




•  Divergent Boundary – moving apart 
 
•  Convergent Boundary – moving 

towards each other

 
•  Transform Boundary – moving 

sideways past each other


Plate Boundaries 







Collision of India and Asia 



Oceanic-Continental  
Convergent Boundary 



Geologic features at ocean/continent convergent boundaries




Plate Boundaries 
• mountains


• trenches


• volcanoes




Oceanic-Oceanic  
Convergent Boundary Oceanic-Oceanic  

Convergent Boundary 



trenches

 

volcanoes

 

island arcs



 




Plate Boundaries 
Geologic features at ocean/ocean convergent boundaries

 








Plate Boundaries 



Plate Boundaries 


• Islands


• Mid-ocean ridges


• Volcanoes


• Rift valley


• Seamounts


Geologic features at divergent boundaries






 

Mid-ocean ridge: 

The Mid-Atlantic Ridge 





South American Plate & African 
Plates 



 




Plate Boundaries 
Examples of a divergent boundary
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The	
  Atmosphere	
  Consists	
  of	
  	
  
Several	
  Layers	
  

•  Density	
  varies	
  
– Decreases	
  with	
  al9tude	
  

•  Atmospheric	
  pressure	
  
– Decreases	
  with	
  al9tude	
  



Air	
  Movements	
  in	
  the	
  Troposphere	
  Play	
  a	
  Key	
  
Role	
  in	
  Earth’s	
  Weather	
  and	
  Climate	
  

•  Troposphere	
  	
  
– 75–80%	
  of	
  the	
  earth’s	
  air	
  mass	
  
– Closest	
  to	
  the	
  earth's	
  surface	
  
– Chemical	
  composi9on	
  of	
  air	
  
– Rising	
  and	
  falling	
  air	
  currents:	
  weather	
  and	
  
climate	
  

–  Involved	
  in	
  chemical	
  cycling	
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The	
  Stratosphere	
  Is	
  Our	
  Global	
  
Sunscreen	
  

•  Stratosphere	
  
– Similar	
  composi9on	
  to	
  the	
  troposphere,	
  with	
  2	
  
excep9ons	
  
•  Much	
  less	
  water	
  
•  O3,	
  ozone	
  layer	
  	
  

– Ozone	
  layer	
  
•  Filters	
  95%	
  of	
  harmful	
  UV	
  radia9on	
  
•  Allows	
  us	
  and	
  other	
  life	
  to	
  exist	
  on	
  land	
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The Earth has an axial tilt. 
 
The Earth’s axis of rotation 
is tilted at an angle of 
23.5 degrees to the plane of 
the Earth’s orbit around the 
Sun.  
 
Earth's Tilt Is the Reason 
for the Seasons! 

Seasons	
  



Practically all of the energy that reaches the earth comes from the sun. 




Temperature differences at Earth’s Surface are caused by Earth’s tilt in 
it’s orbit around the Sun.  


Transfer of Energy- Unequal Distribution 



The primary source of energy to drive our global climate 
system is the heat we receive from the Sun, termed solar 
insolation.  The picture shows the distribution of solar 
insolation throughout the Earth. 




UNEQUAL HEATING CAUSES CONVECTION CELLS

WARM, MOIST (LESS DENSE) AIR RISES, THEN COOLS AND SINKS---THE 

RETURN, SURFACE FLOW ARE THE SURFACE WINDS.


Convection Cells in the Atmosphere 



Convection Cells in the Atmosphere 



This is complicated by the Earth's rotation, which gives 

rise to a force called the CORIOLIS EFFECT. 

This causes moving objects to be deflected: to the right, in the northern 
hemisphere to the left, in the southern hemisphere.


Development of Global Surface Winds 







Jet	
  streams	
  are	
  fast	
  flowing,	
  narrow	
  air	
  currents	
  found	
  
in	
  the	
  upper	
  atmosphere	
  or	
  in	
  troposphere	
  

Jet	
  streams	
  are	
  caused	
  by	
  a	
  combina9on	
  of	
  a	
  
planet's	
  rota9on	
  on	
  its	
  axis	
  and	
  atmospheric	
  
hea9ng	
  (by	
  solar	
  radia9on	
  and,	
  on	
  some	
  
planets	
  other	
  than	
  Earth,	
  internal	
  heat).	
  Jet	
  
streams	
  form	
  near	
  boundaries	
  of	
  adjacent	
  air	
  
masses	
  with	
  significant	
  differences	
  in	
  
temperature,	
  such	
  as	
  the	
  polar	
  region	
  and	
  the	
  
warmer	
  air	
  towards	
  the	
  equator.	
  







The picture above illustrates nicely the global circulation 
patterns at work.
































Normal Conditions: 
The humboldt current brings relatively cold water 
northward along the west coast of South America, 
an effect increased by upwelling of cold water 
along the Peruvian coast.  
 



Normal Conditions: 
-Cold water then flows westward along the equator 
and is heated by the tropical sun.  
-Normal conditions make the western Pacific about 
3°C to 8°C warmer than the eastern Pacific.  
 



The Walker Circulation: 
-The trade winds are part of the low-level 
component of the Walker circulation.  
 
-Trades winds bring warm moist air towards the 
Indonesian region. (causing abundant rainfall)  



The Walker Circulation: 
 
-In the Indonesian region moist air rises to high 
levels of the atmosphere after moving over normally 
very warm seas. 
 
-Air then travels eastward before sinking over the 
eastern Pacific Ocean.  
 
 



The Southern Oscillation: 
 
Rising air is associated with a region of  
low air pressure, towering cumulonimbus clouds and 
rain. High pressure and dry conditions accompany 
the sinking air. 
 



El Niño Conditions: 
-Weakened trade winds allow warm water to move 
eastward. 
 
-Thick upper ocean layer keeps nutrient rich water 
from upwelling along the coast of the Americas. 
 
 



El Niño Conditions: 
-The normally cold waters on the South American 
coast warm by 2°C to 8°C. 
 
-Ocean heat released into the atmosphere increases 
cloud formation and alters path of jet stream. 
 
 



Prentice Hall Textbook animation link 

El Niño: Normal Conditions 



Prentice Hall Textbook animation link 

El Niño: El Nino Development 







Walker Cells El Niño: 1998 Event 





Duration: 
-Non-El Niño - 5 to 10 years 

-El Niño - 1 to 3 years 
-Equatorial Pacific in El Niño 20% of the time! 

 

Effects: 
The area of humid, rising air and abundant rainfall 
shifts eastward, to the central, and eastern 
Pacific. 

-This shift causes torrential rains and flooding in 
the normally arid areas along the west coast of 
South America. 
-The absence of coastal upwelling affects the marine 
(ocean) food chain and the local economy. 
- Altered path of the jet stream: global effects. 

 

 

El Niño: Duration & Effects 



El Nino	
  



El	
  Nino:	
  US	
  Winter	
  Temperatures	
  

•  Higher	
  in	
  mid	
  con9nent	
  
•  Lower	
  in	
  south	
  (Anomalies)	
  



El	
  Nino:	
  US	
  Winter	
  Precipita9on	
  

•  Higher	
  in	
  south	
  and	
  coastal	
  
regions	
  (Anomalies)	
  







Other	
  parts	
  of	
  the	
  world,	
  such	
  as	
  Africa,	
  India,	
  and	
  Australia,	
  	
  
experience	
  severe	
  droughts.	
  	
  	
  These	
  droughts	
  cause:	
  	
  
-­‐Fresh	
  water	
  	
  shortages,	
  
-­‐devasta9ng	
  brush	
  fires,	
  
-­‐agricultural	
  crop	
  failure,	
  
-­‐leading	
  to	
  malnutri9on,	
  disease,	
  starva9on,	
  and	
  death.	
  	
  	
  
	
  
	
  



Economic	
  effects	
  of	
  EL	
  Niño	
  Events:	
  
-­‐Crop	
  prices	
  increase	
  (ex.	
  wheat,	
  rice	
  and	
  codon)	
  
-­‐Farming	
  and	
  Fishing	
  Industries	
  have	
  experienced	
  huge	
  
economic	
  hardships	
  due	
  to	
  El	
  Niño	
  Events	
  (causing	
  food	
  price	
  
increases).	
  
-­‐Severe	
  weather	
  causes	
  hundreds	
  of	
  millions	
  of	
  dollars	
  in	
  
property	
  damage	
  in	
  the	
  U.S.	
  alone.	
  	
  
	
  





El Niño, a periodic warming of the 
ocean surface waters, occurs in 
which of the following region? 
a)  Tropical East Pacific 
b) Gulf of Mexico 
c) Arctic North Pacific 
d) Temperate West Atlantic 
e)  Tropical Indian Ocean 





The Global Conveyer Belt is driven by 
density variations in the ocean. 
 
-Technically called Thermohaline Circulation 



The density of sea water is controlled by 
two factors: temperature and salinity. 



Salinity- 
 
-Amount of salts and minerals dissolved in 
water. 
-Salinity varies throughout the oceans. 
-Average = 35 ppt (Parts Per Thousandth) 

or 3.5% 



Temperature & Salinity- 
 
Salt is left out of freezing water. 
 
As seawater gets colder and saltier, its 
density increases, and it starts to sink 
toward the bottom.   
 
Surface water is pulled in to replace the 
sinking water …the current begins.   
 





The Gulf Stream carries 
warm salt water into 
the high latitude North 
Atlantic where the 
water cools.  
 
 



Deep waters are "formed" where the air 
temperatures are cold and where the salinity 
of the surface waters are relatively high.  
 
 
 



The cooling and the added salt cause the 
waters to sink in the Norwegian Sea (Off the 
coast of Greenland).  
 
This is the formation of Atlantic Deep Water. 
 
 



This new deep water can only flow south 
because it is surrounded by continents. 
 
-The water flows past the equator, all the way 
to the far ends of Africa and South America.  
 



As the current travels around the edge of 
Antarctica, fresh streams of cold water 
sink into and recharge the conveyer belt.  



Both of these currents warm up and become 
less dense as they travel… 
-eventually rising back to the surface 

Two sections split 
off and turn 
northward, on into 
the Indian Ocean, 
the other into the 
Pacific. 



Wind is the most important cause of surface currents.  
 
Wind Belts:  
-Trade-winds on either side of the equator  
 -blow from the east 

-Westerlies in the mid-latitudes 
 -blow from the west 





The worlds largest oil reserves are 
found in: 
a)  The Peru Current 
b) The California Current 
c)  The Brazil Current 
d) The Gulf Stream 
e)  The East Australia Current 



Which of the following statements about 
ocean water is correct? 
a) As salinity of ocean water decreases 

density increases. 
b) As salinity of ocean water increases 

density decreases. 
c) As salinity of ocean water increases 

density increases. 




