
EARTH’S WEATHER CONDITIONS 
 

TSUNAMI  

It is a very large wave on the ocean caused by an underwater earthquake, a volcano eruption. 

The wave can travel hundreds of miles over the sea and cause very great destruction when it 

strikes land.  

 

 

WHAT CAUSES TSUNAMIS 

The term tsunami is often confused with tidal waves (which are caused by changes in the flow 

and height of the ocean). Tsunami can be caused in various ways. 

1. Ocean tectonic plate movement: An underwater movement of the Earth’s crust, 

which results in an earthquake. Energy is transferred and the displaced water 

forms a wave. As the wave travels and enters shallower water in the coastal 

area, it increases in height and causes great destruction on the mainland. 

2. Volcanic eruption: There are two different ways that volcanoes can cause 

tsunamis. One is that a land based volcano collapses forcing ash and debris in 



the water. This displacement of the water becomes kinetic energy and forms 

tsunami waves. The 2nd way is an underwater volcano eruption that causes a 

tsunami. 

3. Landslides: These can also cause tsunamis and are similar to land volcanoes 

that cause an avalanche into the sea, creating high tsunami waves. In 1958 a 

tsunami was caused in Alaska by a gigantic boulder that had been loosened by 

an earthquake, falling into the sea. 

4. Meteors: A large meteor impact at sea can also cause a tsunami wave. 

 

EARTHQUAKES 

An earthquake is a movement of shaking of the Earth due to movements of the tectonic plates. 

The vibration from an earthquake can cause great destruction  

Earthquakes are caused due to these main reasons. 

1. Plate tectonic theory – The outer layer of the earth’s crust is divided into 

sections called plates. Often the movement between the earth’s plates is very 

slow and forms mountains. Sometimes the movement is more sudden and this 

causes earthquakes. 

2. Volcano eruption – The plates of the Earth’s crust float on molten magma. 

When volcanoes erupt, it is because the molten magma is under enormous 

pressure and when it releases, it exerts pressure on the earth’s crust and the 

plate as well. So the seat of an active volcano is often prone to earthquakes as 

well, because the pressure of the volcanic eruption. 

3. The exploitation of the Earth’s resources to build dams, blasting mountains to 

build bridges and roads, can also cause earthquakes.  

HOW EARTHQUAKES FORM AT FAULTS 

A fault is a break in the rocks that make up the Earth’s crust, and along this break, rocks 

on either side have moved past each other. Under the surface of the Earth, the two 



sides of the fault are constantly moving, relative to each other. This movement is not 

smooth and gradually results in the buildup of energy within the rocks along the fault.  

Eventually, the strain on the fault becomes too much. The fault then ruptures suddenly, 

releasing all the energy it has built up. This energy is released in the form of vibrations 

called seismic waves. This released energy traveling in waves causes the shaking that 

we feel during an earthquake. These waves travel through the Earth and along its 

surface at different speeds. It is these seismic waves that cause the destructive effects 

that we see with an earthquake. They can cause buildings to topple.  

 

 
 
 
 
 
 
 
 
 
 
 
 



FOCUS (HYPOCENTER) AND EPICENTER OF AN EARTHQUAKE 
 
The focus of an earthquake is where the earthquake originates. It is where the rocks 
start to fracture along the fault or plate. Earthquake waves start at the focus and travel 
outward in all directions.  
 
The epicenter of an earthquake is the point directly above the focus on the Earth’s 
surface. Earthquake waves do not originate at the epicenter. Most earthquake reporting 
will list the epicenter of the earthquake and then tell how deep it was from the epicenter. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SHALLOW-FOCUS AND DEEP-FOCUS EARTHQUAKES 
 
Shallow-focus earthquakes happen between 0-40 miles deep. These are much more 
common and are much more dangerous causing about 75% of the earthquakes each 
year. They are formed by movement of the tectonic plates. 
 
Deep- focus earthquakes happen 180 miles or more below the Earth’s surface. They 
usually occur in island arcs or deep ocean trenches (subduction areas) 
 
 

 
 
  



LOCATING AND MEASURING EARTHQUAKES 

When an earthquake occurs, one of the first questions is “where was it”. Earthquakes are located 

with a network of seismometers on the earth’s surface. 

 In an earthquake, the shaking of the earth produces energy waves that move outward from the 

epicenter of the earthquake. As the wave passes by a seismic station, that piece of ground 

vibrates and this vibration is recorded. Knowing how fast seismic waves move and travel through 

the earth, scientist can calculate the time when the earthquake occurred and its location, by 

comparing the time when shaking was recorded at different seismic stations. Computers can 

determine this information within minutes. 

 



HOW TO LOCATE AN EARTHQUAKE’S EPICENTER 

The epicenter of an earthquake is the area directly above the focus. By locating the 

epicenter, scientists can tell where in the Earth’s surface the earthquake originated from. 

This will help in predicting areas at risk, and future earthquakes. 

1. To locate the epicentre, a seismograph reading from 3 separate seismic stations 

is needed. In an effort to get accurate earthquake readings, the US has created a 

worldwide network of over 100 seismic stations operated through Colorado.  

2. The seismometer records the P and S wave arrival times. P waves travel faster 

than S waves so they arrive at the seismic station first and are recorded first. 

3. The difference in the arrival times of the P and S waves can be used to calculate 

the distance of the earthquakes epicenter from the seismometer. 

             DE = DeltaT * (Vp – Vs) / (Vs * Vp) 

             Where: 

             DE = distance to the epicenter (kms) 

             DeltaT = difference between P and S wave arrival time 

             Vp = P wave velocity (km/s) 

             Vs = S wave velocity (km/s) 

4. This is then plotted on a map by drawing a circle around the seismic station using 

this distance as a radius. This is repeated for the other two seismic stations, to 

create three circles. 

5. The point at which the three circles meet is the epicenter of the earthquake.  

6. This procedure of calculation is automated using computers. It is not a 100% 

perfect estimate as a lot of assumptions have to be made about the material 

through which the seismic waves travel. 
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SEISMIC WAVES 

These are waves of energy that travel through the Earth and are   created from 

earthquakes, explosions or volcanoes. There are two main types of seismic 

waves - body waves and surface waves. 

 

 

1. Body waves 

a) P (primary) waves  

b) S (secondary) waves 

2. Surface waves 

a) Love waves 

b) Rayleigh waves 

 



 



BODY WAVES 

These are seismic waves that travel through the Earth’s interior. They followed curved paths 

because different layers of the Earth have different composition. They are of two types: 

1. Primary or P waves – These are longitudinal or compressional waves. This means that 

the waves have the same direction of vibration as their direction of travel. These waves 

can travel through any kind of material. They travel much faster than any other waves and 

arrive at seismograph stations first, hence the name “primary”.  

 

2. Secondary or S waves – These are transverse or shear waves. This means that the 

ground is displaced perpendicular to the wave. These waves only travel through solids. 

Their speed is only about ½ of the P waves. 

 

 

  



 

SURFACE WAVES 

These are seismic waves that travel over the Earth’s surface. They travel more slowly than body 

waves. They are the most destructive because they have the most vibration. They are of two 

types. 

1. Love waves – These are surface waves that have a side to side motion (like a snake 

wriggling). This causes the ground to twist from side to side and that is why they cause 

the most damage. 

2. Rayleigh waves / Ground roll – These are surface waves that travel like ripples similar 

to those on the surface of water. They have a rolling up and down motion, with an elliptical 

motion in a vertical plane, in the direction of movement of the wave. 

 

 

 



LIQUEFACTION 

 

Liquefaction happens when water-saturated sandy soil is subjected to 

earthquake shaking. This causes the soil to break apart, lose strength and 

liquefy. The soil acts like a liquid (like quicksand), rather than a solid. This 

can cause buildings to tilt or sink into the ground, sloping of level ground, 

cracking of the ground, and more. 

 

Why is liquefaction a concern 

 

Liquefaction has caused significant property damage during earthquakes. It 

is a major hazard associated with earthquakes. In liquefaction, the soil 

loses its strength and acts like a liquid instead of a firm solid.  

 

Where is liquefaction likely to occur 

 

Two conditions must exist for liquefaction to occur 

1. The soil must be loose, water saturated sandy soil, between 0-30 feet 

below the ground. This type of soil is susceptible to breaking apart 

easily and liquefaction. 

2. The ground shaking must be strong enough to cause the soil to 

liquefy.  
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RICHTER SCALE AND MERCALLI INTENSITY SCALE 
 
Whenever an earthquake occurs, scientists try to measure its intensity. To 
do this, the Richter scale and Mercalli Intensity scale were devised. An 
earthquake can be measured in two main ways: either based on its seismic 
energy or by looking at the earthquakes effects on its surroundings.  The 
Richter Scale measures energy while the Mercalli Scale measures effects. 
 
RICHTER SCALE 
 
It was developed by Charles Richter in 1935. It measures the magnitude of 
an earthquake, so it is a magnitude scale. A magnitude scale shows the 
amount of energy released by an earthquake. This is based on the amplitude 
of the seismic waves. The Richter scale describes the earthquakes 
magnitude by measuring the seismic waves that cause it.  
 
The Richter scale goes from <2 (very mild) to >9 (great). It is a logarithmic 
scale so each number increase in the scale represents a 10 times increase 
in earthquake magnitude. Each increase of 1 on the scale means an increase 
of about 30 times the energy released.  
 
 
MERCALLI INTENSITY SCALE 
 
It is an earlier scale that goes back to the 19th century. It describes the 
intensity of an earthquake based on its observed effects. It is a more arbitrary 
scale than the Richter scale.  The Mercalli scale is based on the amount of 
damage done by an earthquake at a location.  
 
The scale goes from I (very mild) to XII (catastrophic).  
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VOLCANOES 

A volcano erupts when magma escapes from inside the earth. As magma escapes, a lot of energy 

is released, along with huge quantities of gases and dust. A volcano has a cup shaped crater at 

its top. Most volcanoes occur at the boundaries of the Earth’s tectonic plates. This is no 

coincidence. Plate boundaries are among the most geologically active places on earth. 

TYPES OF VOLCANOES 

1. Subduction volcanoes – These occur where the tectonic plates move toward each 

other collide. The heavier plate subducts below the other plates. It heats up below and 

melts. The melted material pushes its way to the earth’s surface with great pressure and 

erupts explosively as a volcano. 

 

 

 

 

2. Rift Volcanoes – These occur where plates move apart. Magma rises through the gap 

between the separating plates. These volcanoes usually erupt more gently than other 

types of volcano, with lava that oozes, rather than explodes from inside them. 



 

 

3. Hot Spot Volcanoes – Some volcanoes are found away from the edges of the plates. 

They are formed when magma force their way to the surface from deep within the mantle, 

a “hot spot”. As the plate moves, the volcano is carried away from the hot spot and 

becomes extinct. The next time pressure builds up, new magma erupts to form another 

volcano in its place. 

 

 

 

 

 



 

 

 

 

 

  

 

  

 

 



FORM OF VOLCANOS 

 

1. Fissure Volcano: This volcano forms where there is a long crack or fissure in the Earth’s crust, 

through which magma erupts.  

 

 

 

2. Cinder Cones / Scoria Cones – These volcanoes are small volume cones formed when mildly 

explosive eruptions hurl small solid fragments of ash and rock from the volcano’s vent. These 

ashes and cinders build up to form volcanoes that are steep sided but not very tall. 



 

              

 

3. Composite Cone Volcanoes / Stratovolcanoes – They make up most of the volcanoes. 

They are usually very tall and have steep sides. They are built up by multiple eruptions often 

occurring over hundreds of years. They are formed by a cycle of quiet eruptions of runny lava 

followed by explosive eruption of thick lava. They have alternating layers of ash and lava, 

produced by a series of eruptions. 

 

           

 

 

4. Shield Volcanoes – They are made of basalt rich lava which is thin, runny and spreads a long 

way from the vent. As a result, these volcanoes are large but have gently sloping sides and are 

not steep. They have gentle upper slopes but steeper lower slopes due to the lava cooling and 

building in thickness. 



 

  

 

 

  

 

 

 

 

 

 

 



5. Lava Cones / Domes – These volcanoes are made up of lava that is very thick and viscous 

because it is silica rich. This flows very slowly and does not extend very far from the vent, forming 

dome shaped volcanoes. 

 

 

 

 

 

 

 

 

 

 

 

6. Calderas – If the vent of a volcano is blocked pressure builds up below the blockage. Eventually 

the pressure may become so great that there is an explosion which blows off the top the volcano. 

This creates a larger huge crater at the top which is called caldera. Over a long time if the volcano 

remains inactive, the crater can fill with water, creating a crater lake. 

 

 



UNDERGROUND FEATURES OF VOLCANOES 

 

 

1. DIKES: Sometimes underground magma cools and hardens before it reaches the 

surface. Magma can harden in many possible shapes and positions. A dike is 

formed when magma hardens vertically or in vertical cracks. 
2. SILLS: A sill is formed when magma hardens between horizontal layers of rock. 
3. LACCOLITH: If the magma that is pushed into a sill is not thick, it may not be 

able to spread too far horizontally. Instead it pushes up and forms a laccolith. It is 

often dome shaped 
4. BATHOLITHS: These are the largest and deepest of all and reach deep into the 

crust. 
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HOT SPOTS 

Though volcanoes usually happen at the join or boundary of tectonic plates, sometimes hot spots 

form in the middle of a plate. It is an area where magma from deep in the Earth rises to reach the 

surface and creates a volcano. As the plate continues to move, it carries the volcano away from 

the hot spot. New volcanoes form over this active hot spot in the future. The result is that a trail 

of volcanoes is left behind, with older volcanoes moving away from the hot spot, and newer ones 

forming over the top of the hot spot. This creates a chain of volcanoes, as seen in Hawaii. 

 

 



ISLAND ARC 

This is a curving series of volcanic islands created by the subduction of tectonic plates in an ocean 

setting. In subduction, one plate is forced below another and when it is pushed deep, it melts to 

magma. The magma rises through fractures and extrudes as volcanoes form in a line and 

because the surface of the earth is curved, an arc of island is formed. 

 

 

 

 

 

 

 

 

 

 

 

 

 



PACIFIC RING OF FIRE 

It is an area where a large number of earthquakes and volcanic eruptions occur, in the basin of 

the Pacific Ocean. It is a 25,000 mile horseshoe shape. It has been found that 75% of the world’s 

volcanoes and 90% of the world’s earthquakes occur along the Pacific Ring of Fire. This ring is a 

direct result of plate tectonics, as it is located at the border of the Pacific Plate and other major 

tectonic plates. 

 

 

 

 

 

 

 

 

 

 

 



STORM 

It is a disturbance in the normal condition of the Earth’s atmosphere. It shows as heavy winds 

accompanied by rain, snow, hail, flying sand or dust, thunder, lightning. 

THUNDER STORMS 

A thunder storm is a weather pattern that includes thunder, lighting and usually rain or hail. It is a 

storm produced by a cumulonimbus cloud and has wind, rain, hail, thunder and lighting. The basic 

need to create a thunderstorm is warm, moist air; so they happen most often in the afternoon and 

early evening, since the ground heats up from the sun during the day. They happen more 

frequently on hot summer days than in cold weather. 

 

 

 

 

 

 

 



CAUSE OF THUNDER STORMS 

Moist air heated by the sun rises, which causes an updraft (a surge of air upwards). As warm air 

rises, it meets the water in the clouds. A conflict between the warm updraft of air and the cool 

water in the clouds causes a thunderstorm. The severity of a thunderstorm depends on the 

difference in temperature. 

The basic ingredients to make a thunderstorm are moisture, unstable air, and lift. Moisture is 

needed to form clouds & rain. Unstable air that is relatively warm & can rise rapidly is needed. 

Finally lift is needed which can form from mountains, sea breezes and fronts.  

 

 



 

 



LIGHTNING 

Lightning is an electric current. Within a thundercloud high up in the sky, many frozen raindrops 

and ice bits bump into each other as they move around in the air. All these collisions create an 

electric charge and after a while, the whole cloud fills up with electrical charges. 

The positive charges (protons) form at the top of cloud and the negative charges (electrons) form 

at the bottom. There is a buildup of positive charge on ground below the cloud and this charge 

tends to concentrate on things that are sticking up like mountains, people, trees. Eventually the 

charge in these points connects with the charge reaching down from the clouds and lightning 

strikes. 

 

 

 



 

 

THUNDER 

Thunder is caused by lightning. When a lightning bolt travels from the cloud to the ground, it opens 

up a little hole in the air called a channel. Once the light is gone, the air collapses back in and 

creates a sound wave that we hear thunder. We always see lightning before we hear thunder 

because light travels faster than sound. Lightning causes an expansion and then compression of 

air which sends a loud shock wave of noise. 



TORNADO 

A tornado is a violent rotating column of air extending from a cumulonimbus cloud or 

thunderstorm, to the ground. They have high speeds and can cause tremendous destruction. 

Tornadoes usually result from a large thunderstorm.  

Funnel Cloud – It is rotating cone shaped column of air extending downward from the base of 

a thunderstorm but not touching the ground. When it reaches ground, it is called a tornado. 

WHAT CAUSES A TORNADO 

Warm moist air meets cool dry air. When these two air masses meet, they create instability in the 

atmosphere. 

• Change in wind direction 

• Increase a wind speed with increasing height 

 
This creates a spinning effect in the lower atmosphere. Rising air and the updraft tilts the air from 

horizontal to vertical. A large area of spinning and rotation now extends through much of the 

storms. This area of strong rotation is where tornadoes form. 

 



THE DIFFERENCE BETWEEN A TORNADO WATCH AND A TORNADO WARNING 

 

When severe weather is approaching, watches and warnings are issued to inform the 

public of impending threats. There is a distinct difference between a watch and a 

warning, and knowing the difference can save your life. 

 

A tornado watch is issued when weather conditions are such that they may give rise to 

a tornado occurring. Most watches cover about 25,000 square miles.  

 

A warning is different. It is issued when weather events are happening now. For 

example, a tornado or a funnel cloud is actually occurring somewhere in the area. This 

indicates that residents of the area must take immediate safety precautions.  



HURRICANES 

A hurricane is always found over water. (ocean). These are large swirling storms with heavy winds 

that form over warm ocean waters. Hurricanes only form over really warm ocean water over 79 – 

80 °F. The warm moist air moves upward by wind and cooler air moves in. The air begins to spin 

and the pressure drops. More air will get sucked in and the air will spin faster and rise, carrying 

strong winds, rain and clouds over the ocean, forming a hurricane. Hurricanes are categorized 

from category 1 – 5 based on wind speed. 

THINGS NEEDED TO FORM A HURRICANE 

1. Warm ocean water – This provides the energy that a storm needs to become a 

hurricane. 

2. Winds that don’t change much in speed or direction as they go up in the sky. 

 

 



PARTS OF A HURRICANE 

1. Eye – The eye is the center of the storm or hurricane. It is the calmest part with lights winds 

and fair weather. 

2. Eye wall – This is a ring of thunderstorms swirling around the eye. Here the winds and rain 

are the strongest. 

3. Rain bands – Spiral bands of clouds, rain and thunderstorms extend out from the eye wall 

and can stretch for hundreds of miles. 

 

 

 

HOW DOES A STORM BECOME A HURRICANE 

1. Tropical disturbance – A hurricane starts out as tropical disturbance. This is an area over 

warm ocean waters where rain clouds are building. 

2. Tropical depression – A tropical disturbance grows into a topical depression. This is an 

area of rotating thunderstorms with wind speeds of 62 km/hr. 

3. Tropical storm – A tropical depression becomes a tropical storm if its winds go higher than 

63 km/hr. 

4. Hurricane – A tropical storm becomes a hurricane if its wind speed reaches 119 km/hr. 

 



HOW ARE STORMS / HURRICANES TRACKED 

Because hurricanes can cause so much destruction to life and land, scientists try to track them to 

forewarn people to evacuate an area or take safety precautions. 

Methods used to gather information and track hurricanes are planes flying around storm areas, 

recording data with onboard equipment, information from satellites orbiting the earth, advanced 

computer weather tracking programs, electronic equipment that can record information as air 

temperature, wind direction barometric pressure, ocean surface conditions. Radar has also been 

used it is still not an exact science because hurricanes are very unpredictable and computer 

cannot consider every possible variable like a pressure system slowing down or speeding up. 

However in spite of the limitations, most areas have a 4 – 5 days’ advance notice that a hurricane 

may be hitting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



STORM SURGE 

This is most devastating element of a hurricane. As the hurricane’s winds spiral round and round 

the storm, they push water into a mound at the storm center. This becomes dangerous when the 

storm reaches land because it causes flooding along the coast. 
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CYCLONES 

They are violent rotating windstorms. The term cyclone includes hurricanes, typhoon, tropical 

storm. Cyclone intensity is measured by wind speed and classed from category 1- 5. The average 

life of cycle is 1 week. The main parts of cyclones are the eye, eyewall, and clouds chain. The 

eye is in the center of the cyclone and can vary in size. Cyclones & hurricanes are given names. 

 

 



LANDSLIDES 

Landslides happen when dirt, rocks boulders slide down a slope together. Sometimes these can 

be small but at other times, they can be substantial, involving the entire side of a mountain. As 

landslides progress down a mountain slope, it can pick up tremendous speed and energy, caused 

great material to be moved, and destruction. The downhill movement of Earth material caused 

by gravity is called mass wasting. 

Landsides can be caused by: 

1. Gravity acting on an over steepened slope 

2. Erosion by rivers, glaciers, oceans waves creating an unstable steep slope. 

3. Rock & soil slopes weakened by snow melting or rain 

4. Earthquakes 

5. Volcanic eruptions 

6. Vibration from machinery, blasting, even thunder 



AVALANCHE 

An avalanche is mass of snow and ice that breaks away from the side of mountain and surges 

down / slides with great force. It can be compared to a landslide, only with snow instead of earth. 

As it slides down, it gains speed and power and cause great damage. Many avalanches begin 

within weak layer of snow. Eventually these weak layers can no longer hold up the weight on the 

overlying snow and give way, sliding downhill. 

There are two common types of avalanches 

1. Surface avalanche – This occurs when a layer of snow slides over another layer of snow 

with different properties like dry loosely packed snow sliding over dense layer of wet snow. 

2. Full depth avalanche – This is when an entire snow cover slides down the ground. 

 

 
  



BLIZZARD 
 
 

A blizzard is a severe snowstorm that is characterized by low visibility and strong winds 

greater than 35 mph lasting for a prolonged period of time. The defining factor of a 

blizzard is actually the strength of the wind, rather than the amount of snow. Also, to 

qualify as a blizzard, the combination of wind and snow must reduce visibility to ¼ of a 

mile or less and last for at least 3 hours. 

 

Blizzards can be very dangerous. The low visibility can make travel impossible and 

people can get lost or stranded. The cold temperatures and wind can cause frostbite or 

hypothermia. Blizzards can bury people and possessions. When there is so much snow 

that people cannot tell the earth from the sky and it feels as though the horizon has 

been wiped out, it is called a white out.  

 

What causes a blizzard 

Blizzards can be caused by a warm front (warm air) colliding with a cold front (cold air). 

This creates a low pressure zone.  This low pressure create high powered winds, as 

warmer air spirals into the low zone and adds a lot of movement. If the clouds in the low 

pressure zone are filled with ice, there are strong chances for a major blizzard forming. 
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