIVES*~  ABOUT - SEARCH ANALYSES & FORECASTS *  DATA&TOOLS*  EDUCATIONALRESOURCES *  ARCHIVES®  ABOUT " SEARCH *
ANALYSES & FORECASTS *  DATA&TOOLS ™  EDUCATIONALRESOURCES *  ARCHIVES ™  ABOUT~ SEARCH *
Top News of the Day... view past new: Last update Sun, 22 Sep 2019 06:04:29 UTC Last update Sun, 22 Sep 2019 06:04:29 UTC
Top News of the Day... view past news Last update Sun, 22 Sep 2019 06:04:29 UTC
NHC issuing advisories for the Atlantic on TS Jerry
NHC issuing advisories for the Atlantic on TS Jerr

. NHC issuing advisories for the Atlantic on TS Jerry
. issui isori rs ) ) « NHC issuing advisories for the Eastern Pacific on TS Kiko, TS Mario and TS Lorena
« NHC issuing advisories for the Eastern Pacific on TS Kiko, TS Mario and TS Lorena .
« Key Messages regarding Tropical Storm Jerry .

+ NHC issuing advisories for the Eastern Pacific on TS Kiko, TS Mario and TS Lorena
Key Messages regarding Tropical Storm Jerry = Key Messages regarding Tropical Storm Jerry
Key Messages regarding Tropical Storm Lorena « Key Messages regarding Tropical Storm Lorena
Key Messages regarding Tropical Storm Lorena 4 hurricanes in 6 weeks? It happened to one state in 2004. Lessans leamed then are valuable reminders today « 4 hurricanes in 6 weeks? It happened 1o one state in 2004, Lessons learned then are valuable reminders today
4 hurricanes in 6 weeks? It happened to one state in 2004, Lessons leamed then are valuable reminders today Video: What You Should...and Should Not...Do with the NHC Forecast Cone ( download available here * Video: What You Should...and Should Not...Do with the NHC Forecast Cone ( download available here
Video: What You Should..and Should Not...Do with the NHC Forecast Cone ( download available here )

« Central Pacific

" y " Eastern Pacific Tropical Cyclones and Disturbances
Central Pacific Tropical Cyclones and Disturbances

and Disturbances

Eastern Pacific >

LORENR

7:42 pm HST

10:42 pm PDT
p
Sat Sep 212019

1:42 am EDT
Sat Sep 212019 Sun Sep 222019
Current Disturbances and Two-Day Cyclone Formation Chance: $3<40% 38 40-60% ;M >60%

Tropical or Sub-Tropical Cyclone: O Depression & Storm @ Hurricane
® Post-Tropical Cyclone or Remnants
Active Storms
2-Day ical Tropical Weather Outlook | 5-Day

https://www.nhc.noaa.gov

Current Disturbances and Two-Day Cyclone Formation Chance: 83 <40% 38 40-60% 3} >60%
Tropical or Sub-Tropical Cyclone: O Depression © Storm @ Hurricane

@ Post-Tropical Cyclone or Remnants

Active Storms | Marine Forecasts

Tropical Weather Outiook 2-Day Graphical Tropical Weather Outlook | 5-Day

Current Disturbances and Two-Day Cyclone Formation Chance: $3<40% 88 40-60% ¢ >60%
Tropical or Sub-Tropical Cyclone: O Depression © Storm @ Hurricane

Post-Tropical Cyclone or Remnants

Active Storms | Marine Forecasts

Tropical Weather Outlook 2-Day ical Tropical Weather Outlook | 5-Day Tropical Weather Outlook
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3.]. Hurricanes (typhoons, cyclones, depending on where you are in the world)

US Navy center for tropical cyclone forecasts
6 JOINT TYPHOON WARNING CENTER %

IMAGE TIME: 22/0515Z B
(PRODUCT OF JTWC/SATOPS)

TC formation (,// \)
. Wi 0 unlikely within { MEDIUM
https://www.metoc.navy.mil/jtwc/jtwe.html Sl \ Y, - 4 36
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When @
Thunder

Go Indoors!
STOP all activities.

Seek shelter in a substantial building 5
£
or hard-topped vehicle. : = : | CH CK ROAD Cﬂlﬂl\ﬂﬂﬂg “

Know Where to Go a > e
When Sheltering from a Tornado M Smp

A . A

Top floor rooms

3.n. WeatheSafety Roars,

Make a plan before
you actually need it!

y i DO NOT protect you. A
= _ oo _—— o
i
: If you have no basement, Exterior rooms and rooms with
&: NATIONAL WEATHER SERVICE e i . o BONOY pratstyo
with no windows. [l 1
Y = NO PLACE OUTSIDE
HOME FORECAST PAST WEATHER SAFETY INFORMATION EDUCATION NEWS SEARCH ABOUT is safe from a tornado s’
Quickly move to your
. s " basement and bring your

National Weather Service Safety Tips Safety emergency supply kit.

Weather.go > Safety National Progrsm

< https:/lwww.weather.gov/safety/
% e includes info on differences between NWS warnings & watches
e .- St s 0 e  dependable sources of info
o NOAA/NWS
m  preparedness info @ www.weather.gov/safety/
e el o m  main weather.gov web page to monitor events
o  NOAA Weather Radio
“\‘O} o local media meteorologists
L v o emergency management offices
- o  social media accounts of the above sources

m  check the original source of information if it's a shared post!
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https://www.weather.gov/safety/

Break! Yay!

https://i.redd.it/gkynuztdtu231 .igg



https://i.redd.it/gkynuztdtu231.jpg
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Practice!
Weather of The Day

e Monitor events with NOAA National Weather Service's
weather.gov
e Less structured for students (and us!) but very fun

learning
o Makes meteorology a little more real to people, including students
o Depends on the weather!
o The weather is always changing, and it's always interesting!

YESSSII!

e Examine the map of weather alerts at weather.gov as

often as possible (including today!) )
o lower 48 st.at.e.sf and beyond! => so much interesting weather, so MIII}H W [
many possibilities for exploration!! et - :




. N O AA/ N W S ! S .' HOME :FORECAST PASTWEATHER SAFETY I‘M’;oikw;‘;muu EDUCATION NEWS SEARCH ABOUT
weather.gov =

(@)

e What weather events, s
watches and/or
warnings are active?

Local forecast by

City, St" or ZIP code
nter ocation ... | [/Ga.

Tropical Rainfall Continues from the Remnants of Imelda

Intense tropical rainfall continues in portions of Southeast Texas and Southwest Louisiana from the remnants of
Imelda_ These additional rains will only compound ongoing issues with flooding. The heavy rain focus will gradually
shift to the ArkLaTex region on Friday. Also on Friday, a cold front arriving into the Upper Midwest will likely produce.
severe d locally heavy rainfall. Read More >

American Samoa  Guam

. . . . . . Puerto RicolVirgin Islands /¢~ )
visit now (if internet is emasi oorus e oy s morvonan Gt o i Wb o+ G BAMMARAASIE Lo ot
EXCELLENCE]

available), for October cosome [T R— - —

4 0r5,2019! e
look when you get
home

get your students in the
habit of looking every
day

] Lke Wind Advisory

o |Bach Hazards
Advsory Statement

Created: 09/03/19 at 18:34 UTC.

an -
American Samoa GJam Pu%nc Rico/Virgin Islands ' A -

Click on the map above for detailed alerts or [Go | Public Alerts in XMUCAP v1.1 and ATOM Formats

[ Severe Tunderstom [ Gsle Warning [ Dense Fon Advisory [ Erocze ateh
Warning iR Fog Viarming [ Smell Crat Advisory For B Goosial Food Steement
Soas [ Specal Wesiher
ont

[l turricane Weming [ smell Crat Advisory

brto RicoVirgin Islands /#—

[ IR Current Stalement [ vaologic Outiook American S o N P,
[ lood Waming e Click on the map above for detailed alerts or Wamnings By State v Go  Public Alerts in XML/CAP v1.1 and ATOM Formats

IFish Flood visicn
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Practice! - Example #1 of weather.gov Exploration
) &: NATIONAL WEATHER SERVICE

g s® NAT ADMINIST

A\Q%a,

&

Created: 09/03/19 at 18:34 UTC Lots going on at this time!

NWS Forecast Office Wilmington, NC NWS Wilmington, NC

Weather.gov > NWS Wilmington, NC Weather Forecast Office

Current Hazards  Current Conditions Radar Forecasts Rivers and Lakes Climate and Past Weather  Local Programs

Click a location below for detailed forecast.

Watches, LE X |

Warnings & Zooy
|Advisories
»

Out

Storm Surge Warning 1l
Hurricane Warning

Tropical Storm
Warning

=
|
Flash Flood Watch |
|
|
o]

Storm Surge Watch
Hurricane Watch

B 9’% \ L, | g
//* 5, American Samoa brio Rico/Virgin Islands

e e N
Click on the map above for detailed alerts or |Warnings By State v Go ~ Public Alerts in XML/CAP v1.1 and ATOM Formats

Tropical Storm Watch
Hurricane Local
Statement

High Surf Adviso
[l Storm Surge Warning [l Excessive Heat Warning [JHurricane Local [ Beach Hazards nigh surt Advisory. |
urricane Warning [l Fiash Flood Watch Stalemont Stetoment Rip Current Statement [l

pecial Marine Warning [ Gale Warning [ Elood Advisory [CJFire Weather Watch Beach H .
i [ Lakeshore Fiood [ Coastal Fiood each Hazards I
Tropical Storm Warmning [l Red Flag Warning iy Sttmert Statement

castal Flood Warning [l storm Surge Watch

Coastal Flood Advisory Special Weather
[l Lakeshore Fiood [ Hurricane Watch — T Statement %sw/eather
Warning o HgRourl AGVISOry.
me [ Tropical Storm Watch ] Small Craft Advisory [[]Marine Weather
lood Warning Statement

i&p Current Statement -Air il Alert




A,B

Practice! - Example #1 of weather.gov Exploration

Weather Safety (3.n.) - impacts (potential and

occurring) and safety information are often included in

NOAA watches and warnings

NWS Forecast Office Wilmington, NC

Weather.gov > NWS Wilmington, NC

Current Hazards  Current Conditions Radar Forecasts Rivers and Lakes Climate and Past Weather  Local Programs

Click a location below for detailed forecast.

\Watches,
Warnings &
| [Advisories

Storm Surge Warning [l
Hurricane Warning )

Tropical Storm
Warning -

Flash Flood Watch |
Storm Surge Watch [l
Hurricane Watch [ |
Tropical Storm Watch [l

Hurricane Local
Statement

High Surf Advisory Il
Rip Current Statement 1l

Beach Hazards
Statement =

Hazardous Weather
Outlook

Last Map Update: Tue, Sep. 3, 2019 at 6:06:36 pm EDT

NWS Wilmington, NC

Weather Forecast Office

Dorian Local Watch/Warning Statement/Advisory Number 42
National Weather Service Raleigh NC AL052019
511 PM EDT Tue Sep 3 2019

...TROPICAL STORM WATCH REMAINS IN EFFECT...

* LOCATIONS AFFECTED
- Fayetteville
- Fort Bragg

*WIND
- LATEST LOCAL FORECAST: Below tropical storm force wind
- Peak Wind Forecast: 25-35 mph with gusts to 50 mph

- POTENTIAL THREAT TO LIFE AND PROPERTY: Potential for wind 58

73 mph

- The wind threat has remained nearly steady from the
previous assessment.

- PLAN: Plan for dangerous wind of equivalent strong tropical
storm force due to possible forecast changes in track,
size, or intensity.

- PREPARE: Efforts to protect life and property should now be
underway. Prepare for significant wind damage.

- ACT: Act now to complete preparations before the wind
becomes hazardous.

- POTENTIAL IMPACTS: Significant
- Some damage to roofing and siding materials, along with
damage to porches, awnings, carports, and sheds. A few
buildings experiencing window, door, and garage door
failures. Mobile homes damaged, especially if unanchored.

Unsecured lightweight objects become dangerous projectiles.

- Several large trees snapped or uprooted, but with greater
numbers in places where trees are shallow rooted. Several
fences and roadway signs blown over.

- A few roads impassable from large debris, and more within
urban or heavily wooded places. A few bridges, causeways,
and access routes impassable.

- Scattered power and communications outages, but more
prevalent in areas with above ground lines.

* FLOODING RAIN
- LATEST LOCAL FORECAST:
- Peak Rainfall Amounts: Additional 2-4 inches, with locally
higher amounts

- POTENTIAL THREAT TO LIFE AND PROPERTY: Potential for localized
flooding rain

- The flooding rain threat has remained nearly steady from
the previous assessment.

- PLAN: Emergency plans should include the potential for
localized flooding from heavy rain.

- PREPARE: Consider protective actions if you are in an area
vulnerable to flooding.

- ACT: Heed any flood watches and warnings.

- POTENTIAL IMPACTS: Limited

- Localized rainfall flooding may prompt a few evacuations.

- Rivers and tributaries may quickly rise with swifter
currents. Small streams, creeks, and ditches may become
swollen and overflow in spots.

- Flood waters can enter a few structures, especially in
usually vulnerable spots. A few places where rapid ponding
of water occurs at underpasses, low-lying spots, and poor
drainage areas. Several storm drains and retention ponds
become near-full and begin to overflow. Some brief road and
bridge closures.

Full text here:
https://mesonet.agron.iastate.edu/
wx/afos/p.php?piI=TCVRAH&e=%&
1909032111



https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=TCVRAH&e=201909032111
https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=TCVRAH&e=201909032111
https://mesonet.agron.iastate.edu/wx/afos/p.php?pil=TCVRAH&e=201909032111
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Practice! - Example #2 of weather.gov Exploration

National Weather Service Enhanced Radar Iff

NWS Forecast Office Chicago, IL Chicago, IL Radar

Weather.gov > Chicago, IL

b: Standard Version Local weather forecast by "City, St"

Current Hazards Current Conditions Radar Forecasts Rivers and Lakes Climate and Past Base Reflectivity

NWS Chicago, |

from: LOT C

4

Watches,
\Warnings &
IAdvisories

»
s
&

BV 4a

Satellite Image:
https://www.star.nesdis.noa
a.gov/GOES/index.php

Flash Flood Warning
Flood Warning

Severe Thunderstorm
Watch

Flash Flood Watch
Flood Advisory,
Small Craft Advisory.

NEE RN

Pontiac i b g
Beach Hazards X
Statement

Flood Watch

Special Weather i - / i
Statement S e et Seringfield '+ o Indianapol

Hazardous Weather o e Jere Haute
Outlook 4 5 ’ Carinvite

+Ingnnspon

- L
*Iﬂoom ington +l(olt omo+

_'Infuyeﬂe

*
Bloomington

Last Map Update: Thu, Sep. 12, 2019 at 10:25:03 pm CDT

_lincoln _Shampaign ! nuifle

+c.umm sville

Hydrologic Outlook - ‘ ZEn ' R

3 oo 2016 05 012 NOAANESOIS STAR GOES Easl Band o


https://www.star.nesdis.noaa.gov/GOES/index.php
https://www.star.nesdis.noaa.gov/GOES/index.php
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Practice! - Example #2 of weather.gov Exploration

Site Map Organization About Us Mobile Feedback [RIeNSVEwEaNFal

Current time (in UTC/GMT/Zqu)' 04:55:05
NOAA's National Weather Service

H ,‘\\;5 ™
g@ Sto "N'l R /rNetdnllc\\tlgn&xcenter Storm Prediction Centel

HOME | NEWS | SPC PRODUCTS | WEATHER INFO | FORECAST TOOLS | RESEARCH | OUTREACH | NWS/NCEP Search SPC...

Site Map News Organization

A Slight Risk of Severe Thunderstorms is Forecast Today and/or Tonight
Isolated severe thunderstorms will be concentrated across portions of southern Wisconsin and northern lllinois this evening. Other strong storms, with
isolated severe wind gusts, will be noted from southeast Kansas - Oklahoma - Texas South Plains.

» For additional details, see the latest Day_1 Convective Outlook.

Severe Thunderstorm Watch 651

< Previous WW

| MDs || outlooks || Fire | Public | Counties | Probabilities | Aviation | Warnings | Initial RADAR | Related MD

7 2 UNDERSTORM 0651
l = \Valid until: 09/13/2019 0700Z

Overview | Conv. Outlook | Watches | MDs | Storm Reports | Mesoanalysis | Fire | Hazards All Product

+ BRATNERD™

— States affected: IL WI LM
- — Issued: 09/12/2019 at 23352
&

MORTH

+ 81, _croud

THAVERSE
URGENT - IMMEDIATE BROADCAST REQU > + MDUGHTO!
Severe Thunderstorm Watch Number 651
NWS Storm Prediction Center Norman OK BEP Quarterly

635 PM CDT Thu Sep 12 2019 W pletter

s \ (

The NWS Storm Prediction Center has issued a |lidassud)

Products MILUALKEE

SPCF o + MASON_CITY " ‘
orecasts
* Severe Thunderstorm Watch for portions of |AESNEYvRNN |
R + JaTERLO8
northern Illinois Eso. Discussions e
southern Wisconsin pnv. Outlooks
ll | Tstm. Outlooks
* Primary threats include... +0ce_mazncs

. 3 v Scattered damaging wind gusts to 70 mph possible +orrume
@ SPC Activity Chart b 4 R Scattered large hail events to 1.5 inches in diameter possible + LAFRTETTE
V 20130313/0420 ; - A tornado or two possible sonmdin
- ] | + Tu0TANRPOLTS
TR %’nﬁ'ﬁf Norman, Oklahoma. o ol NWS Hazards Map PE g + TERRE_pauTE
Hazard more info for this watch s
Slight No Area No Area No Area No Area No Area NOAA Weather Radio
Elevated No Area No Area No Area No Area 1*amp*e : Research
Non-op. Products

P
- Valid from 635 PM until 200 AM CDT

https://www.spc.noaa.gov/ Forecast Tools T T Wk bt

Svr. Tstm. Events

Www.spc.noaa.gov products/watchww0651.ht  [ERieria oo e TR
ww0651. She st T
DNVGEEEENN Lov  |IINGGSREEN Low |

ml ducatlon & Outreach || Likelihood [IITTTINNN Very Low

44



https://www.spc.noaa.gov/products/watch/ww0651.html
https://www.spc.noaa.gov/products/watch/ww0651.html
https://www.spc.noaa.gov/products/watch/ww0651.html

Current Hazards
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Practice! - Example #2 of weather.gov Exploration

NOAA/NWS Watches and Warnings (3.n.) - look for differences in language

NWS Forecast Office Chicago, IL

Weather.gov > Chicago, IL

Current Conditi Radar F Rivers and Lakes

Climate and Pag

Click a location below for detailed forecast.

atches,
arnings &
IAdvisories

Flash Flood Warning 1l
ood Warning

Severe Thunderstorm

Watch

Flash Flood Watch
Flood Advisory.

Small Craft Advisory.

Beach Hazards
Statement

Flood Watch

Special Weather
Statement

Last Map Update: Thu, Sep. 12, 2019 at 10:25:03 pm CDT

Hazardous Weather
Outlook

Hydrologic Outlook

Flash Flood Watch
National Weather Service Quad Cities IA IL
747 PM CDT Thu Sep 12 2019

...Flash Flooding Possible This Evening...

.Thunderstorms produced heavy rainfall early this morning along
the Highway 20 corridor in northeast lowa and far northwest
lllinois, from Buchanan county east to Stephenson county. This
has saturated the soil and in addition this area has also

received at least several inches of rain the past week. A strong
I:old front will be sweeping across the area this evening. Intense
thunderstorms accompanying this front may produce rainfall rates
of 2 inches per hour. This kind of rainfall can produce rapidly
rising water along small creeks and streams. Flash flooding is
also possible in urban areas due to high rainfall rates.

Flash Flood Warning| |

1LC085-177-130815-
/O.NEW.KDVN.FF.W.0053.190913T0212Z-190913T08152/
/00000.0.ER.000000T0000Z.000000T0000Z.000000T0000Z.00/

BULLETIN - EAS ACTIVATION REQUESTED

Flash Flood Warning

National Weather Service Quad Cities IA/IL
912 PM CDT Thu Sep 12 2019

The National Weather Service in the Quad Cities has issued a

* Flash Flood Warning for...
Northeastern Jo Daviess County in northwestern lllinois...
Northwestern Stephenson County in northwestern lllinois...

* Until 315 AM CDT Friday.

* At 908 PM CDT, Doppler radar indicated heavy rain falling in the

warned area where ground is extremely saturated. EXpect flash
to occur of creeks, small streams, and low lying areas.



https://www.weather.gov/safety/
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Practice! - Example #2 of weather.gov Exploration

Following up after a real-time event:
What impacts were reported during this event?

e SPC Storm Reports -

https://www.spc.noaa.gov/climo/online/
o  scroll down to “Past Storm Reports”, enter date in
YYMMDD format (190912)
o click “Get Data", redirected here:

https://www.spc.noaa.gov/climo/reports/190912 rpts.html

TORNADO REPORTS.. (3)
@ WIND REPORTS/HL..... (28/2)

HAIL REPORTSAG..... (5/2)

TOTAL REPORTS....... {36)

S el Eoer

'
= High Wind Report (8SKT +) . R \-"\ ,,
Large Hail Report (2" dia. +)

Morman, Oklahoma

Y 9
PRELIMINARY DATA ONLV%
Lty
.

WARREN JO DAVIESS IL 4249 8999

NORTH
BARRINGTON LAKE IL 4220 8814

SMALL BRANCHES DOWN. (DVN)

PHOTO SHARED VIA SOCIAL MEDIA
OF LARGE TREE SNAPPED NEAR
BASE IN NORTH BARRINGTON. TIME
ESTIMATED BY RADAR. (LOT)



https://www.spc.noaa.gov/climo/online/
https://www.spc.noaa.gov/climo/reports/190912_rpts.html
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Weather of the Day - What's Up Today?

, )@ NATIONAL WEATHER SERVICE & Local focus:
e NOAA/NWS's = o o == coveral NWS Weather

weather.gov e, Forecast Offices (WFOs)
o visit now (if internet is

serve NC counties:
available), for October 4 Wakefield, VA
or 5' 2019! Blacksburg, VA
Knoxville-Morristown, TN
o look when you get home
o getyour students in the

Greenville-Spartanburg, SC
Raleigh, NC

habit of looking every

day

Newport-Morehead City, NC
Wilmington, NC

e What weather events,
watches and/or
warnings are going on?




More Practice! Tornado Demos

Indoor tornadoes!

Tornado tubes!
Pet tornadoes!

Questions:

y
*

Which way does
it rotate?

What happens
when it slows
down?

Tornadoes can be thin and rope-
like.

https://lwww.weather.gov/jetstream/tornado
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Add’l Resources and Finding More Info

scioly.org: discussion forums focused specifically on Meteorology,
test archive for practice

National Oceanic and Atmospheric Administrat"

AMERICAN METEOROLOGICAL SOCIETY
National Weather Service glossary meteorology
Site Map News

Home > Glossary

National Weather Service Glossary
This glossary contains information on more than 2000 terms, phrases and abbreviations used O ’

by the NWS. Many of these terms and abbreviations are used by NWS forecasters to .
&¥: NATIONAL WEATHER SERVICE

communicate between each other and have been in use for many years and before many NW. /@
JetStream  Topics v+ Topic Matrix  Lesson Plan Overview ~ NWS Info ~

products were directly available to the public. It is the purpose of this glossary to aid the gener. !u
public in better understanding NWS products. i

You can either type in the word you are looking for in the box below or browse by letter.

Search: JetStream - An Online School for Weather
\ Search Become weatherwise with NOAA

Browse by letter:

#ABCDEFGHIJKLMNOPQRSTUVWXYZ

See list/handout
for more!

A,B

Contact local
NWS WFOs to ask
if they'll allow you
to see a
radiosonde
launch!



http://glossary.ametsoc.org/wiki/Main_Page
https://w1.weather.gov/glossary/
https://www.weather.gov/jetstream/
https://www.weather.gov/jetstream/wfos

Thank you!

Grab a NOAA sticker because
science is cool!

50
Image Credits: S: Bender




