Chapter 8 – Water Cycle and Climate - notes
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******************************************************************
Part 1 – What is Climate?
A. Factors of Climate
1. The climate for a large geographical region is based on the atmospheric conditions as observed over a long period of time. ~30 yrs….
· Average temperature and precipitation
· Annual distribution

· Ex. Does it rain all year, or only in the summer?
· Climate is not necessarily the same as average weather!
Ex. Bombay, India 188 cm of rain in monsoon season 
Mobile, Al 173 cm of rain over 1 year
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2. Climates are compared using climographs
· Monthly average Temperature and precipitation amounts for each location on one graph
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3. We classify a climate as humid or dry based on the balance between precipitation and potential for evaporation and transpiration

· (P/Ep)
· Ex: Southwestern USA has an arid climate because there is not enough precipitation to provide the amount of water that could evaporate under its hot conditions
B.  6 Climate Controls 
1. The six main climate factors that influence the temperature and rainfall patterns of a region are:
i. Latitude  - distance north/south of the equator

ii. Altitude - height above sea level
iii. Mountain ranges – groups of mountains
iv. Proximity to Water – how close or far away from water a location is 
v. Ocean Currents –paths of cold or warm water
vi. Planetary Winds – the global winds that blow from 0°-30°, 30°-60°, and 60°-90° latitudes 


(p. 14-ESRT)
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2. How do these factors affect climate?

a. Latitude 

· the farther away from the equator, the greater the temperature range 

· Precipitation at different latitudes is  related to the global wind belts

· Areas of rising air receive more rainfall

· Areas of sinking air receive less rainfall
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-Equator

· 12 hrs of day 12 hrs of night

· Sun is almost always directly overhead

· No seasons - (only wet and dry)
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Temp range is only 3º- 4ºC

-Mid-Latitudes

· Summer 15 -16 hrs of day and 8-9 of night 

· Winter, 8-9 hrs of day and 15-16 of night

· Temperature range can be as high as 30ºC

-Polar 

· Sun is never high in the sky

· Temperature changes slowly

· Days and nights that last months 

b.  Altitude 
· the higher the altitude the lower the yearly average temperature
· [image: image13.emf]due to adiabatic expansion / cooling of air
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c. Prevailing winds

· Rainfall is influenced by the high and low pressure zones

· Low pressure zones – more precipitation

· High pressure zones – less precipitation

· when winds blow from the oceans they bring maritime air masses (mT or mP)

- create wet climates on US West Coast

· when winds blow from the interior of continents they blow continental air masses (cT or cP)

- create dryer climates on the US East coast
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d. Mountain ranges
· Mountains can block warm or cold winds
(Coastal Mnts block marine wind; Alps keep out cold winds in Italy)
· Mountains also create an orographic effect
· Rainy on one side and dry on the other 

· (rain shadow effect)
· The windward side of the mountain is rainy (and cooler)
· The leeward side is dry (and often warmer)
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Lab 7-10: Hawaiian Rainfall Patterns
e. Proximity to Oceans or Large bodies of water

· Land near the oceans have small temperature ranges
· Continental interiors have larger temperature ranges
· Why?
· Water is a better conductor than land; Land is a better insulator

· Water is a fluid. Surface water mixes with deeper water

· Most of the sun’s energy is used for evaporation, rather than warming

· Water has a high specific heat. It takes longer for water to warm up and to cool off.
· Climates with close proximity to water are more moderate
· Warmer winters, cooler summers

Lab 7-3: Coastal and Continental Temperature Ranges
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f. Ocean Currents
· Ocean current -  a stream of water that circulates through the ocean basin
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· Currents may be warmer or colder than the normal surface air temp for their latitude
· Currents have an effect on climates when prevailing winds blow off the ocean into land
· Winds blow cool air from the California current
· GB, Ireland have palm trees
PART 2  - Local and Seasonal Climate Changes
A. Monsoons
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1. A monsoon is a seasonal prevailing wind which lasts for several months
· Brings seasonal rains 

· Ex. India

2. Large Continents influence their own weather. 

· Winter conditions over Asia cause a build up of cold, dry air -  (H)
· Air blows from the Asian continent to the Indian Ocean

· Summer conditions over Asia cause a build up of very Warm air – (L)
· Air blows from the ocean water to India, bringing “tons” of rain
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B. El Nino

1. The El Niño- Southern Oscillation (ENSO) is  a cycle of shifts in ocean and atmospheric conditions
· Often refers to a more pronounced weather effects associated with warm sea surface temperatures.
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Its effects are felt most noticeably at the coasts of Ecuador and Peru in South America. 

2. How does this happen?
· The easterly trade winds weaken
· Warmer waters of the W. Pacific build up, and move until they reach the S. Am. Coast
· The cool, nutrient-rich water of the coast line is replaced with warmer water

· Reduces marine and fish life
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Part 3 - Heat Energy and Insolation
A. How Does Heat Energy Travel?
1. Heat is a form of energy because it can do work. 
vii. Can travel in several ways

2. How does Heat Move?

There are 3 mechanisms of heat transfer:
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a) Conduction:

viii. When molecules of different substances collide into one another
ix. contact

x. solids conduct better than liquids, liquid better than gas

xi. Metals are the best conductors of heat
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b) Convection

xii. When molecules of one substance move from one place to another by means of currents
xiii. currents cause the substance to be evenly heated
xiv. takes place in liquids and gas only


- atmosphere and ocean
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c) Radiation: 
· The transfer of heat through space by means of waves or radiation
· Does not need a medium to travel through
· solids radiate heat 
· the Sun gives off radiation
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2. The primary source of energy for the atmosphere is the Sun… with heat reaching the Earth via radiation.

3. The energy carried by radiation from the sun is known as electromagnetic energy
· energy over the wide range of wavelengths that make up the electromagnetic spectrum

· Page 14 ESRT
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4. Earth’s atmosphere filters out some of the short-wave radiation.

· Most of what reaches Earth’s surface is in the narrow band that we recognize as visible light

5. The Radiation given off by the Sun is called Solar radiation. 
· The radiation given off by Earth is long-wave, or Terrestrial radiation.
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6. When as much energy that enters the Earth leaves, the Earth’s heat budget is in balance. (heat coming in = heat going out)

· The only way heat can enter or leave Earth is by radiation! 

B. Insolation

1. The radiation Earth receives from the Sun is known as:  Insolation (Incoming Solar Radiation)
2. When insolation enters the atmosphere it may be:

1. Scattered – dispersed in all directions

2. Reflected - radiation ‘bounces off’

3. Absorbed-‘taken in’
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3. The atmosphere is mostly transparent to incoming Solar Radiation…….

-only about 19% is absorbed by the atmosphere.

-55% reaches the surface of earth

-51 % absorbed by earth

-~4% reflected by earth
4. The rate and intensity at which isolation is absorbed depends on:
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1) the angle of insolation 

2) the duration of insolation


3) the type of surface the insolation strikes

C. The Angle of Insolation
1. The rays of the sun travel in straight lines. When the rays hit the surface of the Earth they do so at different angles.
a. Are strongest at 90º, (Direct rays) when the sun is directly overhead.
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b. Direct rays pass through less of the Earth’s atmosphere.

c. Slanted rays spread out over more area, therefore have to travel through more atmosphere.

2. The Sun is only directly overhead between 23.5ºN -  23.5ºS. 

23.5N  Tropic of Cancer

23.5S  Tropic of Capricorn

     


 (Ft Pierce -  ~27ºN      North Salem ~41ºN)
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D. The Duration of Insolation
1. The duration is the length of time between sunrise and sunset
· Earth’s surface receives the most heat energy when the sun is highest in the sky
· In the N. Hemisphere, Earth receives the longest duration of insolation during the summer….
E. The type of surface
1. How much Insolation is absorbed depends on color, texture and type of material
a. The color of the material being heated

-(dark colors absorb better than light)
b. The texture of the surface being heated

(Rough surfaces absorb better than smooth and shiny)

c. Whether the material is transparent, a reflector, or opaque solid.

 (Transparent-transmit heat, Reflectors repel heat, opaque are good absorbers.)

*Dark solids with rough surfaces are the best absorbers of heat.
F. The Greenhouse Effect
1. Energy waves emitted from Earth’s surface are longer in wavelength than energy waves in the range of visible light from the sun.

· Solar radiation- shortwave

· Terrestrial radiation – longwave
2. The greenhouse effect is the trapping of the longer, infrared heat waves radiated from Earth by gasses in the atmosphere (a.k.a. greenhouse gasses)
· Is increasing due to the burning of fossil fuels- coal, oil, natural gas, adds CO2 to the atmosphere.
· Could cause the atmosphere towards a warming trend…..Global Warming. 
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G. The Insolation-Temperature Lag

1.  A time lag exists between the time of greatest intensity of insolation and the time of highest air temperature
-highest insolation ~ 12:00; hottest time ~3:00pm
2. Why?

· Insolation is first absorbed by Earth, then re-radiated as heat energy that warms the air

· Because heat is temporarily stored, 

· warmest hour of the day is around 3 pm

· coolest hour of the night is around 6 am, or just before sunrise
3. Explains why that the sun’s rays are:

· Most direct around June 21st …but the hottest month is August. 

· At their greatest angle around Dec. 21st, but……the coldest months are Jan. and Feb.
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C. The Water Cycle

A. The Hydrologic Cycle
1. The hydrosphere is the water of Earth’s surface.

· Groundwater

· Running water (streams, rivers)

· Lakes

· Oceans

2. The movement of water from one part of the hydrosphere to another is described as the Hydrologic Cycle (or water cycle).

3. Sunlight provides the energy to power this cycle….

· Water is evaporated (or transpired)

· Water vapor condenses

· Precipitation falls
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4. The water cycle never ends…

B. All the Worlds Water
1. Earth has a limited supply of water.

· Estimated 1.3 billion cubic centimeters

2. The majority of the water supply is salt water.

· Oceans 97%  (salt water)

· Glaciers  2% (freshwater ice)

· Surface and Groundwater  1% (freshwater)
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IV. Groundwater Zones

1. After infiltrating the soil groundwater occupies distinct zones.

· Gravity pulls much of the groundwater down until it reaches bedrock

· Impermeable (water cannot pass thru)
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2. Above the impermeable bedrock is the zone of saturation.

· All spaces, cracks, or openings are completely filled with water

3. Above the zone of saturation is the zone of aeration.
· Where spaces between soil particles are filled with air

4. The boundary between the 2 zones is known as the water table. 

· The uppermost surface of the zone of saturation
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5. As water passes through the ground, soil and rock act as a natural filter, making groundwater a good source of drinking water.

6. Knowing the location of the water table is important because:

· Water wells much reach below the water table in order to provided a good source of drinking water

7. When water is pumped out of a well faster than it can be replaced lowers the water table

· Well runs dry
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a. Factors that affect the storage and movement of ground water
1. The amount of water in the ground and the movement of water through the ground are controlled by the characteristics of the soil and rock near the surface.
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2. Water is able to infiltrate the ground when there are many openings (pore spaces) between soil particles.

· The amount of pore

space is called porosity - % of open space
· Almost all materials are porous

· Depends on the shape and size of the soil particles

3. The most porous soils contain well rounded particle that are the same size (well sorted), and are not closely packed.

· The more closely packed, the less porous

4. Permeability is the ability of soil to transmit water.

· How fast water can pass through the soil

· Depends on the size of the pores and how the pores are connected

· [image: image49.jpg]


Ex. Sand – highly permeable, Clay low permeability
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5. Soils can be highly porous, but have low permeability; OR low porosity, but highly permeable. 
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6. Surface runoff occurs when rain fall exceeds the permeability rate of the soil. 
(falls faster than it can soak into the ground) 
7. Capillarity is the ability of a soil to draw water upwards into tiny spaces between soil grains.

· Soil composed of very small particles show the most capillarity

· Water moves upward because of the attraction between water molecules and surface of the soil particles
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V. Water for Stream Flow
1. During and immediately after precipitation, streams receive water from overland flow. 

· Even during dry periods, stream continue to flow

2. Streams and rivers to not respond immediately to rainfall. 

· Most rain falls on the ground and then runs off the land to reach a stream

· Time lag between rain and stream height - -flooding happens after the storm is gone
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3. A watershed, or drainage basin, is the geographic area in which water drains into a particular stream or other body of water. 

· A divide, (usually a high ridge) forms a boundary for a water shed

· Pollution will remain within the watershed and drain towards streams
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4. The perimeter of a watershed is drawn by carefully drawing a line around the major stream and its tributaries. 
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←Southern Hemisphere: Look at temperature pattern
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