Science – 6 (Mrs. Marano)
Meteorology Reference Packet
Weather: the present condition of the atmosphere at any location
*Changes mainly as the result of solar radiation hitting the various layers of our atmosphere.  
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Solar energy is the main source of heat energy.  
Heat rises and cold sinks.  This rising and falling air
 results in constant change (weather)
We’ll divide weather into three main variables (parts):

1. Temperature

2. Pressure

3. Humidity

. 


I. Layers of the atmosphere: each layer blends with one another, but each layer has its own, individual characteristics (qualities)
Atmosphere: mixture of gases (78% nitrogen, 21% oxygen) and tiny solid particles that surround the Earth.  Protects us from the sun’s harmful rays and is always changing

Altitude: height of an object above the Earth's surface
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A. Troposphere: layer closest to the Earth, densest (most packed) layer, contains almost 90% of the atmosphere's total mass.  Almost all of Earth's carbon dioxide, water vapor, clouds, air pollution, weather and life forms found here. 
B. Stratosphere very thin, very little moisture
Temperature rises with altitude because of ozone

Ozone:  molecule made of three oxygen atoms. Almost all 
ozone if found in the ozone layer. Ozone absorbs solar 
energy in the form of ultraviolet radiation warming the air. 
Ozone protects life on Earth from these harmful UV rays

C. Mesosphere coldest layer. Large wind storms
 (320+ km/h) found here

D. Ionosphere: NOT QUITE A LAYER! 
(upper Mesosphere/lower Thermosphere)
Nitrogen and oxygen atoms absorb harmful solar energy
(ex. X-rays/gamma rays), this causes the gas particles to 
become electrically charged (ions) Sometimes these ions
radiate energy as light of different colors (Aurora 
borealis – Northern lights)
E. Thermosphere: temperature increases with altitude (can reach 1,700ºC), many gases are absorbing solar energy
F. Exosphere: Outer space

II. Temperature The amount of heat (solar radiation) that reaches the Earth

Influenced by:
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Angle of Solar Radiation – sun light that is directly overhead (90°) will heat you more than light that is just over the horizon (1°)

B. Type of Object being heated- Dark objects, including soil and rocks 
absorb the sun’s energy very quickly and they heat up fast.  Light objects, such 
as snow, ice and water, absorb the sun’s energy and heat up very slowly. 
C. Number of hours of day light
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D. Cloud cover: Only a small portion of the tremendous amount of 
energy radiated from the sun actually enters the Earth’s 
atmosphere

1. Reflection: 25-34% is bounced back to
space by clouds

2. Absorption: 19-20% is soaked up by the 
atmosphere (things such as water vapor, dust, ice crystals)

3. The remaining 47% actually reaches the Earth’s 
surface.  Here the heat is refracted to the objects 
closest to the ground, warming them up. 
HOWEVER: At nighttime, clouds act like blankets and keep the heat in the atmosphere
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E. Heat Transfer: Heat will travel from a hotter object (heat source) to a cooler object (heat sink).  This heat exchange occurs because hotter objects have a higher amount of kinetic energy (move faster) than cooler objects.  This exchange will continue until the objects reach the same temperature.
1. Radiation: transfer of energy 
from the heat source in all directions by 
electromagnetic waves.  The sun heats 
Earth's surface by radiation
2.  Conduction (contact): transfer 
of thermal energy from one object to another 
by direct contact (ex. Foot touching a hot sidewalk)
3. Convection: heat rises, cools, then sinks, 
most thermal energy in the atmosphere moves by 
convection

Convection cell/current: created when lighter hot air rises, cools and then heavier cool air drops
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STEP 1 GROUND IS HEATED BY 


RADIATION FROM THE SUN
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STEP 3 CONVECTION

             Cool air sinks


  Warm air rises


STEP 2 GROUND HEATS AIR TOUCHING IT BY CONDUCTION
The Earth's heating process where the gases in the atmosphere, such as greenhouse gases carbon dioxide and water vapor, trap thermal energy is known as the greenhouse effect.  This trapping of heat can cause an increase in average global temperatures, known as global warming  
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III. Air Pressure: Air made of tiny gas molecules pushing down.  This air PUSHING is air PRESSURE. 
[image: image10.png]19% absorbed
by the atmosphere

asr rfiected 4
by clouds.

7% absorbed
by Earth's surfaces, land and water



[image: image11.png]Vacuum

Glass Tube

— Alr
Pressure

Mercury

Mercury Barometer




A. Measured with a barometer
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     1. Mercury barometer: invented in 1643 by Evangelista Torricelli.  Has a long glass tube filled with mercury that is placed open end down in a dish of mercury.  The more the air pushes down on the mercury in the dish, the more the mercury in the tube will rise (the greater the air pressure must be)
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     2. Aneroid barometer (no liquid): A flat metal box with a flexible top and bottom is used.  All the air is sucked out of the box (creating a vacuum chamber).  The higher the air pressure is, the more the box is squeezed together.  Levers are attached to a chain which is attached to a pointer on a meter that registers this change. 



BAR is a word cell that means  Pressure
B. Labels: units per area.  Many examples: 

Newtons per square meter, Pounds per square inch, Atmosphere (atm) average pressure exerted 
by the Earth’s atmosphere at sea level, Torr: pressure needed to push a column of Mercury up 1mm,
*****millibar (mb) – this is the label we will use!
C. Changing pressures: (Think “thumbs up”, “thumbs down”)
1. Rising pressure usually signals the approach (or continuation) of fair weather. 
“Fair” means clear, dry skies.
2. Falling pressure usually means a storm is coming. 
Why? Moisture in the air pushes less than dry air.
D. Air Pressure and Temperature
Temperature is a measure of the average kinetic energy of particles.  
The higher the temperature, the more heat energy there is, and the molecules spread 
farther apart, everything is not as squished or condensed.  Less dense means less pushing 
or less pressure  The greater the temperature, the lower the pressure.
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                                                          Cold air – packed (HIGH Pressure)
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Warm air – spread out (LOW Pressure)

E. Areas of Higher Pressure will always move towards areas of Lower Pressure
Imagine you are stuffed into a room, elbow to elbow with all your classmates.  This is what 
HIGH Pressure is like.  Now imagine there is no one in the hallway, it’s all empty.  This would 
be an area of LOW Pressure.  If someone opened the door, what would naturally happen?


Some of you would spread out into the hallway.
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IV. Winds: Horizontal movements of air parallel to the Earth’s surface, measured in two parts: 
speed and direction.
Wind speed is measured with an anemometer with a label of knots 1 knot =1.85 km/hr
[image: image21.png]g

-
O




[image: image22.png]Weather Map Symbols

Station Model
Temperature (°F)

Present weather- 28
Visibility (mi) \\_:’_1?*
. 2
Dewpoint (°F) ., 27
Wind speed l/

[whole feather = 10 knots

Amount of cloud cover
(approximately 75% covered)
Barometric pressure
196 (1019.6 mb)
Barometric trend
+19/ 2 steady 1.9-mb rise
the past 3 hours)

.25 Precipitation
o (inches past 6 hours)

] Wind direction

(from the southwest)

half feather =_5 knots
(1 knot = 1.15 mi/hr)

total = 15 knots

Y ™ 1 A BN e 1 Y . N



Wind direction is measured with a weather vane (weather/wind sock). It points to where the wind is GOING. Named by where the wind came from.  Example: if a person from the South travels he is a Southern.  Likewise, a Southern wind comes from the South.  The labels are North, South, East, West or a combination of the above
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A. Local Breezes 
Water needs to gain/lose a lot more heat energy in order to change its temperature 1°C.
Winds will move from areas of higher pressure to areas of lower pressure causing
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1. Sea breeze






2. Land breeze
By Day:






By Night

Water is cooler (longer to heat)
Land is warmer 
Water is warmer (longer to cool)   Land is cooler
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Higher Pressure


Lower Pressure
Lower Pressure

       Higher Pressure

If there is room, breezes that move horizontally are pushed by differences in air pressures.  
If there is no room to move horizontally (only vertically), this movement is caused by warm air rising or cooler air sinking (shown in the next section)
3. Valley breeze




4. Mountain breeze
During the day, the land is heated.  


During the night, the cooling air sinks down the 
This warm air is forced upward.


sides of the mountain.
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B. Global winds
1. The Equator is hot and wet = low pressure.  
Winds will move toward the low pressure, the Equator.

2. Lighter air from the equator then rises
3. As the air rises, it will cool and then sink.  
This creates a CONVECTION CELL
4. Now move this convection 
cells over the surface of the Earth.
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Polar Easterlies: come from the poles and from the east
b. Westerlies: come from the west. Where we live. This is why our weather tends to move from west to east
c. Trade winds: travel to locations where many sailors would trade
d. Doldrums = equator (no wind)

e. [image: image31.png]


Jet stream: a zone of winds, concentrated in the upper atmosphere, blowing from west to east in the northern hemisphere. These winds act to "steer" our weather systems.
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C. Because the Earth rotates, winds do not travel straight.. Instead, 
winds are deflected (bent) to the right in the Northern Hemisphere.  The 
opposite occurs in the Southern Hemisphere (winds are deflected to the left).  
This bending is known as the Coriolis Effect
D. Wind chill is how cold the air feels. Wind chill is based on the rate of heat loss from exposed skin caused by wind and cold. As the wind increases, it draws heat from the body, driving down skin temperature and eventually the internal body temperature. Therefore, the wind makes it FEEL much colder. If the temperature is 0 degrees Fahrenheit and the wind is blowing at 15 mph, the wind chill is -19ºF. At this wind chill temperature, exposed skin can freeze in 30 minutes.
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V. Humidity: the amount of moisture (water vapor) in the air
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A. Absolute humidity: number of grams of water vapor in one cubic meter of air.  Seldom used!  Difficult to determine and different air temperatures can hold different amount of water vapor

WARM AIR can hold MORE moisture (see pages 3 and 7)
Example: If you were told a vehicle contained ten people, could you fairly be able to say it’s crowded?  No, you need to know the SIZE of the vehicle.  Yet, if you were told a vehicle is 90% full, you could fairly say it’s crowded.

In the example, the absolute humidity is the same, 
but how the humidity FEELS changes!  How it feels 
is its Relative Humidity.
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B. Relative humidity (RH): % of air that is full of moisture
amount of moisture in the air  
how much the air can hold
For example: the relative humidity in a desert is 0% and when it is raining it is 100%
When we reach 100% Relative Humidity, we have reached the dew point temperature, which means the air can hold no more moisture, the water vapor condenses, and precipitation occurs.

Relative humidity is a better indicator for predicting when condensation will occur; the higher the relative humidity, the more “sticky” we feel, and the more likely it is it’ll rain
C. Air Pressure and RH: Air is made mostly of oxygen and nitrogen gases (very heavy).  If we replace the dry air with the less heavy water vapor, pressure will decrease (remember: falling pressure = thumbs down)
The greater the relative humidity, the lower the pressure.

D. Temperature and RH: For every 10°C increase, air can hold two times more moisture.  As temperature decreases, air can hold less water vapor and gets closer to its dew point.
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The higher the temperature, the lower the relative humidity. 
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Careful – 
as temperature increases, more water 
tends to evaporate (raising the 
absolute humidity)
E.  RH is measured with a hygrometer 

1. hair hygrometer: has strands of human hair attached to a pointer.  The hair lengthens or shortens due to humidity and the pointer indicates the change in position.  As human hair absorbs moisture, they lengthen.  This explains why you hair appears longer after you wash it.
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2. psychrometer: has two thermometers – one is the dry bulb (plain) and the other is the wet bulb (has a wet cloth around the thermometer)

Evaporation is a cooling process

The psychrometer is swung around in the air.  
The drier the air is the more evaporation will occur on 
the wet bulb.  This evaporation causes the 
temperature on the wet bulb to drop 

100% Relative humidity = no water evaporates 
dry bulb = wet bulb temperature

You are at the dew point
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F. Rules for using Relative Humidity (and Dew Point) Charts:
1. All temperatures must be in °C
2. Need to know the dry bulb temperature and temperature difference 
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Example: Calculate the relative humidity if the dry bulb reads 10°C and the wet bulb reads 8°C

1. Dry bulb is 10°C
2. Difference between Dry bulb (10°C) and Wet bulb (8°C) is 2°C
3. The relative humidity is 76%
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Dew point temperature the temperature when the air can no longer hold any more moisture and precipitation occurs.  Remember: COOLER AIR can hold less moisture.
The closer the air temperature is to the Dew Point, the higher the relative humidity is.

Example: What is the Dew Point temperature if the dry bulb reads 22°C and the wet bulb reads 18°C?

1. Db is 22°C
2. Difference between Dry bulb (22°C) and Wet bulb (18°C) is 4°C
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3. The dew point temperature is 16°C
VI. Water cycle: the continuous movement of water from water sources into the air, onto and over the land, into the ground, and back to the water sources
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Evaporation liquid water changes into water vapor

Transpiration: plants release water vapor into the air through their leaves

Condensation: water vapor cools and changes back to liquid droplets

Precipitation rain, snow, sleet or hail falls from the clouds onto the Earth's surface

Runoff: water, usually from precipitation, that flows across the land and collects in rivers, streams, and eventually the ocean
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VII. How do clouds and precipitation form?

A. Clouds and precipitation form when air is cooled below its dew point temperature and water vapor condenses (squishes) into tiny water droplets or ice crystals.  
Condensation nuclei (what the water vapor condenses onto (ex. salt, dust, smoke)) must be present for it to collect.  All clouds do NOT result in precipitation  
The water vapor, or ice crystals, must be heavy enough to fall.
B. Types of clouds: classified by shape and/or altitude at which they form
1. Classified by SHAPES 
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a. stratus (blankets): Cover large areas of the sky, usually block out the sun.  Caused by a gentle lifting of a large body of air into the atmosphere. When they are very close to the ground – called fog
[image: image51.png]


[image: image52.png]AAA

Cold Front

Aaa
Warm Front

FYVVYY
Occluded Front

AL,

Stationary Front



Nimbostratus: dark clouds, usually resulting in continues rain (light or heavy)

b. cumulus (cotton puffs)  Puffy, white, usually with flat bottoms, 
generally indicates fair weather
Cumulonimbus: as they get larger, they can produce thunderstorms
[image: image53.png](-




c. cirrus (feathers) Thin, feathery, white clouds found at high altitudes, forms when wind is strong, if they get thicker or lower they may indicate approaching bad weather

2. Classified by ALTITUDE
a. high clouds: made of ice crystals, “cirro-“
b. middle clouds: can be made of both water and ice, “alto-“
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c. low clouds: made of water, “strato-“

Combinations  (as seen on the previous page)- these clouds can appear in combinations 
or by themselves 

Examples: cirrocumulus clouds (cirro = high altitude, cumulus = puffy)

VIII. Types of precipitation

Precipitation: water (solid or liquid) that falls from the air to the Earth, usually in one of the four main forms: rain, snow, sleet or hail
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A. rain: most common, liquid water that falls from clouds to the Earth, must get large enough to fall out of (precipitate from) the cloud

B. snow: most common solid precipitation

C. sleet: (freezing rain): rain falls through layers of freezing air

D. hail: solid precipitation that forms as balls/lumps of ice 
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Updrafts of air carry raindrops up to high altitudes, where they freeze.  
Updrafts can keep forcing the hail upward, adding more frozen layers until it 
gets too heavy and falls

*Usually happens during spring/summer months (need the unstable, rising air)
Rain gauge instrument for measuring the amount of rainfall

IX. Air Masses: an area of the atmosphere where the characteristics are the same (temperature, humidity, pressure),  Each air mass is represented on a map with TWO LETTERS, the first is its HUMIDITY,  the second is its TEMP
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A. What theses air masses are like is determined by their source region where the air came from.
1.  Moisture (humidity)
a. maritime (m) formed over water, air is moist 
b. continental (c) formed over land, air is dry
2. Temperature:

a. Arctic (A): extremely cold

b. Polar (P): relatively low temperature
c. Tropical (T): relatively high temperature

example: What would an mT air mass be like?

 moist and warm
 X. FRONTS: area where two air masses meet (boundary).  The air does not mix instead, violent weather
happens (storms). 
A. Cold Front: leading edge of a cold air mass.  It is the transition zone where a cold air mass is replacing a warmer air mass. However, when that warm air is quickly forced upward it cools, reaches its dew point temperature and precipitation usually happens.  We can see the edge of a cold front with large, vertical clouds (cumulonimbus or thunderheads) Cold fronts generally move from northwest to southeast. The air behind a cold front is noticeably colder and drier than the air ahead of it. When a cold front passes through, temperatures can drop more than 15 degrees within the first hour.
Cold air masses move much faster than warm air masses!
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B. Warm Front:: a warm air mass follows a cold air mass.  The warm air, being lighter, rises, cools, reaches its dew point, creates nimbostratus clouds.  
   You will see thickening, lowering clouds and widespread precipitation.
C. Stationary Front:: forms where a cold air mass meets with a warm air mass and  neither moves  Eventually, the weather will become more like a warm front, with thick, dark clouds, until another air mass comes along.
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D. Occluded Front:: When 2 cold air masses meet with a  cold air 
mass in the middle. The warm air mass is pushed upwards.  Will 
eventually take on characteristics of a cold front
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XI. Frontal Cyclones:
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A. Areas of High Pressure will move towards areas of Low Pressure, but because of the Coriolis Effect, instead of traveling straight, they are bent to the right  This flow of inward, counterclockwise air is known as a cyclone.  Cyclone = around a LOW pressure system



*inward and counterclockwise
B. Because of the above, winds will flow out of a High Pressure Center creating
Anticyclone *outward and clockwise

XII. Weather Forecasting: done by scientists called meteorologists
A. Synoptic weather forecasting is done by looking at a synopsis (summary) of some important weather variables at a specific time at several locations.  
Station Models: symbols used in synoptic weather maps.  USE:

1. Barometric pressure (in mb, only last three numbers 
(tens place, ones place and tenths place) 
For example, 1014.2mb is written “142”
2. Barometric trend (rising or falling in 3 hours time), 

only use two numbers: (ones place and tenths place)
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B. Field maps – 
1. Field: a region of space that has a measurable quantity at every point

2. Isolines: lines that connect all points of equal value on a map

a. isotherms: isolines for temperature


b. isobars: isolines for air pressure. 
 Remember, wind forms from pressure differences.  
So, the closer the isobars, the stronger the winds.
XIII. Severe Weather (all because of LOW PRESSURE CENTERS)
A. Thunderstorms: begin as a convection cell (warm air is forced to rise by the denser, colder air mass).  If the air rises very quickly (because of intense heating) a cloud forms in the updraft and grows as more and more warm, moist air is carried upward.  When the air gets too heavy, the falling rain begins to fall, causing friction with the air moving upward.  We see this friction as lightning.  We hear the expanding/movement as thunder.

Lightning: a large electrical discharge that occurs between two differently charged surfaces.  

B. Tornado: small, brief disturbances that usually develop over land from intense heating.  When very warm air is forced upward, it causes a sharp decrease in pressure.  Air will rush in (High Pressure to Low Pressure) and because of the Coriolis Effect, it will spin to the right.  It is because of these pressure differences that tornadoes result. 
C. Hurricane: When air over warm oceans is heated, pressure will decrease.  Since the water is being heated, it evaporates, causing the air’s pressure to decrease even more.  High Pressure moves in on the Low Pressure.  The Coriolis Effect causes the air to bend to the right.  When these winds reach 119 km/hr, we have a hurricane.  Wind speeds less than that are called tropical storms.  This is why hurricanes tend to form over water near the equator during summer months.
XIV. Climate: the average conditions in an area over a long period of time

Determined by two main factors: temperature and humidity.  
Other factors include:

A. Latitude: the distance North or South, measured in degrees from the equator
Generally, the higher the latitude, the colder the climate  The more hours of direct sunlight we receive, the warmer the season.
	Location
	Season
	When it occurs 

(between 20-23)
	Location of direct sunlight

	A
	Summer solstice
	June 21
	Tropic of Cancer (23.5°N)

	B
	Autumnal equinox
	September 21
	Equator

	C
	Winter solstice
	December 21
	Tropic of Capricorn (23.5°S)

	D
	Vernal equinox
	March 21
	Equator


B. Prevailing winds: winds that blow mainly from one direction.  They influence moisture and temperature.  And, affects the amount of precipitation that a region can receive.  
For example, if it blows across land it tends to be dry

C. Geography 

Elevation: height of surface landforms above sea level.  As elevation increases, the atmosphere becomes less dense, less able to hold heat (cooler)
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Air is forced to rise







air sinks and warms

Releases moisture







absorbs moisture

Usually green and lush






desert side
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in "rain shadow"

D. Ocean Currents

Surface current: which can be either warms 
or cold, are stream like movements of water 
that occur at or near the surface of the ocean
XV. Climates and their Biomes

There are three major climate zones​​​​​​​​​​​​​​​​​​​​​​​​​​​​​ tropical, temperate and polar(based on latitude)

Biomes large region characterized by a specific type of climate, plants and animals that live there

A. Tropical Zone (the Tropics): warm zone located around the equator, extends from the Tropic of Cancer to the Tropic of Capricorn. Its biomes include:

1. Tropical rainforest: warm and wet

2. Tropical desert: less than 25 cm of rainfall per year

3. Tropical savannas (grasslands): usually very warm, with a dry season
B. Temperate Zone: between the Tropics and the Polar Zone.  Its biomes include:

1. Temperate forests: large amounts of rain, seasonal temperature differences

2. Temperate grasslands: (prairies, steppes, veldt, pampas): too little rainfall for

trees to grow, seasonal temperatures, most fertile soil of all biomes

3. Chaparrals: cool, wet winters and hot, dry summers, very rocky

4. Temperate deserts: tends to be cold deserts, generally located in the rain shadow of the mountain
C. Polar Zone: coldest average temperatures.  Its biomes include:

1. Tundra: very dry, experiences 24 hours of daylight in summer or 24 hours of

darkness in winter.  During the summer, only the top meter of soil thaws permafrost permanently frozen layer of soil.  Water cannot drain leaving the top layer muddy (perfect for insects and birds)

2. Taiga: long cold winters and short warm summer
D. Microclimate: small regions with unique climatic characteristics (ex. Higher elevations)
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