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Definition of Weather

Weather: Condition of the atmosphere at a particular time
and place.

Comprised of:




Definition of Weather

Weather: Condition of the atmosphere at a particular time
and place.

Comprised of:

Air temperature: Degree of hotness or coldness

Air pressure: Force of the air above

Humidity: Amount of water vapor in the air

Sky conditions: Clouds, water droplets (liquid) or ice
crystals (solid) above the surface; but also report haze,
smoke, dust, etc.

Precipitation: Water that falls clouds and reaches ground
Visibility: Farthest distance one can see.

Wind: Horizontal movement of air
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Automated Surface Observing System
(ASOS)




When .01inches
of rain falls into
first hucket...

... I tips due
to welght of
water and
empties into
the cylinder.

A second bucket
moves into place

to collect water
and the lﬂ:nu::
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Surface Station Model (U.S.)

Simplified Surface-Station Model

Temperature (°F)

Wind direction (from the NW)

Wind speed (18-22 knots)
Total amount of clouds
(overcast)
Barometric pressure at sea level

[ (1013.8 mb)
48 138
8- +22/ Pressure tendency during past

45 ( 3 hours (rising)

Amount of pressure change in
past 3 hours (2.2 mb)

Sign indicating whether pressure

Present weather (light rain)
Dew point (°F)

is higher or lower than 3 hours ago

Notes: Temperature and
wWind

Stations outside U.S. use
degrees Celsius for
temperature

Wind barb direction
reverses in southern
hemisphere.

Surface observations typically reported every three to six hours
In U.S. at designated observing sites with a three letter identifier

(e.g. NWS offices, airports).



Surface Station Model (U.S.)

Simplified Surface-Station Model

Temperature (°F)

Wind direction (from the NW)

Wind speed (18-22 knots)
Total amount of clouds
(overcast)
Barometric pressure at sea level

[ (1013.8 mb)
48 138
8- +22/ Pressure tendency during past

45 ( 3 hours (rising)

Amount of pressure change in
past 3 hours (2.2 mb)

Sign indicating whether pressure
is higher or lower than 3 hours ago

Present weather (light rain)
Dew point (°F)

Notes: Pressure

Leading 10 or 9 is not
plotted for surface
pressure

Greater than 500 =
950 to 999 mb

Less than 500 =
1000 to 1050 mb

988 = 998.8 mb
200 = 1020.0 mb



Sky Cover, Weather Symbols
on a Surface Station Model

Total Sky Cover

ROSOS@IHOO

No clouds

Less than one-tenth or one-tenth
Two-tenths or three-tenths
Four-tenths

Five-tenths

Six-tenths

Seven-tenths or eight-tenths

Nine-tenths or overcast with
openings

Completely overcast

Sky obscured

Common Weather Symbols
[ ] .
8® |ightrain \v/ Rain shower
*
o%  Moderate rain vV Snow shower
e @ Heavy rain e Showers of hail
* % Light snow 4» Drifting or blowing snow
*** Moderate snow % Dust storm
*:* Heavy snow Fog
99 Light drizzle Haze
A Ice pellets (sleet) | Smoke
(O\D Freezing rain R Thunderstorm
(@\) Freezingdrizzie §  Hurricane




Mumbers indicate the weather code as used in synoptic weather

WEATHER SYMBOLS reports (ww, present veather reparted fram @ manned weather

station, as defined in WMO Pub. No. 30&-A).

OOO O]Q O?OOB 04[\,\,05630 068 O7$ 08 . 09(%)

Cloud devesopment nat | Clouds generally Clowds ganerally forming Dust susperded in the Duststorm or sandstam
chsarvediobserveble dissolving during pesst State of sky unchanged | of deweioping during pest | Vistbity reduced by Haze. i, bul nor raksed by Diusst or sand raised by Dusl dewls now of within | not at stalicn but within
during past haur. Frour during past hour faur, smoka wind wind. sight
o — aum e _ = ® ' ( o
[N [ —— I\ \

Palches of shallow fog &t | Continuous shallow fog Precipiation wisbie bul | Precipilaton reaching the | Precipitation resching the | Thunder heand but no Tamads, walerspoul, of
Mt stadion, nol deepar fan | al slation, nol despar Lightring visioks, butne | not reaching ground at pround nict at o near the | ground nok al the slafion | preciptation al fie Wind squal naw ar furmel clowd observed

m {10 matses) then 2 m (10 m at sea) thunder hagrd, station, stafion but &t & distence. | butnearty statian during the past hour. o oF during pest hour,

20 21 22 23 24 25 e 26 *'- 27 A 28 29 -
’ ° * - (\)] v v Vi :_I R

Racenl drizzie [not Recen rain {nof fraezing, | Recant snaw [not Fecant rain and snow Fresazing drizzla or rain Thundarstarm, with or

fraezing, not showers) il showers) during past | showers) during past (ol sheneers) during past | [nol showers), nol row Rain showers, notnow | Snow showars, notnow | Hail o bail and rain, nat | Fog, not now but during | withau! pracipitation, nal

during past hour. bewr haur Faour, but during past hour butt during pest hour. bt guring st hour. i bt duing pest hour, | past bour. ner bl dunng past hour.

30 31 32 33 34 35 36 37 _L, |8 9y
SICS TS e S TS 47w +

Slightfmodersta Slightimoderats Sightimodarate Severs dis o dustssam or Distzham ar sandsiorm

duststorm orsendstorm, | dustslorm or sandstom, | dustshorm or sancstorn, | Sandstom, which has sandstom, o change severe, has noneased Drifting snow, sight or Dirifting snow, haewy, Blowing snaw, slight or Blawing snow, heawy.

decreasad during hour. | nochange during hour | incressed during hour decressed during hour. [ during past hour dhring past hour madarats. moderate

For &t a distance but nat Foxg, shy discemable, Fog, sky not discemabie, Foq, sky vishile, has Foxg, sky not visible, hes

o stalion during past Fachy fog and has bacome thirner | and has bacome thinmer | Fog, sky discemabie, o | Fog, sky notvisbie, no | begun or become thicker | begun or bacome thicker | Freezing fog, sky visible | Freezing fog, siy not

. dunng past hour durng past hour «chenge dunng past hour | change during past hour | during pest hour, during past hour wisibia

50 51 52 53 54 55 56 57 58 59 ¢
I AR T T A RN A B A I M ONOT OO M- M

 J
Diizzlz, light, intermittant, | Orizzle, light, continous, | Drizzle, moderata, Crizzie, modersta, Drizze, heavy, Diizzla, haavy, confincus, | Freezing drizzie, light Freezing drizzie, Drizae and ran mixesd, Drizzie and rain moed,
it freezing nat freezing inbarmittent, nal freeging. | conlinuous, not freezing. | nlermittant, not freazng. | not reeging moderate orheavy light. modersta or haavy
60 61 62 63 o 64 65 e |66 68 o 69 *
[ oe . )4 ® O\ H
[ e ® [ ) . * *
Rain, light, intermisiend, | Rain, light, continous, nat | Rain, medarate Ran, moderate, Rain, heavy, inermittant, | Rein, heevy, continous, | Fraeaing rain, light Freezing ran, moderale | Rain and snow mixed Rain and snow mived
not fraezing freezing inemnittent, not freezing, | continuous, not freezing. | nof freszing not fraezing o hagwy, light. moderahs o heayy

70 71 72 73 74 * 75 x 76 77 78 79

* * * * ok -— A X /\
* * * %k * * = 3 /
Sovw, bght, intermittent. | Snow, light, canfinaus. Snow, moderata, Snow, modarats, Snow, heawy, inbarmitiend. | Snow, heavy, continous. | Ice neadles, with or Snow grans, wih o Snow cryslais, wilh ar loe pellats {shaet).
intermittent. canlingus withoul fog withaut fog wilhout fog

80 ¢ (81 e (82 g [83¢ (848 [85 % [86 % (87, (88, [89,
Y v Vv Y, v \% v vV 7 v

Rain'snaw showers
Rain showers, hght Rein showers, moderete | Rein showers, tomential. | Rainfsnow showers mixed, moderate or Snow showears, light Snow showers, moderate | loa palet showers, light. | los paliet showars, Hail light, nat associsted
or haawy mixed, fght heany. or haawy moderate or heavy. with thundar.

20 A 21 Q2 e|93 Q4 ¥, |95 &% (94 A (97 o 98 &+ (99 A&
2 MRECY ISR EA - M E¢/ A ML Kl r e ¢ ES A

Heail, moderate or heswy, | Rein, light. Thunder Rain, moderate or heevy. | Light snow or rainfsnow | Moderste or heavy snow | Thundersiam, light or
not associted with begrd during pasthour | Thunder heard during mixec with hal. Thunder | or ramn/snow with hal moderate Ranorsnow, | Thunderssam, light or Thundersiom, severe Thurderstorm, with Thunderstom, severs,
Irwnes. baut mat i past hour but not now feard during past hour Thunder in past hour bast nay hal miedarate, with heil Rein ar snow, but na hal, | duststorm orsandsiomm. | with hai

Copyright ©1998 WEATHER GRAPHICS TECHNOLOGIES, P.O. Box 450211, Garland TX 75045 www.weathergraphics.com



Surface Pressure Tendency

Pressure Tendency

Rising, then falling

Rising, then steady; AN
or rising, then rising more slowly

Barometer
Rising steadily or unsteadily > now higher
than 3 hours

Falling or steady, then rising; ago

or rising, then rising more quickly J

Steady, same as 3 hours ago

Falling, then rising, same or
lower than 3 hours ago

\

Falling, then steady; or falling,

then falling more slowly Barometer

Falling steadily, or unsteadily > now lower
than 3 hours

Steady or rising, then falling; ago
or falling, then falling more quickly )




Wind Entries

Miles
a by I (N i
@ Calm Calm Calm
— | 12 1-2 -3
> 3-8 3-7 4-13
| o4 8-12 14-19
| 1520 | 13-17 20-32
N | 2125 | 1822 | az40
N | a1 | 2827 41-50
W | spa7 | 28 51-60
N\ | 3843 | 3337 61—69‘
W\ | 4449 | 3842 | 70-79
W\ | s50-54 | 4347 80-87
b | ss60 | 4852 88-96
A | 6166 | 5357 | g7-108
L\__ 67-71 58-62 107-114
AN | 7297 | 6367 | 1152124
A\ | 7883 | 6872 | 125134
Mo | sss0 | 7377 | 135-143
Ay | 119-123 | 103-107 | 144-108

Wind Speed

How to read:

Half barb =5 knots
Full barb = 10 knots
Flag = 50 knots

1 knot = 1 nautical mile per hour = 1.15 mph

“& = 65 knots




Wlnd direCtiOn The direction of the

barb reflects which
way the wind is
coming from

NORTHERLY
From the north

360°

l\\_ 270° 90° _‘“

180°
\éVESTiRLY EASTERLY
rom the west From the east
SOUTHERLY

From the south



Eastern
Colorado
Snowstorm
12-29-06

'

e 3{1
4 3‘% e
52?. f =832
wE 3 o2
424 f
(=
254 |
3g

0

3;3',/ s
4 ¥y
-‘2

>3

(From UCAR RAP website)



What was happening in Colorado?
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(CNN images)
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Limon, Colorado (LIC)

Weather conditions

STATION IDENTIFIER



Limon, Colorado (LIC)




Limon, Colorado (LIC)

1 _"F
4 e _ "
e~ "0 Weather conditions
d@ ., | =
rF_
e = Temperature: 21°F
L. Dewpoint: 18°F
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Limon, Colorado (LIC)

S _i
B »
e 2 M0 Weather conditions
T - i 4
£ o Temperature: 21°F
‘;I Dewpoint: 18°F

Pressure: Not available
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Limon, Colorado (LIC)

Weather conditions

Temperature: 21°F
Dewpoint: 18°F
Pressure: Not available
Sky conditions: Overcast



Limon, Colorado (LIC)

L
hwiND*SREED
AND DIRECTION

Weather conditions

Temperature: 21°F
Dewpoint: 18°F

Pressure: Not available

Sky conditions: Overcast
Wind: North-northwesterly at
30 knots, gusting to 34
knots.



Limon, Colorado (LIC)

| e -
| ."'-.I‘ " ope Weather conditions
g | =
)., G
o Temperature: 21°F
'I' F Dewpoint: 18°F
" 1" Pressure: Not available
\ Sky conditions: Overcast
i 1. . Wind: North-northwesterly at
i 1 /4 30knots, gusting to 34
PREEIPITATION knots.

Precipitation: Moderate
Snow



Limon, Colorado (LIC)

' _-1.[* g Weather conditions
il |
b, G2
o Temperature: 21°F
N~ Dewpoint: 18°F
™ Pressure: Not available
i | "ul Sky conditions: Overcast
| " . Wind: North-northwesterly at
- ! /. 30knots
- 1.8 Precipitation: Moderate
VISIBILITY:

Snow
Visibility: Quarter mile



Amarillo, Texas (AMA)
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Amarillo, Texas (AMA)
L r!” }“&.”

TE!}‘IPE Weather conditions
Temperature: 35°F
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Amarillo, Texas (AMA)
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Weather conditions
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Amarillo, Texas (AMA)

e
S @ 1&"
Weather conditions

PREISSU E Temperature 35°F
f Dewpoint: 33°F
" Pressure: 1014.4 mb
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Amarillo, Texas (AMA)
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" Weather conditions

Temperature: 35°F
Dewpoint: 33°F
Pressure: 1014.4 mb

d Sky conditions: Overcast



Amarillo, Texas (AMA)

g
&

Weather conditions

Temperature: 35°F

Dewpoint: 33°F

Pressure: 1014.4 mb

g SKy conditions: Overcast
Wind: Northwesterly at 10

! knots



Amarillo, Texas (AMA)

— | . - ..1
& Weather conditions

Temperature: 35°F

; Dewpoint: 33°F

_Pressure: 1014.4 mb
Sky conditions: Overcast

d Wind: Northwesterly at 10
knots

£ Precipitation: Light rain
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CIPITATION
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Amarillo, Texas (AMA)

' u |
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e -‘:' Weather conditions
5 = .i"' 1
= i : . Temperature: 35°F
J b -, i Dewpoint: 33°F
- "% % Pressure: 1014.4 mb

Sky conditions: Overcast
¥ wind: Northwesterly at 10

g
; - ‘ knots
.1-V|S|B|L|-I’E‘§/ .!-'l' . Precipitation: Light rain

'|~_ | L ": Visibility: Five miles



Upper Air Measurements

Weather balloons, or
radiosondes, sample
atmosphere up to 10
mb.

They measure:
eTemperature
Moisture
Pressure

They are tracked to
get winds using
global positioning
satellites (GPS)
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Year=2015

Number of Stations: 2978
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https://www.ncdc.noaa.gov/data-access/weather-balloon/integrated-global-radiosonde-archive

Upper Air Station Model
(At specific pressure level)

Upper-Air Model (500 mb)

l-—I:

-15 564
+04
5 L

E

Temperature (°C)

Height of pressure surface in meters with
first 3 digits given (5640 meters)

12 hour height change in meters
(04 equals 40 m)

Sign indicating whether height is
rising or falling

Dew point depression (difference between
air temperature and dew point, °C)

Wind speed (58-62 knots)

Wind direction (from the southwest)




500-mb Map: 12-29-06




500-mb Conditions at Denver (DEN)
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500-mb Conditions at Denver (DEN)

Height of 500-mb Surface:

5620 m




500-mb Conditions at Denver (DEN)

Height of 500-mb Surface:
2620 m
Temperature: -20° C




500-mb Conditions at Denver (DEN)

Height of 500-mb Surface:
2620 m

Temperature: -20° C
Dewpoint: -22° C
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500-mb Conditions at Denver (DEN)

—1% Height of 500-mb Surface:
£ 5620 m
- Temperature: -20° C
553 g Dewpoint: -22° C
Winds: Southeasterly at 25
— knots
WIND SPEED

AND DIREC

I I.



Ocean data
National Buoy Data Center

Drifting and
moored
ocean buoys.

b PR Em, GEBCD, IHO-IOC G-EB-CI.'.I NEE 'Em, GEBCO, ]}nL-a -
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https://www.ndbc.noaa.qgov/



https://www.ndbc.noaa.gov/

Aircraft reports: Aviation Weather Center

Pilot Reports (PIREPs) of Turbulence
1631z — 1750z 08,/29/18
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https://www.aviationweather.gov/



https://www.aviationweather.gov/

IR (10.7 microns)

T

Most commonly
used satellite data
for daily weather
forecasting

Visible (0.63 microns)




Geostationary satellite data coverage

Global Geostationary Satellite Coverage

T ﬁ}ﬂ‘l L} L) L)

5k S GOES-W GOES-E heteosat


https://www.rap.ucar.edu/%7Edjohnson/satellite/coverage.html#global_coverage

Polar orbiting satellite
14 orbits per day, 2x daily snapshots

https://www.rap.ucar.edu/~djohnson/satellite/covera
ge.html#qglobal coverage



https://www.rap.ucar.edu/%7Edjohnson/satellite/coverage.html#global_coverage

RADAR = 7?77

ERSE
REFLECTIVITY

MODE: PRECIP

& 2005 Thomsaon - Brooks/Cole



RADAR
(RAdio Detection And Ranging)

REFLECTIVITY i
fi

SE
MODE: PRECIP |
28 DB

2005 Thomson - BrooksiCole

Principle: Detects reflected radiation emitted for short wavelength
radio waves. The degree of reflectivity corresponds with the
intensity of precipitation (or what ever else in the beam path).
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REFLECTIVITY
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WHICH RADAR IMAGERY INDICATES THE MOST DANGEROUS
i THUNDERSTORM?
CHOOSE E IF YOU THINK THEY'RE ALL EQUALLY DANGEROUS.



NEXRAD COVERAGE BELOW 10,000 FEET AGL

VCP 12 Coverage

3,000 ft above ground level™

6,000 ft above ground level*

10,000 ft above ground level™

0 375 750

miles

*Center of beam height (assuming Standard Atmospheric Refraction)
Terrain Blockage Indicated where 50% or more of beam blocked

Tiua

v

https://www.roc.noaa.gov/WSR88D/




Sky conditions = % cloudiness + cloud type

, Clrrostratus (Cs), Cirrocumulus (Cc)

NOAA/NWS AND NASA’S SKY WATCHER CHART

Typical Types: Cir_rus (Ci

High Clouds

H1: Cirrus

In the form of filaments,
strands, or hooks

Middle Clouds

Dense, in patches or sheaves,
not increasing, or with tufts

Hé: Cirrostratus
Cirrus bands, increasing,
veil above 45° elevation

ﬁ"

HS: Cirrostratus

H4: Cirrus
Cirrus bands, increasing,

HS: Cirrocumulus
Alone or with some cirrus
or cirrostratus

Nimbostratus (Ns

H8: Cirrostratus
Not increasing, not
covering the whole sky

Altocumulus (Ac

H7: Cirrostratus
Translucent, completely
covering the sky

In hooks or filaments,
veil below 45° elevation

H3: Cirrus
increasing, becoming denser

Often anvil shaped remains

H2: Cirrus
of a cumulonimbus

M86: Altocumulus

From the spreading of
or cumuloni

M5: Altocumulus

e

M8: Altocumulus
Chaotic sky, usually at several

M8: Altocumulus
layers, maybe w/ dense cirrus

With cumulus-like tufts

M7: Altocumulus
or turrets

One or more opaque layers, w/
I 45 or nimb

M2: Altostratus or M3: Altocumulus
expanding, thickening

M1: Altostratus

Mostly semi-transparent, sun
or moon may be dimly visible

Semi-transparent, one level,
changing shape and size®

Nimbostratus
cloud elements change slowly

Dense enocugh to hide
the sun or moon

Low Clouds

-

L4: Stratocumulus LS: Stratocumulus L6: Stratus.
Not from the spreadi Ina {

g layer
andfor ragged shreds

M4: Altocumulus
Lens-shaped, or continually One or more bands or layers, "
Typical Types: Stratus (St), Stratocumulus (Sc), Cumulus (Cu), Cumulonimbus (Cb)

L& Cs
With fibrous top, often
with an anvil

L8: Cumulus & S
Not spreading, bases at

L7: Stratus Fractus
different levels

and/or Cumulus Fractus
Of bad weather

L3: Cumulonimbus
Tops not fibrous, outlinenot  From the spreading and
ing of and f g of

L2: Cumulus

(]
Ce,

WATIONA,

L1: Cumulus
With little vertical extent

Moderate/strong vertical
i I sharp, no anvil

extent, of g

ATMOSp
an0 He 3

»
4 o
ATment oF ©




Approx: Above 23,000 ft. (7000 m), less than approximately 300 mb

Clouds

H1: Cirrus H2: Cirrus H3: Cirrus H4: Cirrus H5: Cirrostratus

In the form of filaments, Dense, in patches or sheaves, Often anvil shaped remains In hooks or filaments, Cirrus bands, increasing,
strands, or hooks not increasing, or with tufts of a cumulonimbus increasing, becoming denser veil below 45° elevation

Typical Types: Cirrus (Ci), Cirrostratus (Cs), Cirrocumulus (Cc)

H6: Cirrostratus H7: Cirrostratus H8: Cirrostratus H9: Cirrocumulus

Cirrus bands, increasing, Translucent, completely Not increasing, not Alone or with some cirrus
veil above 45° elevation covering the sky covering the whole sky or cirrostratus




Approx: Above 6,000-23,000 ft. (1800-7000 m), 800-300 mb

Middle Clouds

M1: Altostratus M2: Altostratus or

Mostly semitransparent, sun Nimbostratus
or moon may be dimly visible =~ Dense enough to hide

M3: Altocumulus M4: Altccumulus M5: Altocumulus
Semi-transparent, one level, Lens-shaped, or continually One or more bands or layers
cloud elements change slowly changing shape and size® expanding, thickenin

M&: Altocumulus M7: Altocumulus M8: Atocumulus M9: Altocumulus
From the spreading of One or more opaque layers, wf  With cumulus-like tufts  Chaotic sky, usually at several
cumulus or cumulonimbus  altestratus or nimbostratus or turrets layers, maybe w/ dense cirrus




Approx: Less than 6000 ft. (1800m), surface to 800 mb

Low Clouds

LR e |
-~

-h

Frp— e — —_— . 4
= —_——=

L1: Cumulus LZ: Cumulus L3: Cumulonimbus L4: Stratocumulus
With little vertical extent Moderatefstrong vertical Tops not fibrous, outline not  From the spreading and
extent, or towering cumulus  completely sharp, no anvil flattening of cumulus®

Typical Types: Stratus (St), Stratocumulus (Sc¢), Cumulus (Cu), Cumulonimbus (Cb)

| [T

e &

L35: Stratocumulus L6: Stratus L7: Stratus Fractus L8: Cumulus & Stratocumulus L9: Cumulonimbus
Not from the spreading In a continuous layer andfor Cumulus Fractus Not spreading, bases at With fibrous top, often
and flattening of cumulus andl/or ragged shreds Of bad weather different levels with an anvil
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