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NWS:  A Federal Government Agency 



 Watch/Warning 

Responsibility  

 20 counties  

 Southeast and South-

Central Wisconsin. 

WFO Milwaukee/Sullivan  

Service Area 

TAF Sites 



Goals of Presentation 

• Make more informed decisions 

• Know where to find additional weather 

information 



The Tools We Use… 

ASOS Station: 

7 in our CWA 



  

Radar 

Instrument  

Tower 

Rain Gauge 

Satellites 

The Tools We Use… 



Surface Obs and METARs 

METAR KMKE 011255Z AUTO 04015G20KT 5SM –RA BR  

    SCT047 OVC070 23/11 A3007 RMK A02 SLP034 

    P0003= 

73 

52 
034 5 



 



Webcams 

 



RADAR AND SATELLITE 

INTERPRETATION 



How Radar Works 

 

Radar 



How Radar Works 



How Radar Works 

Base level (0.5°) radar 

scan “sees” the lower parts 

of storms when they’re 

close to the radar and 

higher parts of storms 

when they’re further away 

from the radar (due to 

Earth’s curvature) 

The radar then tilts 

upward and does 

another rotation for a 

higher elevation scan.  

This process repeats 

several times, 

depending on which 

scanning mode it’s in. 



Radar Sampling Patterns 

Clear Air Mode Precip Mode Storm Mode 

Radar automatically detects clear air vs. precip mode.  NWS employee 

manually switches it to storm mode when necessary. 



Radar 

• How to figure timing or onset of precip 

using radar 

• Use time of radar and your fingers 

• Look out your window for “calibration” 

30 mins 30 mins 

20 miles 20 miles 
If you’re in the 

“green” area on radar 

reflectivity and you 

see yellow or red 

heading toward you, 

you can expect the 

rain to become 

heavier. 



 



Composite Reflectivity 

Shows highest 

reflectivity in a column 

Some precipitation may not 

be reaching ground 



Base vs. Composite 

Reflectivity 

  



Radar Velocity 

  



Radar Velocity Interpretation 

• Green:  Toward the radar 

• Red:  Away from the radar 

Radar 

Radar 

Highest winds are near leading 

edge of a squall line 

Red and green together show rotation (above) or 

divergence (e.g. microburst), depending on the couplet’s 

orientation in reference to the radar location. 



Base vs. Storm Relative Velocity 

• The motion of the storm is removed from the mean velocity 

• Storm-relative velocity shows velocity in the storm as if it 

were stationary 

• You may not be able to configure this feature correctly, 

depends on radar vendor 

Source:  http://okfirst.mesonet.org/train/materials/radar/srm1.gif 

 



Dual-Polarization Radar 

• Improvements to Conventional 

Doppler Radar Products 

– Precipitation classification 

– Feature identification 

– Better estimate of rainfall  

 amounts 

 

 

 

“Dual-Pol” 



Dual-Pol Radar 

• Transmits pulses in two orientations 

 

 

Versus 

Drag causes large 

raindrops to “flatten” 

Hail has a 

tumbling 

motion and 

appears 

spherical 



Dual-Pol Radar Products 

• Reflectivity 

• Velocity 

• Spectrum Width 

• Differential Reflectivity 

• Correlation Coefficient 

• Specific Differential Phase 

• Hydrometeor Classification Algorithm 



Differential Reflectivity 

• Tells us the shape of the target 

 

 

Horizontal power returned 

0 dB -7 dB +7 dB 

Drizzle,  

Small Hail 

Birds 

Vertically 

oriented 

Ice crystals 

Rain, 

Melting Hail, 

Insects, Birds 

Vertical power returned 



Differential Reflectivity 

 



Correlation Coefficient 

• Shows us similarities or differences 

between the scatterers 

0.2 

Low High 

Mixed precip types, 

Range of drop sizes, 

Non-meteorological echoes 

Same precip type, 

Similar particle sizes 

1.05 

CC 



Correlation Coefficient 

• Helps identify the melting layer 

• Icing usually occurs just above the melting layer 

Small 

Variety 

Small 

Variety 

Large 

Variety 



Correlation Coefficient 

• Where’s the 

melting layer? 

• If no melting 

layer: expect all 

snow or 

freezing drizzle 

 

Snow 

Rain 



Specific Differential Phase 

• Tells us how much liquid water is present 

in an area of precipitation 

• Heavy Rain Detection 

• Higher in hamburger buns 

    than in meatballs 



Hydrometeor Classification 

Algorithm 

 



More Information 

• http://www.wdtb.noaa.gov/courses/dualpol/outreach/ 

 

http://www.wdtb.noaa.gov/courses/dualpol/outreach/


SATELLITE INTERPRETATION 



Visible Satellite (VIS) 

• Thunderstorms 
• Towering Cumulus 

• Overshooting Tops 

• Anvil Shadows 

• Outflow Boundaries 

 



Visible Satellite (VIS) 

• Other Features 
• Lake Effect 

Clouds 

• Snow Cover 

• Fog 

• Marine Layer 
Clouds/Fog 

• Cirrus streaks        
(Jet Stream 
Features) 

• Hurricane 
Features 

 

http://apod.nasa.gov/apod/image/0412/lakeeffect_seawifs_big.jpg


Infrared Satellite (IR) 

• Measures 
Temperature 
of Cloud Tops 
• Colder is 

Brighter 
(higher 
clouds) 

• Warmer is 
Darker (lower 
clouds) 

 
• Now… 

    Use an 

    enhancement 



Infrared Satellite (IR) 

• Many Uses for IR 
• Convection 

Strength 

• Afternoon Drylines 

• Cyclone 
Development 

• Approach of Cold 
Airmasses 

• Hurricane Strength 
& Analysis 

 



Water Vapor Satellite (WV) 

• Mid and Upper 
Levels of 
Atmosphere 
• Brighter  

More 
Moisture 

• Darker  
Drier Air 

Vertical     

Ascent 

L 

H 
Subsidence 

Shortwave 

trough 

L 

Shortwave 

ridge 

Decaying 

thunderstorms 
New  thunderstorms 



Applications of Satellite 

Products 

 

• CA Coast:  Marine Layer 

• Dakotas/NE:  Low Clouds 

• Mexico  TX  KS:  High Clouds 



Terminal Aerodrome Forecasts 

TAFs 



Terminal Aerodrome Forecasts 

(TAFs) 

• TAF sites around the region 

• 24- to 30-hour forecast 

• 5-mile radius of site 

 

• Forecast 

– Wind direction, speed 

– Visibility 

– Weather 

– Ceiling Heights 

KUES 111801Z 1118/1218 05010G16KT 6SM HZ VCTS                                                                                            

SCT005 SCT040CB  

   TEMPO 1118/1121 3SM -TSRA BR BKN040CB  

FM112100 09007KT 6SM HZ VCTS SCT005 SCT040CB  

   TEMPO 1121/1201 2SM TSRA SCT005 BKN030CB  

FM120100 17005KT 5SM BR SCT035 BKN120  

FM120600 23005KT 5SM BR SCT035 BKN120  

FM121500 17005KT 6SM HZ BKN120= 



Flight Categories 

Amendment Criteria 

• We amend when we expect flight category to change 

• LLWS (>20 KT within 2000 ft of ground), PIREPS help 



• A scattered group before a ceiling group may hint that 

ceilings could become lower 

• 6SM visibility may hint that visibilities could be lower 

(MVFR) 

 

KMSN 240728Z 2407/2506 VRB06KT 3SM TSRA BR SCT015 OVC023CB  

   TEMPO 2408/2411 1SM +TSRA BKN015CB  

 FM241200 VRB05KT 3SM BR BKN007 OVC020  

 FM241500 14006KT 6SM BR SCT007 BKN015 OVC150  

 FM241700 20004KT P6SM BKN025 

 FM241900 26006KT P6SM BKN035 PROB30 2419/2423 5SM TSRA 

BKN025CB 

 FM250300 01004KT 6SM BR BKN070=  

TAF Hints 



Aviation Forecast Discussion 

.AVIATION...SOME LINGERING LOWER CLOUDS IN THE 

SOUTHEAST...MAINLY MVFR...SHOULD CLEAR OUT BY 

12Z THIS MORNING. VFR THEREAFTER AS DRY AIR 

WORKS IN. ATMOSPHERE DESTABILIZES THIS 

AFTERNOON TO BRING A SMALL CHANCE FOR MAINLY 

AFTERNOON INTO EARLY EVENING SHOWERS AND 

THUNDERSTORMS. A WEAK MID LEVEL SHORTWAVE 

ARRIVING THIS AFTERNOON WILL ADD SOME DEEPER 

LIFT TO THE INSTABILITY. ANY SHOWERS WILL DIMINISH 

QUICKLY IN THE DIURNAL DOWNSWING THIS 

EVENING...WITH SKIES CLEARING OUT OVERNIGHT. 

 

Found at bottom of Area Forecast Discussion (AFD) 



Forecast Challenges 



What Kind of Precipitation? 



Convection Basics 

• Moisture 

• Instability 

• Lift 

• Wind Shear (for severe storms) 



“Triggering” Mechanisms 

• Starts the convection 

– Low pressure systems 

– Air mass boundaries, Fronts 

– Sea/Lake Breeze 

– Thunderstorm ‘outflow boundaries’ 

– Orographic lift 
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Lake Breeze 
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Four Types of Thunderstorms 

Weak updraft
(non-severe
or severe)

 

Slight threat

Moderate 
updraft (non-
severe 
or severe)
 

Moderate 
threat

Intense updraft
(Always severe)

Mesocyclone -
Rotating updraft 

High threat

Moderate
updraft (non-
severe
or severe)

Moderate
threat

“Squall Line” 



Thunderstorm Life Cycle 

Cumulus Stage Mature Stage Dissipating Stage 

T 
S 

Cumulus Stage                 Mature Stage                     Dissipation Stage 



Keep distance of 



Brief Icing Overview 

 



Brief Icing Overview 

Types of Icing 

• Rime (most common) 

• Clear 

• Mixed 

Causes of Icing 

• Supercooled Liquid 

Water Droplets 

– Strike leading edge of 

airfoil 

– Freeze on impact 

• Residence time in cloud 

• Forms 0°C to -20°C 

• Common Temp -8 to -12C 

 



from Sally Pavlow, NWS Louisville 

Decreases  Lift 

Increases Weight 

Increases 
Drag 

Decreases 
Thrust 

Cumulative Affects of Icing 



Lightning 

 



Multi-Cell Thunderstorms 

Ordinary, non-organized storms with low severe threat 

 

Each cell lasts  20-30 

minutes, but a cluster 

can last for hours 

    Heavy rain is the main problem 

    Strong winds, small hail and weak 
tornadoes are possible 



Multi-Cell Thunderstorms 

Ordinary, scattered storms with low severe threat 

 



Squall Line - Bow Echo 

Well-developed shelf cloud is 

found on front side of line  

Storm moving left 

to right (W-E) 

This shelf cloud is ahead of        

bow echo on right! 



8-13-2011 Indy State Fair 

Straight-lined winds on leading edge of squall line 

7 Fatalities, 43 injured, Estimated Wind Gusts 70 mph 



Hail Shaft 

Copyright Paul Craven 



Hail Damage 



Downdraft - Downburst 

Storm Motion 

Gust Front  - is leading edge of downdraft/ 

downburst, you don’t see it but you do feel it as winds 

pick up and temperatures drop and then rain/hail start. 



Flash Floods 



Rotation in Updraft Tower 

Spiral bands and cork-screw look  



Rotating Wall Clouds 
An isolated lowering of the rain-free base, rotating 

on a vertical axis 

 

 

 

 

 

 

 

A good number of, but not all, tornadoes develop 
underneath or near a rotating wall cloud 



Funnel Clouds 

Doug Raflik 

Doug Raflik 



Tornado 



Tornadic Supercell Thunderstorm  
top-down view 

0 5 10 

miles 

Light Rain 

Moderate/Heavy 

Rain & Hail 

Gust Front 

Viewing angle 

N Shelf 

Cloud 

T 

Storm motion 

  Rotating 

Wall cloud 

Flanking Line 

Hook Echo 

(tornado 

found in rain-

free area 

within hook) 



Radar Loops 

May 20, 2013 Moore, OK 

Storm Relative Velocity Base Reflectivity 



Wisconsin Tornadoes 1950-2011 
Credit: Doug Norgord, Geographic Techniques 



Personal Safety 

This was a weak tornado – what 

about a strong or violent tornado? 



Goals of Presentation 

• Make more informed decisions 

• Know where to find additional weather 

information 



Weather.gov 



Four 

Areas of 

Interest 



Activity 

Planner 

Let’s say 

we want 

certain 

weather  

conditions 

NOT TO 

REPLACE A 

SPOT 

FORECAST 



Hourly Weather Graph 

Variables: 
• Temp 

• Dewpoint 

• Wind 

• RH 

• Sky Cover 

• Probability

(Precip. & 

Thunder) 

• Precip. 

Amount 



Graphical 

Depiction 



National Digital Forecast Database 

Use areal view 

to get an idea 

of uncertainty.  

Are you on the 

edge of two 

different 

weather types?  

Or are you in 

the middle of 

one type? 



Caveat! 

Aviation 

Pages 

May Be 

Different 



Aviation Page  

Presentations 

are toward 

bottom of 

page 

Use these!  

They can 

describe 

uncertainty 



• Java Tools 

– SIGMETs 

– TAFs 

– METARs 

– Flight 

Path Tool 

 

 



ADDS Highlights 

• Java Tools 

– SIGMETs 

– TAFs 

– METARs 

– Flight Path Tool   

(now a Java APP!) 

 

 



 

• NWS Mobile Weather Website 

• CWSU Mobile Weather Website 

Mobile Web Services 



NWS Mobile Weather Website 

mobile.weather.gov 





CWSU Mobile  

Weather Website 

• Many aviation and 

weather products 

www.wrh.noaa.gov/zoa/

MOBILE/ZOA2.htm 

 



CWSU Mobile Weather Website 

http://www.wrh.noaa.gov/zoa/MOBILE/ZOA2.htm 

  

 

Radars 

 

Local  

Radars 



CWSU Mobile Weather Website 

http://www.wrh.noaa.gov/zoa/MOBILE/ZOA2.htm 

  

 

 

AFD 

 

Weather 

Forecast Map 



New Technology on Horizon 

• Phased Array Radar 



Phased Array Radar 

• National Weather Radar Testbed (NWRT) 

– Military technology – used by Navy ships to 

protect naval battle groups from missile threats 

– Flat panel antenna 

– Scans sky in less than 1 minute 

– Possible cost-effective replacement 

for aging weather and aircraft 

tracking radars 

www.nssl.noaa.gov/tools/radar/mpar 



www.nssl.noaa.gov/tools/radar/mpar 

Phased Array Radar 

 



Any Questions? 

• Marcia.Cronce@noaa.gov 

mailto:Marcia.cronce@noaa.gov

