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Atmosphere Composition

Nitrogen 78.08%

Oxygen 20.95%

Argon 00.93%

Carbon Dioxide  00.035% 

Neon 00.0018%

Helium 00.00052%

Methane 00.00014% 

Krypton 00.00010%

Nitrous Oxide  00.00005%

Hydrogen 00.00005%

Xenon 00.000009%

Ozone 00.000007%

Dry air in lowest 80 km of atmosphere



Weather Defined

• The state of the 

atmosphere at some place 

and time, described in 

terms of such variables 

such as:

– Temperature

– Cloudiness

– Precipitation

– Wind speed and 

direction



Climate Defined

• Weather conditions at 

some locality averaged 

over a specified time 

period.

– Departures from long-

term averages 

– Extremes in weather



Meteorology is the study of the atmosphere and the 

processes that cause weather.



Climatology is 

the study of the 

climate, its 

controls and 

variability.





The Atmosphere



Troposphere

• Lowest part of the 

atmosphere

• 4 miles deep North Pole

• 10 miles deep at equator

• Most of the weather occurs

• Strong wind circulations

• Temperature cools with 

height



Stratosphere

• Above the troposphere

• 6 - 30 miles above earth

• Ideal for jet aircrafts

• Temperatures warm with 

height

• Pollution worries

• Ozone



What Causes The Weather?

• The sun heats Earth 

unequally

– Only half the planet 

receives sun at one 

time

– Amount of radiation 

varies from place to 

place

– Earth tilts as it 

revolves around the 

sun



Earth’s Radiation Budget





World Solar Radiation



U.S. Solar Radiation

Higher Terrain, 

Less Cloud cover



Seasons

Equal 

Day/Night

Equal 

Day/Night

Day>Night

Night>Day

14+ hours 

14+ hours 

Austin: Max 14 hours 7 minutes             Min 10 hours 12 minutes

San Antonio: Max 14 hours 2 minutes   Min 10 hours 16 minutes 





Temperature

A measure of heat



Effects of Clouds on Temperature
in daytime

Cloudy skies = cooler temperaturesClear skies = warmer temperatures



Effects of Clouds on Temperature
at night

Clear skies = cooler temperatures Cloudy skies = warmer temperatures



Water and Phase Change



Hydrologic

Cycle



Dew Point

The temperature at which water vapor begins to 

condense into liquid water



Temperature, Dew Point, and

Relative Humidity Relationships



Air Pressure

A measure of the force or weight of air



Air Pressure Trends

Air pressure rises and falls two times a day

Wednesday Thursday Friday Saturday Sunday



Forces that affect Wind

• Air pressure

– Temperature

– humidity

• Centripetal

• Coriolis

• Friction

• Gravity



Air Pressure Affect on Wind

High Pressure

Low Pressure

Wind flows from high pressure to low pressure



Coriolis Effect on Wind

High Pressure

Low Pressure

Because the Earth is rotating, it is not a direct path

Coriolis Effect (NH)



Coriolis Effect on Wind



Coriolis Effect on Wind



Coriolis Effect on Wind



Air Pressure Trends
Rising air pressure=clearing or continued fair weather

http://upload.wikimedia.org/wikipedia/commons/9/90/Downtown_San_Antonio.jpg
http://upload.wikimedia.org/wikipedia/commons/9/90/Downtown_San_Antonio.jpg


Air Pressure Trends
Falling air pressure=stormy weather



Adding it all Together…



Air Mass

Large body of air with 

similar temperature 

and moisture 

characteristics in any 

horizontal direction



Types of Air Masses

Air mass Winter Summer

Continental
Arctic

Bitter cold 
and dry

n/a

Continental
Polar

Very cold 
and dry

Cool and 
dry

Continental 
Tropical

Warm and 
dry

Hot and dry

Maritime
Polar

Mild and 
humid

Mild and 
humid

Maritime 
Tropical

Warm and 
humid

Warm and 
humid



Fronts
Fronts are boundaries between different air masses



Cold Front
Cooler, denser air is advancing to replace warm air



Cold Front
Cooler, denser air is advancing to replace warm air



Warm Front
Transition between warm air and colder air



Warm Front
Transition between warm air and colder air



Other Fronts

• Stationary front

– Little movement

• Occluded front

– Two fronts overlayed

on each other

• Squall line

– Line of 

thunderstorms

• Dry line

– Boundary between 

dry and moist air



Other Boundaries
Sea breeze and land breeze



Other Boundaries
Sea breeze and land breeze



What are clouds?

A bunch of tiny droplets of water or ice

http://pixdaus.com/single.php?id=40562
http://pixdaus.com/single.php?id=40562


Clouds cover 50 percent of the earth at any given time



4 Ways To Make A Cloud
1. Surface Heating - evaporation



4 Ways To Make A Cloud
2. Mountains – orographic lift

http://www.pixdaus.com/single.php?id=85237
http://www.pixdaus.com/single.php?id=85237


4 Ways To Make A Cloud
3. Air Pressure

L



4 Ways To Make A Cloud
4. Cold or Warm Front

http://upload.wikimedia.org/wikipedia/commons/0/01/Example_of_a_cold_front.svg
http://upload.wikimedia.org/wikipedia/commons/0/01/Example_of_a_cold_front.svg


Cirrus Clouds
Highest clouds – above 18,000 ft



3 Types Of Clouds
2. Cumulus

http://pixdaus.com/single.php?id=101386
http://pixdaus.com/single.php?id=101386


Cumulus Clouds
Mid-level heights – 5000 to 12000 ft



Cumulonimbus Clouds
Can produce lightning

http://pixdaus.com/single.php?id=63288
http://pixdaus.com/single.php?id=63288


Stratus Clouds
Very low – sometimes touch the Earth

http://pixdaus.com/single.php?id=17567
http://pixdaus.com/single.php?id=17567


Weird Clouds
Mammatus

http://pixdaus.com/single.php?id=17552
http://pixdaus.com/single.php?id=17552


Ways to Monitor Clouds
Weather Satellites



Two Main Types of Weather Satellites

Polar Orbiting

• Travel pole to pole

• Every 12 hours

• 530 miles above earth

• High resolution



Two Main Types of Weather Satellites

Geostationary

• Stationary over the 
equator

• Every 15 minutes

• 22,300 miles above earth

• High resolution



Satellite Imagery

• Visible

• Black and white photo 
of Earth from space

• Resolution of 0.6 mi

• Can locate storm 
centers, fronts, fog 
banks, thunderstorms

• Also sees dust storms 
and snow and ice 
cover



Satellite Imagery

• Infrared

• Measures the surface 
temperature of all 
objects

• Distinguish low and 
high clouds

• Available day or night



Cool Texas Satellite Pictures

December 2004 snow



Thunderstorm Climatology



Thunderstorm 
Ingredients

Moisture

Instability Lift



Thunderstorm Life Cycle



Thunderstorm Hazards



Why South Central Texas is 

“Flash Flood Alley”



1996-2012:  Over 100 

Flood Deaths in 

South Central Texas

Why Does This Happen?



Winter 2017-18 Outlook



What goes into 
long range forecasts?

1.El Niño/La Niña

2.Trends

3.Tropical Oscillation

4.NAO

5.Pacific Decadal Oscillation (like ENSO 
but longer time scale)

6.Wet or Dry Soils

7.Statistical Tools

8.Dynamic Models

9.Consolidation (first guess based 

on models)



What’s the Driving Force?  
El Niño – Warming of Pacific waters

La Niña – Cooling of Pacific waters



Main Focus Area



Modern Historical Cycles 



Typical Wintertime El Nino Impacts



Typical Wintertime La Nina Impacts



+0.5°C above normal = El Niño

-0.5°C below normal = La Niña





Cycles?  Million $ Question…Is 

Weather Getting Worse?  

Drought Flood Tornadoes



Is the Reporting Getting Better?

Hundreds of chasers hit 

the road every day in 

the Spring and early 

Summer



No Rain

Dry Soil

Dry Plants

Low 

Moisture, 

Low 

Humidity

Drought Severity Cycle



Wet

Dry
14.99 14.88

Is Drought Unexpected?













Precipitation is important 

and highly variable

Data sources are few and

rain gauges are far apart

P
R

IS
M

: 
u

se
d

 b
y
 p

er
m

is
si

o
n

CoCoRaHS



4-inch diameter high 

capacity rain gauges

Aluminum foil-wrapped 

Styrofoam hail pads

Once trained, 

volunteers collect 

data using low-cost 

measurement tools . . .

Training is important to assure 

accurate, high quality data



made up of volunteers of all 

backgrounds and ages . . .

. . . who take daily measurements of 

“just precipitation” right in their own backyards”

“CoCoRaHS is a national

grassroots, non-profit community 

based, high-density precipitation 

network



www.cocorahs.org



www.cocorahs.org

















weather.gov



weather.gov/austin



Tombstone Forecast



Text Forecast



Hourly 

Graph



River

Data



mobile.weather.gov



Questions? Comments?

Thank You!

Jon W. Zeitler
Science and Operations Officer

National Weather Service

Austin-San Antonio Forecast Office
2090 Airport Road

New Braunfels, TX 78130

Office: 830-310-3159 Cell: 830-822-0566

jon.zeitler@noaa.gov             @jonzeitler

Web: weather.gov


