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INTRODUCTION TO WEATHER TRANSPARENCIES

CONTENT: This is one of a series of transparentidgbe sciences desigd to aid teachers in gra

4-8. The visuals and supporting information carnubed as a stand-alone curriculum or to illustrate
concepts ntroduced in textbooks and lectures. The desoriptiand images include weal
instruments and charts, clouds and storms, and émxhglobal weather phenomendhe overhear
progress from the more basic principles to increglgicomplex concepts arttleories. Each page
information corresponds to one of the overheads:

1. Weather Instrumentghe devices used to measure temperature, pegssund, and humidity

2. Weather Tablegharts disp.aving rie eo c'oc.cal rear in js an daraties

3. Formation of Cloudsillustrations and photographs demonstrating lotomds are formed

4. Types of Cloudspictures of classic high, middle and low levielutls; plus irregular clouds

5. Types of Precipitatiop”uctrations of vain, snow, sleet, f22zing-rdajl 224 virga

6. Weather Mapsex amples «f cymals. maps and inforihatior. tuisds re :asi ng

7. Storms diagrams and photographs of winter storms, thtstdrms, hurricanes and tornadoes

8. The Effects of Windssketches, maps and photographs showing effégtsnds on weather

9. Weather Phenomeng ictir es af tje 22m>mcn #nd th 2usiia’, re ggjc g, sundogs, etc.)

10. Global Issuesacid rain, ozone depletion, the greenhouse eféact glebal warming

SOURCES: While somefdhe images were created especially for this packest came from ti
internet. Almost all of the latter are in the pakbdlomain. For the others, permission was rect
from the photographer, artist, or agency. Credgiven along with the pictaritself, and the interr
addresses on the back pages list the locatiortsedftages and the information used in preparing
packet. (Especially helpful were the websiteshef NOAA photo library, the JetStream program,
the University of lllinois.)

USE: There.is'a colecrion offimiages on eask framency, This drranJeraentailows rziated topi
be conveniently grouped arna aiows costs 10 bemagd. (A simple way 1o aisplay only a few of
images at a time is to cover the other imagé#h a sheet of paper.) The descriptions arenofed t
assist teachers in presenting information...This ng of the ten sets in the science transpal
series,—Animals, Astronomy, Ecology, Energy Resources, Ggpl Human Body, Matte
Oceanography, 8ather, and Work, Force, and Motion. These andratfferings can be viewed
www.k8resources.com

Text: © 2008, Michael Berkowitz, k8resources, Sadaine



1. WEATHER INSTRUMENTS
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1. WEATHER INSTRUMENTS

Temperature: Instruments have been devised to measure the rf@ajor components of weatl
(temperature, pressure, wind, and moisture). & 1600’s Galileo developed a thermometer that
floating glass balls. When water temperature rigesdensity decreasesgausing the glass balls to si
By labeling glass balls of slightly different weighone can “see” the temperature rising or fallihg 171«
Gabriel Fahrenheit applied the same principle ef@kpansion of feed liquids: The level of mercury in
enclosed glass tube indicatine temperature...Another method, the expansiermtbmeter uses two me
strips that have been fused together in a coil.e Rutheir different rates of expansion, the c@éms up
when heated and tightens when cooled. An attapbeder indicates the temperature on a gauge.

Pressure One of Galileo’s stiiuerts (‘zvan j2list. Ty al serter  a iercuryiled tube in a bowl ¢
mercury. The pressure of the &i’'s ‘nceciles ca =the riercu y o the bowl suppordscolumn c
mercury 29.92 inches up the b2 vader nornral ‘tie mdi. W ith.gi2ater atmospheric pressure, thel
rises...The aneroid barometer (credited to Gottftieebniz in 1700) uses a bellows and spring tocaid ai
pressure. As an enclosed cylinder is squeezedhéystuirrounding air pressure, a pointer can inc
pressure changes on a scale, or a pen can makerd on a drum. (A balloon stretched tightly asrd
top of a glass jar demonstrates changes in aispres...In the “storm glass” (or “weather glassiyente«
by Johann Wolfgang voun Suethe colcre | watcr itFasgconté inier rises ¢nd ians with changes ingures

Wind: Weather vane: aro.sizipl: de ict s.to show wirgttl n. Tha. tr=didal i1 hoster on a vertical a
turns with the wind anc: points in the directionrfravhich the wind comes...A wind sock clearly shahe
wind’s direction and, to the degree it is filleddaextended, also provides a crude indication ofwiime’s
speed.The anemometer uses a set of cups attached tti@alaxis to give a more accurate reading of \
speed—the faster the wind, the faster the cupdvevo

Moisture: The first syster atic o 22oure ngnt 0i th 2 a 1c :nt@st ire: i1 ‘ne ir was based o tiact the
keratin in human hair stre ches v _her the _humidi I ris 2s _In this 5im.e h grometer, a lengtldestean
of hair causes the pointer to indicate that the iditygnchanged...Psychrome.ers use two thermomebese
with a wet bulb and one Wi a dry bulb. If the air is drier, the temperatof the wet bulb thermometer v
drop more since evaporation is a cooling procebss ¢ooling due to evaporation is quickened whes
apparatus is swung like a sling...Condensation aplbear on mior that is cooled enough, and the “f
created can be detected visually (or more precisgélyphotoelectric cells). Humidity can also be mead
when some substances change color or change welgint they absorb moisture...The rain gauge is §
a calibrated collector that shows how much preaih has fallen.

Remote sensing Radar, the reflection of electromagnetic pulsessed to determine where precipitatic
falling, and analysis of the returning signals ctermine the direction, dation, and motion of a storn
Radiosondes arzweciher balioons theat are Javrgieacriperatun2 -humidity, ana-piessuiv sensoheir
batteries power wansimitters that ieiay signalxisacecciveis-on Zarth: e route-it takes aéds@als win
speed and direction. In rising, with the decreamsiegressure aloft, the balloon increases fromfaet ir
diameter to about thirty feet before becoming $o that it bursts, to return gently back to Eafthrtks to it
parachute...Born aloft by theinds of a tornado, multiple sensor/transmittesmrTOTO (totable tornac
observatory) yield information about the winds amédather conditions inside a tornado...From a r
greater distance, satellites circle the Earth iwsgachronous orbits (remaig over the same position on
surface of the Earth). Launched by NAS#d operated by the National Oceanic and Atmosg
Administration (NOAA), they relay back to Earth iges and data about clouds, temperature, and
vapor.




2. WEATHER TABLES

F1 73-112 Moderate
tornado
113-157 Significant
tornado

Category | Winds
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Chart of hurricanes forjess Wind chill
Credit: NWS, NOAA

158-206 Severe
tornado

207-260 Devastating
tornado

261-318 incredible

Source: NOAA
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2. WEATHER TABLES

Hurricanes and tornadoes:Hurricanes are large tropical storms with windsro¥® miles per hour. Herb
Saffir categorized the strengths of hurricanes thase the damage inflicted by the wind, and RobempSor
added the effectsfohe storm surge. Their work has been combineithenSaffir/Simpson Hurricane Scale, v
five categories (1—weak, 2—moderate, 3—strong, 4r+&trong, and 5-devastating). Tornadoes are smi
and tighter than hurricanes, but can carve an ewvere destructive path. T. Theodore Fujita devigestcad
indicating the wind speed of and the correspondemgage wrought by tornadoes.

Wind chill: The wind can affect the perceived temperatulsdyeang outdoors on a blustery wintry day will sk
Principles of thermodynamics state that warm objexde heat to their surroundings. Thus one’s lslgas heat to
the air on a cool day. This effectiz.greator wimnwird s:2220s . away th~.~ir heated by one’sdadeeplaces
with colder air. The Natimwal Weather S2rice s wiri chill cha t sho vs therfsible temperature,” or just h
cold the air feels at a given actual t¢ n',cia Ut wi.e ta 1 wind speec. Caution should be takle@nvthe win
chill drops, as frostbite and hypouiermia may resyrhe s0-30B0 ruie 1orewarns that human flesh will freez
one is exposed for just 30 seconds to 30 mile par winds at 30 degrees below zero temperatures.)

Wind speed scale: In the early 1800’s Francis Beaufort developestae to categorize theegd and effects
the wind. He studied and codified the impact @f winds on the ship he was commanding. For thirteenber
(0-12), he assigned d:scptive tc.ms st ch asteregale, or torm) ana deune’' how a typicalnro&war
would respond.His sy ste 1 was ac opte 1 |y the B tish Royal Mzv¢ 38. 7 hi zughi the years, additions to
Beaufort scale have iiclul2d-descripion  of o#fi ¥cts at sei (wavers.2~.d 1ham forming), descriptiof the
wind’s effects on land (vn leaves and trees), stedided map symbols (barbs), and corresponding speads.

Relative humidity: Air is made up mostly of nitrogen (78%) and oagyg(21%). Along with much smal
amounts of carbon dioxide and other gases, theralao dust particles and water vapor in our atimasp Wate!
vapor gets into the air through tha eveoreration detens 22 pends, vivers, and streams) tarmligh
transpiration from plantsT lis n oi sture in he air 5 c7ile | Fimidity & joer ter peratures the molecules ir
air move further apart. Ttis leav s 1.2ore roomwie te r vé 20 moleci | :s, - yielc irey higher absolute humidi
Relative humidity, a more important indicator oé tiveather, 1s tne amount of rioisture in the aathet to hov
much moisture the air can hotd that temperature A psychrometer and a table can be used to daterthe
relative humidity. The dry bulb indicates the adtair temperature. A wet bulb, one covered witthaanp clotl
(muslin), will show a lower temperature as the @rapon of the water will cool the material. (Hemtergy raise
the kinetic energy of the water molecules to thmpthat they will change from a liquid to a gaslhe drier th
air is, the more the wet bulb’s temperature wibldue to evaporation. By lookingtae decrease in the wet b
reading at a given air temperature, the relativaidity can be found. At a relative humidity of 2@80the air i
saturated and can not hold any more water. Thedgtation, clouds, fog, or dew will form. (Themperatus tc
which the current temperature must fall to reacb%4@elative humidity is called the dew point).

Heat index table Relative humidity also influences how the aieéfs.” The combined effects of h
temperatur2 anc-high - kumidity can sesuncomifte.gha-even-dancerous. —\Waen iz numan body hpatd
produces swedat to ccor-cown. ' Tre 'evagoretiondasvirorm-fie’'sdin iniertne alr reguiles nea. endrgm the
body to give the liquid molecules enough kinetiergy to escape as a gas. Thus swgdeads to the coolit
effects of evaporation. When the air is very huntichay be almost or completely saturated. Timesstveat me
not be able to evaporate. In this event, not ololgs the skin feel uncomfortably clammy, but thdybis at risk.
The results can include fatigue, sunstroke, heahps, and heat exhaustion. The heat index asaigasnerice
value to each combination of temperature and xdtumidity—the higher the number, the greater the risk.

National Weather Servicesues warnings and advisories to alert people, egdjyethose with lung or relate
health problems.




3. FORMATION OF CLOUDS

Cloud forming from orthographic lift

Credit: Michael Berkowitz
Cloud on Russian mountain

Credit: Collection of Dr. Igor Smolyar, NOAA/NODC

Clouds forming from convection

Credit: Michael Berkowitz

Cumulus clouds from above
Credit: Michael Berkowitz
Cloud forming at coldgrog
Credits: JetStream,National ath @
Cumulonimbus along ¢Rld front
REVIEW)

Credit: Historic NWS Collection

Cloud forming at warm front

rvice,

Credits: JetStream,National Weather

Cirrus at warm front
Credit: Ralph Kresge, Historic NWS, NOAA

Convergence and clouds
Credits: JetStream,National Weather Service, NOAA

Waterspout
Credit: Dr. Joseph Golden, NOAA
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Fog at Golden Gate Bridge
Credit: NWS Collection ; NOAA

Fog at Peruvian coast
Credit: EOL, Johnson Space Center, NASA



3. FORMATION OF CLOUDS

Condensation: Clouds form when water molecules condense, ok stigether. The energy and mo
of the water molecules confim the air's heat. In warm enough temperatutesparticles’ energies ¢
enough to overcome the attraction between thegestthemselves. If the air cools enoutite wate
molecules slow down to the point that attractionsesthem to glom onto condensation nuclei (bit
dust in the air) and to each other. Thus clougblets form.

Rising, cooling, and condensing Clouds most commonly form when relatively waamd moist a
rises, cools, and condenses. Since the partiflegioner air are moving more, they spread out.c&in
the air becomes less dense, < ises.. At " ighe. at siis wi h fev < inolecules to collide with, t
temperature of the air drops. (s aria ati: .o aw =e<(h » tem ;erature to drop 5.5 degrees/ésy
1,000 foot gain in altitude.) “Toc.rgad: 10 e ccndens atinn of water molecules. rellage fou
situaions in which warm, moist air is lifted: at a nmain, at a location where air is heated, at aa ai
low pressure, or at a front.
Orographic uplift: As air approaches a mountain, it is forced upwadd it rises up the slope
cools in the thinneair at the higher altitudes. This cooling causasdensation to occur. Thus, e
on a fair weather rlay'a si'm 2it ¢ an often be 'ctbeds.
Convective uplift: Wnen tl e Su'in st nes, it 'eats the fac= oEg # .~ That in turn heats the
just above. As te pLorticies of “ir 2re.energizbdy move ar2tnu n ore and mofether apar
Becoming less der.se, packets of air rise to thetpdiere they cool off in the thinner air abovehe
cooling causes the particles to slow down to thatgbat their attraction to each other is greater
their kinetic energy ofmotion. Thus they stick together, clinging attfite condensation nuclei, a
then to each other.
Convergent uplift: Ai 11icVe > nem ueas M hicn ore ssuie to 'owe & surroundig a “low” will
move toward itconve g2-at tonent o, ana be fo ce s ap. Thayior this warm air will cause
moisture to cool and conder se. =x mrlas ¢ thoig ot torrad es T nd b urricanes.
Frontal uplift : A large area of air sharing similconditions of pressu.e, humidity, and tempeeg
is called an air mass. A cold air mass typicalg & higher pressure because its particles are m
more slowly and are closer together. The leaddggef a cold air mass is called a cold froAs it

approaches a warmer air mass, the denser coldiagsca wedge under the lighter warm air mass

The wedge forces up the warm, moist asausing it to rise, cool, and condense. In prooec
cases, the pressure difference causes an abrufpitngpbf very warm and very moist air, creating
vertical cumulonimbus clouds of thunderstorms..nwsely, the leading edge of an approac
warm air mass is called a warm front. Since tlo®mning air is less dense, the warm air will ge
ride up wer the denser cold air mass. The rising air @athl and condense forming horizontal cil
or a layer of strati-form clouds.

The formation of 10g: Fog is merely a cloud near the grouna. Oncenatliea air 1S cooled to the po
that the water moledes condense. This can occur by either adiabatting or by contact. In adiaba
cooling, as in the examples above, warm air rises|s, and condenses: Upslope fog forms as v
moist air is force up a mountainside, and frontg forms as the arm, moist air at a warm front ri¢
over the cooler air already there...In three offieerations, fog is formed by the contact betweemstoce
and cold. In radiation fog, as the land radiatestimto the atmosphere on a cool and clear nightatt
nearthe Earth cools, and its moisture condensestebmnsfog and sea smoke, moisture rising from &
comes in contact with cold dry air and condendesadvective fog, warm, moist air condenses wh
comes in contact with cooler surfaces such as Mstisering snow or cool San Francisco bay waters.




4. TYPES OF CLOUDS

Cirrus
Credit: Ralph Kresge; NOAA

Cirrocumulus
Credit: John Adam, Old Dominion U, EPOD

Cirrus from space
Credit: Earth Observatory, NASA

Altocumulus
Credit: Ralph Kresge; NOAA

s SAMPLE

Altostratus
Credit: Ralph Kresge; NOAA

Stratus

Credit: Ralph Kresge; NOAA
Stratocumulus N I Y F R
Credit: Ralph Kresge; NOAA

Nimbostratus
Credit: Ralph Kresge; NOAA

Cumulus
.. PREVIEW
Cumulonimbus

Credit: Odet Raphael/EPOD
Mammatus
Credit: Ben Eenhorn; EPOD

Cap cloud

Credit: Linda Selvggio, Brentwood
Freshman Center EPOD

Contrail
Credit: NASA

Kelvin
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Iridescent cloud
Credit: John A. Adam, Old Dominion Univ., EPOD

Nacreous
Credit: Matt Thompson; EPOD

Noctilucent
Credit: Earth Observatory, NASA GSFC



4. TYPES OF CLOUDS

Classification: In 1802 Luke Howard proposed a classificatiortesysof clouds still used today. It was based
on their height and their nature, with their naragsn derived from Latin root words, (cirrus—cuflt@ir or
high; alto—middle; stratus—Ilayer; cumulus—heap; lus—rain). Descriptions of clouds often combine tw
of these roots, as altostratus are mid-level layeteuds. Each cloud type has a particular shepggarance,
and height. Formed under particular condsiah moisture, temperature, and approaching aisesgshe clou
type can be an indicator of approaching weather.

High clouds: Because of their height (above 20,000 feet)usiaolouds are thinner. Because of the colder
temperatures at such altitudes, they are madeeafricstals. Cirrus clouds are thin and wispy. &gimay curl
their ends so they look like mare=’<zils. The@e*her is setizs bt thev-zfzn precede a distann
front...Cirrostratus clouds form & thin wh tich fil v thg u\ 'hick th 2 Sur or Moon can easily be seen, (along
with an accompanying halo at times) 7ney 'ov/e tax ke 1 as a'/arm -ont approachesirrocumulus

clouds are high, small clumps. They are causedibgls amid rising air masses. The small puffs oy
packed in patterns suggesting the fish scales'wiagkerel sky.”

Middle clouds: Altocumulus clouds, lower in the sky (6,000-2@0@6et), are usually made of water vapor. If
temperatures are colder, however, they may cookise crystals. They are caused by the convecibieg of
heated air. They there’ore enc to L2 lu nf y,—iloc ™88 rows, or oands I he'r I mpn ess affordmteeme
shadowing, unlike the hir ner cit ‘0:uiat us  Thég: indicate tk xtcccld fror ti canindhltostratus are
more brmless, having 1 ur.far, ap pea \nc2..Den er emekg th 2 sun 1i..hasely visik'e through themthdy
thicken, they can develcp into the nimbostratusidsoof a warm front.

Low clouds: Stratus are low, flat, layered clouds that cawest of the sky. If the low layer is lumpy, with
patches or rows, they are stratocumulus cloudsenGipeckled with spaces of blue in between thikay, t
typically appear after a rair..indicetina the clew|l breals 1o and fair weather viill appear so@ense, dark
and poorly defined nimbos ratu’ ¢ ten 7 cc ympan i .ro it, Jrinaing a ¢ng pei od of light to modtxr
precipitation.

Vertically developed Cumulus clouds form from the rising of warm, hdrair. Fair weather cumulus clouds
look like small cotton balls with flat bases allthé same height. They form from the convectiseng of air;
typically as the afternoon temperatures risgumulus congestus are larger, more developed cliibdghe
uneven, dense tops that give them the appeararmaailifiower.. The cumulonimbus is the tallest, often
billowing out with an anvil-shaped top. This urdeavariation can yield thunderstorms with risirgdumns of
air that produce hail. On a rare occasion, saggoughes of sinking colder air hang from their lsas®using
the mammatus sometimes associated with a tornado.

Localized clouds Cap clouds sometimes cover a mountaintop whatively warm, moist air is forced up its
slope... Contrails are the condensation trailfefwater vapor left by the exhaust of an airplajet’s
engines... Turuulence hetween layers of colder zmwr temneratures caises the eddy currents treatho
wave-like appearaice ta kelvinHeirchalzcloads,

Higher up: The highest clouds are very thin layers of igstals. Some cirrus are white (from reflected
sunlight), but also have iridescent shadings ofgy@slors (from diffracted, or scattered, sunljghClouds
even higher up do not have enough substance trtdfyjht; only offering diffracted light. Thaght isso fain
that they can only be seen after sunset, whenktharsd background light from the Earth have weallene
Nacreous clouds can only form in extreme coldhgy tare only visible in the winter, between ten amenty
miles up, and only in the higher latitudes. Timeaokname, “mother of pearls,” derives from the e¢slof the
diffracted sunlight...The highest are the noctitadouds, at about 50 miles, seen in the summpoliar
regions.
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5. TYPES OF PRECIPITATION

Background: Temperature and humidity are crucial in the fdiaraof precipitation. Air at a give
temperature can only “hold” a certain amount of idity, or water vapor. If the air is saturated fali
of water, the reltive humidity is 100%. At that point there wik lzlouds and probably precipitati
As water drips from a fully saturated sponge, piaiion fallsfrom clouds that are full. One way
this to occur is if more moisture is added to tire @&nother way is for the temperature to drop
colder air cannot hold as much water vapor as warane can..Temperature is also critical
determining what form of precipitation will fall,sathe freezing point for water is 32 deg!
Fahrenheit (zero degre€elsius, or Centigrade). Whether it is rain, snskeet, freezing rain, or h
depends on the temperatures-in the ~loud. in thard.~f the gro:»d.itself: The water vaposmnow
and hail freezes in the cloua,.in slee, 't froe'me s 2 iir; £1C in fre 2zing rain, it freezes oa gnound.

Rain: The simplest to observe from Earth is rain. Beeaof the warmth of the air and the gro
the precipitation stays in the liquid form. (Sinitds colder in the higher cloudsain sometime
originates as snow, but it melts while passinguglothe warmer air below.)

Snow: The next simplestta urderstard is cnow: Thegipiation Legins vwwhan water vapor in clo
form ice crystals whel the einperatire is Le.owd88rer s S nce 11e Aair [ pasgbrough is als
cold, the HO molec ile< stay in the 50 d state until strik hg grcund: It the ground is cold enot
the snow remain as solid white flakes which caruandate. If the ground is warmer than 32 deg
flakes melt on contact. (llhe temperature is dropping but the previous hoanse Hbeen milde
sometimes the snow will melt on roadways and draagsy and yet it might not melt on blades of ¢
or leaves—surfaces which have cooled faster.)

Sleet: Here the precipi atic.) | as Lee 2 tiquie th or <ta tng-as radie (Or <1ow which has melidy
in its descent). The drcps hoy/ever fil2eze wh s | t ironigh 2old > air The resulting small gte
will bounce when striking the ground or other haudfaces.

Freezing rain: As the name suggests, this precipitation fallsa@#s andreaches the ground. If 1
ground temperature is below 32, the rain will feseforming a slippery, glazed surface. |
prolonged ice storm, the ice can build up in exe#sisalf an inch on limbs, powdines, and road
This can result in treacherous driving conditiond &ss of electricity (especially with higher wa)d

Hail: This time atransition from liquid to solid actually occurs thin a cloud. In a ta
cumulonimbus cloud, there can be rising currentsiof Should a falling raindrop get caught in one,
will be lifted to a height where the temperatureoséd enough to freeze it. Once its weight overes
the uplift, the Meilstone will feul." As/it'fal spsisturasirahe ¢ old wigohcense on ts cclder surfe
adding another layer 1o the nailstone. I it igiagcaugnt in the updrait, it wili rise, causing tiew
outer layer to freeze also. Eventually it willlfatbm the cloud, but sometimes, with enough reicyg
through the cloud, the concentric layers will acalate until the hail becomes “golfbadized” or eve

“grapefruit-sized.”

Virga: Sometimes the air beneath the cloud is sigmfigadrier than the cloud from which t
precipitation starts to fall. As it descends, rean evaporate, changing from a liquid back to & ga
snow can sublimate, changing from solid to gase pitecipitation seems to vanish: Streaks arele
beneath the cloud, but end before reaching thénEart
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