Hazardous Earth

Knowledge checklist

Key ideas

The atmosphere operates as a global system which
transfers heat around the Earth

- The global atmospheric circulation and how circulation
cells and ocean currents transfer and redistribute heat
energy around the Earth

- How global atmospheric circulation determines th
location of arid and high rainfall areas

How secure is my
knowledge?

Climate has changed in the past through natu

and is now heavily influenced by human
to an uncertain future

- The natural causes of climate chan
explain past climate change events
- Evidence for natural cli
reconstruct glacial and

cause the enh
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ons and are a major hazard to
blaces. SONgP places can respond and prepare
others

teristics (pressure, rotation, structure) and

global distribution of tropical cyclones including
source areas and tracks and how these change over time

- How the global circulation of the atmosphere leads to
tropical cyclones in source areas, reasons why some
tropical cyclones intensify and their dissipation

- Physical hazards of tropical cyclones and their impact on
people and environments

- Why some countries are more vulnerable than others to
the impacts of tropical cyclones




- How countries can prepare for, and respond to, tropical
cyclones

- The effectiveness of these methods of preparation and
response in one developed country and in one
developing or emerging country

Earth’s layered structure, and physical properties is key
to plate tectonics. Plates have different characteristics
leading to earthquakes and volcanoes. Different places
deal with these hazards in different ways

- Earth’s layered structure

- How the core’s internal heat source generates
convection, the key foundation for plate motion

- Distribution and characteristics of the three plate
boundary types

- Causes of contrasting volcanic and earthquake hazards

- Primary and secondary impacts of earthquakes or
volcanoes on property and people in a develope
emerging or developing country

- Management of volcanic or earthquake haz
developed and emerging or developing
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Section |

Atmosphere and Climate

Are natural hazards becoming more common?

1200
1000
a00
Number of I
natural 00

disasters

—

2004

0
I I R I R I I g S i

Year

Key
I Climatological events (extreme temperature, drought, forest fire)
I Hydrological events (fload, mass movement)
B (veteorological events (storm)
[ Geophysical events (earthquake, tsunami, volcanic eruption)

physical fa®rs e.g. geology, coastal morphology etc.
ation density

Level of development

Effectiveness of Management

Time of event




Atmospheric Circulation
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+ This air then sinks back down to the surface at approximately 30°N & S
giving high pressure
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The Coriolis Effect

hat storms like hurricanes appear to spin and why the winds on our

ot travel directly North or South.

|. The G#If Stream (and its extension, the North Atlantic Drift) bring warm, salty

water to the NE Atlantic, warming western Europe.

2. The water cools, mixes with cold water coming from the Arctic Ocean, and

becomes so dense that it sinks, both to the south and east of Greenland.

3. If we look at a map, we see that this current is part of a larger system, connecting

the North Atlantic...




»

...the tropical Atlantic...

5. ..the South Atlantic...

6. ...the Indian and Pacific Oceans...

7. ..and the Southern Ocean. Further sinking of dense water occurs near to Antarctica.

8. If we look below the surface, water from the two main sinking regigns spreads out in

the subsurface ocean...

9. ..affecting almost all the world's oceans at depths from |

10. The cold, dense water gradually warms and return t the

world's oceans.

I'l. The surface and subsurface currents, the Ing regions, and t of water to

the surface form a closed loop, the tlaermo

thermohaline conveyor belt\
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The ITCZ

The ITCZ is where the North Easterly trade winds meet the South Easterly trade

Intertropecal convergence zone (ITCZ)
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. W&I to know how this band of heavy rain showers effects the west coast of

Africa, as this is where the effects of the ITCZ are felt the most.

It is commonly thought that the sun is overhead at the equator all year round, this
however is not true. Due to the earth spinning on a tilted axis the position of the
overhead sun migrates northwards, when we have our summer solstice (longest day)

and then migrates southwards, our winter solstice (shortest day).




* This means the ITCZ is also going to travel north and south through out the year.

This means the heavy rain showers on the West coast of Africa are very seasonal.

Air masses and the ITCZ

* As the ITCZ moves north with the position of the overhead sun it pulls the South
east trade winds into the northern hemisphere. These winds then change direction

due to the Coriolis force and loop round to become south westeﬁ

S S North east

trade winds

\ NN /Southeast

trade winds

ITCZ

CZ moves north it will pull the mT winds over the land. This will bring wet
weather to any places which lie south of the ITCZ. At the same time places to the

north of the ITCZ will be experiencing hot dry weather.

e  To summarise:

* Directly underneath the ITCZ = convectional thunderstorms.




* South of the ITCZ = wet Weather from mT.
* North of the ITCZ = dry weather from cT.

Climate change causes

Climate change and tropical storms
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Climate change

Psphere generally attributed to the greenhouse effect caused by increased levels

bon dioxide, CFCs, and other pollutants. (Oxford dictionaries)

* Quaternary period — the current geological period dating from 2.6million years ago
to the present day. We live in the Holocene epoch of the Quaternary period, which

covers the last 12,000 years since the end of the last ice age.



http://www.metoffice.gov.uk/climate-guide/climate-change
http://www.oxforddictionaries.com/definition/english/global-warming
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the Thames froze regularly. Average sea surface temperatures in the Central Atlantic

estimated at |°C cooler than present average (radiocarbon sediment core).

* The ‘Medieval Warm period between 800 and 1300 was |°C warmer than today by the
same measure. The Vikings used this warm period to settle the ice free shores of

Greenland.



http://www.google.co.uk/url?sa=i&rct=j&q=quaternary+period&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://pubs.usgs.gov/of/2008/1206/html/figs/table3_1.html&ei=Fph1VcKgO4XwUtKPgegE&bvm=bv.95039771,d.d24&psig=AFQjCNG0iF--6VLn-OJwLOPpDzc0TOvf4A&ust=1433856397915983

The Holocene climatic optimum around 7500-5000 BP was a warm period — minor
increases at the equator but up to 4°C average increase at the poles — this lead to the

spread of vegetation across northern Europe.

The Greenhouse effect

Human influenced greenhouse effect?

Carbon dioxide allows short wave solar radiation to pass and warm the Earth.

This heat is radiated and reflected back by the Earth’s surface as long ave radiation

which cannot pass as easily through the greenhouse gases in the troposp

ozone.

As long as gas concentrations and so hen Earth’s temp.

remains stable.
However CO, conce y 15% in the last 100 years.

Current rate of in i ite international attempts to halt

increases.

consumption — burning releases CO,. The industrialised nations, especially the

US hNg@traditionally been worst culprits, however industrialisation of China and India is

Deforestation — trees act as a carbon sink. Burning them to clear land releases CO, and
further use of the land for cattle farming releases methane. Particularly a problem in

Tropical rainforests.




Carbon emission per head
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When¥€leased the can be spread around the world in the stratosphere.

* In 1991 Mt. Pinatube in the Philippines erupted and released |7 million tonnes of
sulphur dioxide into the atmosphere. This cooled the earth by about 0.5°C for |

year.




Asteroid collisions

Sunspot theory

Asteroids colliding with the earth can change our climate
In 1908 a asteroid 100m wide exploded above Russia
It flattened 80 million trees

This releases a large amount of dust and ash into the atmosphere

This then cools the earth as it blocks out the sun

2000 years ago a Chinese astronomer started to sunsp
These are black areas on the surface of the
They indicate how active the sun it.
More spots means more energy

Many believe the Little Ice Age wa




Orbital Theory

* Plant trees

* International agreements

ave been biZgnges in climate.

ith how the earth orbits the sun.




Past Climate

The distant past

UK Weather

120 000 years ago rhinos and elephants lived in what is now London. We know this

due to the fossils that scientists have found.

There was also a huge ice sheet stretching from the north pole to as far as London.

We know this because of the landforms in the UK such as V shap
Ice Cores

Tree rings - In temperate climates such as Western Europe

summer.
Periods of growth can be seen in the ring
Each ring is a year of growth.

When the rings are close toget g as C nd dry, far apart

warm and wet.

Historical sources - gs, written records such as

diaries and new records.

e point of weather from several directions

e weather is so changeable




Arctic weather can bring
§ snow and bitter cold
N\

Severe winter can come
__N fromthe east

Storms can arrive from \ \
the Atlantic ;
B

= Hot sunny weather from

.

the south.Leading to
droughtand heatwaves

‘.
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Depressions
e Depressions are atmospheric pressure which produce cloudy, rainy and

W-pressurg systems often begin in the Atlantic, moving

re responsible for the UK's changeable weather.




Sky Showers Heavy rain/ Clear Steady Drizzle Sky
clearing thunderstorms and dry rain clearing,
high cloud

Cirrus
\ \ Altostratus / "

West East

mmm \Warm air rising
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Weather Depression \ \
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* Warm Tropical air migrates north from the Tropics,and meets cold polar air migrating south from the Arctic Regions over the
Atlantic Ocean. They meet at a point called the Polar Front.

* Where these 2 air masses meet an embryo depression is formed

* The warm air is undercut by the advancing cold air at the fronts and because it has more energy and is less dense is forced to

rise upwards at a COLD FRONT.

(

» Ahead of this, warm air advances into cold air and is also forced to rise above this denser cold air at aWARM FRONT.The air
rises in a spiral motion,and this creates low pressure at the earth’s surface at the center of the storm.

* At both fronts air is rising, so it cools down and creates water droplets (cloud formation) and eventually rain (once the
droplets have collided enough to be big enough to fall) AT BOTH FRONTS.

6
* The cloud types at the 2 fronts are different however Cirrus, cumulus and Nimbostratus are common on the warm front
where warm air is slowly lifted over the cold air in front of it. This gives prolonged but lighter rainfall. Cumulonimbus and
stratus clouds form at the trailing cold front, as the uplift of warm here is more rapid.
7

= Air rushes in from higher pressure areas around the depression giving the high winds we often associate with depressions.

* The final stage of the depression life cycle model is where the cold front catches up with the warm front and an OCCLUDED
FROMT is created.

S
1



Anticyclone

* A weather system with high barometric pressure at its centre, around which air
slowly circulates in a clockwise (northern hemisphere) or anticlockwise (southern

hemisphere) direction. Anticyclones are associated with calm, fine weather.

Anticyclones are the opposite of depressions - they are an area of high atmospheric

pressure where the air is sinking.

* In summer this makes hot dry weather.




Section 2

Tropical Storms

Formation of a tropical storm

4

* This air cools as it rises, at | °C per 100m, this causes condensation to
occur, clouds to form and precipitation (usually rain) to occur

A map to show t




Hurricane Formation

The storm rotates
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Hurricane Katrina

Around the 23™ August 2005 a small tropical depression formed over the warm waters of
the coast of Florida; within a week it had deepened to form a Category 5 hurricane that

destroyed the Louisiana city of New Orleans, killed over 1,700 people and caused in excess




of $100 billion in damages. It remains the most costly hurricane ever and took more lives

than any USA storm since 1930.

As the name suggests, Katrina was the | | tropical storm that ear; a year that produced

record numbers of storms, hurricanes and in particular category 5 hurricanes.

Katrina’s path took it over the southern tip of Florida but it was over the warm waters of

the Gulf of Mexico that the storm deepened to exceed wind speeds of 28@km/h, thereby

creating a category 5 hurricane. Despite dropping to a category 3 event be reaching land
over the delta of the Mississippi River, Katrina was a huge and po
accompanying storm surge varied from 3 to 10 m in height and alo

winds and intense rain, building damage and flooding was

People

eas outside New Orleans grew in numbers as the

nte if Mississippi 109,000 were made homeless and over

g damage and destruction was widespread and stretched up to 100 km from
the storm centre. At least 100,000 temporary homes were needed across the
region.

e Services in New Orleans were severely damaged. Even six months after the event
the city centre had no functioning sewage system, and gas and electricity supplies

were not available.

21-



Protective Measures for people and prope

Agriculture suffered heavy losses including the death of nine million poultry in
Mississippi, while in the same state the dairy industry lost $12 million.

The forest industry in the region was affected; over one million acres of forest was
destroyed. Due to Katrina, a total financial loss to the timber industry is estimated at

$5 billion.

The US Corps of Engineers, the group responsible for river management, estimated

that in Louisiana there were over 70 million cubic metres of stor bris to be
removed.
In the aftermath of Katrina hundreds of thousands of local
without work. This will have a trickle-down effect
to the US Government. It is estimated that Ka

Louisiana and Mississippi will exceed $150

Statistics would suggest that in general ricanes is successful

August 2005 Hurricane Katrina was precisely tracked from the initiation to the
pon of its short but violent life. Katrina’s scale, strength and landfall locations,
first in Florida and later in the delta region, were accurately predicted.

Despite the years of investment and numerous warnings of the threat that a major
hurricane posed to the people of New Orleans, evacuation plans proved inadequate.
Following the event, a Congressional Report described the government’s response
to Katrina’s impact as a national failure, stating that “...clumsiness and ineptitude...

characterised behaviour before and after this storm”. Part of the problem was that

22-



over 25% of households in New Orleans did not own cars and had no easy way of
evacuating the city. Residents also refused to leave their homes, fearing looting in
their absence; some paid for this inaction with their lives.

2. Education
It appears that despite the official awareness of the risk to New Orleans, most
residents had little fear that the city would be badly impacted.

3. Building Codes

In New Orleans the city’s situation — much of it lies below sea level eant that the

Why would people live in hazard-prone areas?

* They may have no/limited choice.

* At collision plate boundaries, hills and mountains are created, this attracts tourists, and

is nice scenery.

23-



* Fertile soil - new soil is produced, richer in minerals and nutrients and plants grow

better there.

* For example, Japan is very prone to earthquakes. However, people still want to live
there as it is a wealthy country. And good jobs can be found there. Economic interests is

one of the consideration for people when choosing places to live.

How to prepare the house for an earthquake:

* Secure heavy appliances to studs in the wall so that they are less likely t

* Make sure all pictures, clocks, e.t.c hanging o ed in, so there

is no chance of them falling.

* Have safety film put over your win

Protect

o door frame
* Keep away from power cables
* Keep away from trees

* Stop driving

* Get outside it possible

* Turn off gas

24-



* Listen to the radio
* Supplies you will need:
* Food

*  Water

¢ Medical supplies
* General supplies: batteries portable radio e.t.c $

K

25-



Section 3

Inside the earth

Earthquakes and volcanoes

e Destructive plate margins — Where two plates are moving towards each other.

e Constructive plate margins — Where two plates are moving away from each other.

e Conservative plate margins — Where two plates are moving sideways each other.

e Subduction — Where one plate moves under another.

Structure of the earth

26-



Plate margins
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Eurasian

Juan de Fuca

Filipino
plate

EQUATOR

Pacific
plate
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* There are three types of plate margin!

Destructive plate margins

*  Where oceanic pl eets a contine The denser oceanic plate is forced down

into the mantel an

e Thiso
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Constructive plate margins

e Where two plates are moving away from each other e.g. The mid Atlantic ridge. Magma

rises from the mantle to fill the gap, cools and creates new crust.

Constructive margin

Conservative plate margins

e  Where two plates a ch other, or are moving in the same

direction but at d est coast of the USA. Crust is not

created or diitroye :

Conservative margin

28-



Volcano and earthquake locations
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b

epicentre

seismic waves |
TN T

rgins as plates rarely move continually.

oves, causing the rocks to fracture and

tikes produce two main waves which travel at different speeds (body waves

el through the Earth and surface waves)
* P-waves are the fastest and travel through both solids and liquids.
* S-waves are slower and can only travel through solids.

* Love waves shake the ground at right angles to the direction of movement; they are

faster than Rayleigh waves.

30-



* Rayleigh waves produce both horizontal and vertical ground movement, occurring in

a rolling motion. These are what often cause the most damage.

Earthquake Measurement

¢ Earthquakes are measured on a seismometer.

* The intensity or size of the earthquake is measured on the Richter scale. This

records an earthquake’s magnitude.

* The Richter scale is logarithmic, so a magnitude 7 earthqu

powerful than a magnitude.

* An earthquake larger than magnitude 5 is likely to e to

buildings.

y
4
Catastrophe

Disaster WG RuL: Y
(10-1,000 dead)

f Disruption

| (<10 dead)

Minutes Hours Days Weeks Months

Time

earthquakes — The Richter Scale

* This measures the magnitude of a tremor (how powerful it is) using an instrument

called a seismograph.

*  On the Richter Scale, magnitude is expressed in whole numbers and decimal
fractions. Although the Richter Scale has no upper limit, the largest earthquake ever

recorded was in 1960 in Chile. It measured 9.5 on the Richter Scale.

31-



* Itis a logarithmic scale which means that a size ‘6’ on the Richter Scale is 10 times

larger than a size ‘5’ and 100 times larger than a size ‘4.

Measuring earthquakes — The Mercalli Scale

The Mercalli scale measures how much damage is caused by the earthquake based

on observations.

* It is measured on a scale between | and 2.

100 200km

What were

gppen in the hours, days and weeks after the initial earthquake.
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Primary effects
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Secondary effects
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New Zealand

« Christchurch

EQUATOR

‘\).\r\,-\:
/’KL \‘\

‘Australian ]
< Fﬁt‘i\«&\ /
)

W Antar

thquakes AND volcanoes because of the plate

ealand there is an Earthquake Commission which everyone contributes to as

eir insurance cover. This fund stands at billions of dollars.

* There is a strict building code which is reviewed every 10 years and is enforced for all

new buildings. Recommendations are made to people with older buildings.

*  With most people living in urban areas, it means that the government can make sure
that infrastructure is up to the highest standard and emergency services can be fully

organised in case of a disaster.

34-



* Education is an important part of living in a tectonic area and everyone knows what to

do in an earthquake, a tsunami or when a volcano erupts.
Community is very important, and after an earthquake everyone works together.
Yolcanoes

There are three types of volcanoes.

e Active
e Dormant

e Extinct

35-



Shield volcano

Composite volcano

A volcano occurs where the plate movement is either destructive (oceanic crust is sinking)
or constructive (plates are moving away from each other). Magma can be thin and runny, or
thick and sticky (viscous). Viscous gassy lava causes the most dangerous eruptions because it

can’t escape from a volcano easily; the pressure builds up until the magma explodes out.

36-



Explosive eruptions produce particles of all sizes, from dust to blocks of rock. These

particles collapse, and rush down the slopes of a volcano as a deadly pyroclastic flow.

Mt St Helens Case Study

NW USA.

* Erupted on May 18th 1980. Activity began in March and for 3 months there was

seismic activity as magma rose up in the volcano.

¢ The magma caused a blockage in the side of the volcano.

* An earthquake measuring 5.1 caused the volcano to explodeY

L N

Sector Federal Private | State Local | Total % Total
Forestry $168.0 $218.1 $63.7 | --- $4498 | 46.6
Clean-up 307.9 9.7 5.0 $41.3 |363.0 374
Property 43.6 44.8 25 16.0 106.9 1.0
Agriculture -- 39.1 -- -- 39.1 4.0
Income -- 8.9 -- - 8.9 0.9
Transport -- -- -- 2.1 2.1 0.2
Total $518.6 $320.6 $71.2 | $594 |$9698 |--
Percent of total 53.0 33.1 7.3 6.1 -- --

In millions of dollars (USS)

A J
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