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Overview
The occurrence of natural events, and especially those that become hazards, will always 
keep geographers busy. We are interested in the events themselves – what caused 
them, their impacts, how they have been managed  – and also whether there are any 
long-term changes in their pattern, distribution or frequency. This series of articles 
satisfies all of these levels of curiosity.

David Holmes assesses whether there is a relationship between two prevalent issues 
in the geographical community – climate change and the frequency of hazards. It is 
true that more hazards have been reported in recent decades, but this could be due to 
improvements in both the reporting and recording of events. There would appear to be 
a link between climate change and some climatic hazards – thunderstorms, droughts 
and floods – but is there a broader connection to other hazards? It is true that more 
people are exposed to hazard risks in the world today than ever before, and govern-
ments have to work out the best way to address them.

The largest climatic hazard event to take place in recent years was Superstorm Sandy 
– labelled by some as ‘Frankenstorm’. Garrett Nagle provides a detailed case study 
that examines the causes, impacts and management of this huge storm, with particular 
reference to the cities on the eastern seaboard of the USA. New York suffered badly, 
and there have been calls for better protection of this hugely important city. However, as 
elsewhere in the world, financial considerations have to be considered.

There is strong evidence to suggest that oscillations in the movement of both air and 
sea water in the southern Pacific region, known as El Niño and La Niña, are responsible 
for the increasing occurrence of various climatic hazards in different parts of the globe. 
Garrett Nagle examines this highly complex area of study, offering an explanation for 
these oscillations and some discussion of the impacts, with special reference to the 
floods in Queensland in 2011. However, although scientists may be able to identify 
these trends, they are no closer to predicting them and hence they are unable to warn 
governments in order that they can prepare effectively. 

Tectonic events continue to occur, creating hazards in various parts of the world. One 
such area is Christchurch, New Zealand, where within six months of each other in 2010 
and 2011 two earthquakes struck. Paul Guinness identifies the causes of the devasta-
tion that took place in the city and examines in detail the wide-ranging consequences 
of the quake. These are not just short lived. Within the Christchurch area, longer-term 
impacts – on migration levels, education provision and confidence – are now becoming 
apparent. The Tohoku earthquake of March 2011 is another good illustration of this. The 
major disaster that affected the eastern coast of Japan near the city of Sendai was in 
fact three disasters – an earthquake, a tsunami and a nuclear power station going into 
meltdown. The impacts of these are well documented. David Redfern examines the 
longer-term responses by the national government and analyses the factors that will 
determine whether they are likely to be successful. 

Series contributors

David Redfern  
(Editor)

Paul Guinness

David Holmes

Garrett Nagle
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  ‘Unless there is a major volcanic eruption in  2013, 
the average global temperature will be higher 
than it was for all but one year in the twentieth 
century.’ According to The Economist (December 
2012), this statement is a ‘safe bet’, since average 
temperatures have been higher than they were 
for all but the very hottest year in the twentieth 
century for the past ten years. Unless a volcano 
cuts the amount of incoming sunlight by spreading 
a thin haze of particles through the stratosphere, 
much the same can be expected in 2013.

The link between a warming planet and 
natural hazards is a ‘hot topic’, not least because 
economic losses from disasters have grown expo-
nentially in recent decades (Figure 1). Losses are 
growing at a far greater rate than the number 
of disasters. Mega-disasters such as the Kobe 
earthquake, Hurricane Katrina and the Honshu 
Tsunami can lead to huge rises for a single year, 
resulting in a fluctuating trend in recent decades.  

Climate change and projected 
impacts on climatic hazards
The Intergovernmental Panel on Climate Change 
(IPCC) predicts how a more extreme climate 
(resulting from global warming) will have a 
hazardous impact on people and environments. 
Projected climate change in coming decades is 
likely to alter both the frequency and magnitude 
(intensity) of climatic hazards. Figure 2 shows 
the increases in the number of reported disasters, 
1900–2011.
•	Changes in precipitation patterns, soil moisture 

and vegetation cover could lead to more frequent 
droughts, floods and subsequent landslides. 

•	A warming planet is leading to thermal 
expansion of the oceans. Rising sea levels are 
creating higher storm surges during hurricanes 
(e.g. Hurricane Katrina) and putting many 
mega-cities at risk. 

•	Increased temperatures will warm the oceans, 

Climate change and 
changing hazards 

David Holmes 
considers the 
complex and 

sometimes 
conflicting views 
and beliefs that 

are wrapped 
up in both 

climate science 
and hazard 
geography.  
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which could spawn more energetic storms 
(Category 4 or 5). In spite of much discussion 
about the frequency of hurricanes being 
related to global warming, most scientists link 
this more to oscillations such as the El Niño 
Southern Oscillation. They note that hurricanes 
are minimal in the Atlantic in El Niño years, 
but at their worst in La Niña years. 

•	Global warming is leading to more unpre-
dictable climates, with more extreme weather 
events such as the European floods in 2002 and 
European droughts in the summers of 2003 
and 2006. 

Severe thunderstorms in the USA  
in 2011
An extremely active spring thunderstorm season 
in 2011 caused damage on an unusual scale across 
the eastern United States. Numerous tornado out-
breaks devastated cities, causing a record $25.9 
billion in insured losses (Figure 3) and over 600 
thunderstorm-related fatalities – the highest loss 
of life from this hazard in nearly 100 years. 

Although many physical factors contributed to 
the severe thunderstorm and tornado outbreaks 
of 2011 in USA, the La Niña conditions were also 
highly significant. La Niña (caused by an intermit-
tent, stronger cold current that flows from the 
east across the equatorial Pacific Ocean, resulting 
in warm water building up in the west Pacific – 
see pp. 11–12) has been shown to create atmos-
pheric patterns over the eastern half of the United 
States. The increased energy, combined with the 
strong temperature gradients and wind patterns 
associated with these types of frontal systems, is 
thought to increase the potential for severe thun-
derstorms. Warmer surface temperatures probably 
lead to greater convective potential in thunder-
storms, as well as an increase in available moisture 
for these big storms. The number of days per year 
on which atmospheric conditions are favourable 
to severe weather may also increase across the 
eastern United States. 

There can be little doubt that La Niña is linked 
to a range of other global extreme weather events 
over recent years, such as the Russian heatwave 
in 2010 and, in the same year, some of the worst 
flooding ever seen in Pakistan. But how strong is 
the link between these types of hazard events and 
climate change? Climate change may be exac-
erbating the effects and intensity of La Nina’s 
impacts by affecting complex feedback mecha-
nisms between the land, air and sea. 

Drought in the Horn of Africa
In the summer of 2011, a severe drought affected 
the entire East Africa region – one of the worst 
events for half a century that caused a severe food 
crisis  in Somalia, Djibouti,  Ethiopia  and  Kenya 
(Figure 4). An additional impact was that many 
refugees from southern Somalia fled to Kenya and 
Ethiopia, where crowded and poor conditions 
together with malnutrition resulted in a large 
number of deaths.

An unusually strong La Niña that interrupted 
seasonal rains for two consecutive seasons was 
again the cause of this extended period of drought. 
Precipitation in the main rainy season from April 
to June was less than 30% of the average for 
1995–2010.

There is a good chance that climate change  
is amplifying the drought hazard in this area. 
Meteorologists agree that the Horn of Africa 
experiences extended droughts on a regular basis, 
but there is mounting evidence that there is a 
higher probability of extremes in drought and 
precipitation in a changing climate. The behaviour 
of the climate in this region is fulfilling predic-
tions made by scientific models from the 1990s. 
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The UK floods of 2012

Flooding  is the greatest threat to the UK posed 
by climate change, with up to 3.6 million people 
at risk by 2050, according to a report published 
in 2012 by the UK Department for the Environ-
ment, Foods and Rural Affairs. Current evidence 
suggests that increases in rainfall intensity and the 
frequency of high river flows are likely under a 
changing climate, leading to an increased risk of 
surface water and river flooding in the UK. This 
will create higher costs for individuals, businesses 
and the wider economy.

However, climate change is not the only factor 
that influences the risk of future flooding. Risk 
can change if either the probability of an event 
occurring changes or the consequences of an 
event alters. By continuing to locate vulnerable 
infrastructure in areas of flood risk, the likelihood 
of damages to people and property is increased.  

Australia’s ‘Angry Summer’
The ‘Angry Summer’ in 2012–13 was Australia’s 
hottest since records began in 1910 (Figure 5). 
New temperature records were set in every state 
and territory, and the national daily average 
temperature rose to unprecedented levels.  There 
were severe bushfires, extreme rainfall and 
damaging flooding. A 2013 government report 
stated that it was likely that extreme hot weather 
would become even more frequent and severe in 
Australia and around the globe over the coming 
decades. The report clearly indicated that the 

weather hazards during the Angry Summer were 
made worse by climate change.   

Climate change and impacts on 
other hazard types 
Other scientists have hinted at a possible link 
between an increased risk of tectonic hazards 
and climate change. One argument is based on 
the idea that human-induced climate change is 
melting ice masses at a rapid rate. This ‘unloading’ 
of ice is thought to decrease the stability of the 
crust and has the potential to alter the risk of 
geological hazard by promoting more rapid 
crustal bounce-back. There is some evidence in 
Alaska (2002–06), for example, that there has 
been an increase in earthquake activity and giant 
landslide frequency. The changing frequency of 
these hazards may be down to ice loss. However, 
while it is possible that changes in ice cover can 
affect the earth’s crustal stability, much of the link 
to hazards remains speculative. 

Other reasons for the change in 
hazards
Other explanations for the increased frequency 
of hydro-climatic disasters are linked to increased 
environmental degradation caused by population 
pressure, which in turn leads to deforestation and 
land-use change. However, scientists are divided 
as to whether deforestation and removal of the 
interception layer is a root cause of increased 
flash flooding in, for example, China, Vietnam 
and Bangladesh. There is little doubt, though, that 
environmental degradation influences the effects 
of natural hazards by increasing their magnitude 
and impact.

Conclusion
The geography of global climate change and 
hazards is dominated by uncertainties in terms 
of not only future risks and exposures but also 
the future role and importance of adaptation 
and mitigation strategies. The changes in hazard 
magnitude and frequency should not be consid-
ered in isolation without time to reflect on vulner-
ability and the fact that a greater proportion of 
the world’s population is now exposed to the risk. 

A single extreme weather event cannot be 
attributed to climate change. However, all 
extreme weather events are now occurring in a 
climate system that is warmer and moister than it 
was 50 years ago. This is adding up to a ‘perfect 
storm’. TE   
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REVIEW

Key points
●● There is overwhelming evidence that climate 
change is happening: global temperatures 
increased by 0.7°C during the twentieth century 
and will rise further.

●● There is a strong link between a warmer climate 
and the increasing magnitude of hydro-meteor-
ological hazard events in recent years. 

●● There is a weaker link between climate change 
and increasing frequency of events, though many 
would argue that there is a positive trend. 

●● Tectonic hazards may be influenced by climate 
change, but there is only limited evidence of this. 

●● The increasing awareness of hazards and climate 
change makes the topic both complex and  
controversial, since there is so much conflicting 
evidence. 

Pause for thought
●● How strong is the positive relationship between 
climate change and particular hazard types? How 
easy is it to unpick the frequency and magnitude 
ideas?

●● Which parts of the world will be most affected by 
a warming world and their exposure to certain 
hazards? Are we likely to see the emergence of 
new multiple-hazard hotspot areas?

●● How might future hazards play on the more 
vulnerable, especially set against a backdrop of 
increasing population, urbanisation and general 
pressure for more living space in areas at risk?

●● What should be done in the future (if anything) 
to try and either adapt or mitigate these hazard 
impacts for some people?

Context
This article examines a range of ideas relating to 
how present and future climate change may have an 
impact on hazards. There are a number of overlap-
ping issues:

●● economic development of some parts of the world 
could be adversely affected, with the increased 
risk of exposure to hydro-climatic hazards; 

●● there is likely to be an increase in both the number 
and intensity of thunderstorms in the USA associ-
ated with a strong La Niña;

●● with increasing threats posed by certain types of 
hazards, decision makers and governments face 
tough choices in terms of the best way to manage 
and predict future risks. 

RESPONSE 

Assimilation

1 Describe the most significant outcomes that the IPCC predicts in terms 
of hazard magnitude and frequency. 

2 Describe the key drivers – natural and anthropogenic ‘forcings’ – that  
are thought to contribute to more energy in the earth’s atmosphere.   

3 How might the future impacts of changing climates and associated 
hazards be better managed? 

4 Compare the causes and characteristics of a long-lived drought hazard 
against a ‘flashy’ flood.  

5 What are some of the complex issues around the relationship between 
hazard intensity and La Niña?

6 Comment on the reasons for the increase in economic impacts  
associated with the flood hazard. What are the reasons for the spatial 
differences? 

Evaluation

1 ‘Hydro-meteorological hazards will increase in the future because  
of climate change.’ Discuss. 

ANSwEr pLAN

 There are a number of key patterns and possible reasons:

●● More water and energy in the atmosphere can cause changes in the 
frequency of tropical storms, flooding and drought, for instance. 

●● Magnitude may increase, though it is difficult to attribute this solely to 
climate change. 

●● Other factors increase risk and hazards, e.g. change in land use.

●● With a 2–4°C temperature rise in the future, there may be unexpected 
changes and risks, with concern about tipping points and thresholds. 

2 To what extent may population growth and urbanisation increase future 
hazard vulnerability for some people in a changing climate?

3 ‘In the coming decades, climate change could become a larger 
component of thunderstorm loss trends.’ Discuss.

4 To what extent are more intense precipitation events likely to increase 
 the localised risks from landslides and other linked mass movements? 

Extension

1 What might be the role of technology in being able to protect people  
and places against increased risks of climatic hazards?

2 To what extent are the spatial patterns of climatic hazard vulnerability 
likely to change in the future?

3 Download the IPCC report (http://www.ipcc.ch/pdf/presentations/
Rio20/Rio20_puc_uospring.pdf). What are the key messages in the 
presentation and what lessons can be learnt?

4 Visit http://www.emdat.be/natural-disasters-trends. Choose two of  
the graphs under ‘Disaster types 1900–2011’ and try to explain the 
trends shown. Are there any surprises or anomalies?  
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  Hurricane Sandy was a tropical cyclone that 
developed into a hurricane and moved out of the 
Caribbean to have an impact on an extra-tropical 
region. It left a trail of destruction in its wake across 
a mix of developing and developed countries. The 
impacts of Hurricane Sandy varied in these countries 
(Table 1) on account of a number of factors 
including wind strength, storm surge, quality of 
housing and infrastructure, proximity to the eye 
of the hurricane and population density.

Hurricane Sandy was the deadliest hurricane to 
hit the USA since Hurricane Katrina (2005) and the 
worst to hit the east coast since Hurricane Diane 
in 1955. It devastated portions of the Caribbean 
and east coast of the USA during late October 
2012.

Hurricane Sandy and Hurricane 
Katrina
The damage caused by Hurricane Sandy was similar 
to Hurricane Katrina – both flooded major cities, 
cut electric power to millions, and destroyed prop-
erties and infrastructure along the coastline. Both 
were responsible for a number of deaths. However, 
from a meteorological viewpoint, the two storms 
were very different.

Hurricane Katrina was a tropical hurricane 
that gained its strength from the warm tropical 
waters over which it passed. Sandy acted like a 
tropical hurricane while it was over the tropics 
(Caribbean), but as it moved northwards over 
the Atlantic it lost some of its strength (Figure 1). 

‘Frankenstorm’

The devastation of 
Hurricane Sandy 

Garrett Nagle discusses the impacts of a hurricane that 
affected seven developing and developed countries in the 
Caribbean and North America. 

CANADA
2 dead; $100 million 
damage

USA
131 dead; 
$65 billion
damage

Miami

New York

THE BAHAMAS
2 dead; $300 million damage

Oct 28, 2pm

Oct 25, 
11pm

Oct 25, 
2am

Oct 24, 
11am

Oct 29, 8pm
Landfall at Atlantic City

Oct 29, 11am

CUBA
11 dead; $80 million damage

JAMAICA
1 dead; $55 million damage

Tropical 
storm

Category 1
hurricane

Category 2
hurricane

Monday
Oct 22, 11pm

HAITI
104 dead; $100 million damage

DOMINICAN REPUBLIC
2 dead; $30 million 
damage

Figure 1 Hurricane Sandy’s path of destruction

 Economic 
Country loss/death 
 ($ million)

Canada 50

USA 480

Bahamas 50

Cuba  7

Jamaica 55

Haiti 1

Dominican 
Republic

 
15

Table 1 Economic loss 
per death ($ million)

2
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However, it then merged with a weather system 
from the west and became an extra-tropical 
hurricane. A blocking anticyclone over Greenland 
prevented the weather system from moving further 
eastwards. 

Extra-tropical hurricanes gain their strength 
from the temperature contrasts between masses of 
warm and cold air. They also tend to be assymet-
rical and cover a broader area. Katrina had winds 
of over 65 km/hour over a total distance of 500 km 
compared with Sandy’s winds covering 1500 km.

Formation of Hurricane Sandy
Superstorm Sandy began as a tropical wave in 
the Caribbean on 19 October and turned into 
a tropical depression and then a tropical storm 
in just six hours. It became a hurricane on 24 
October when its maximum sustained winds 
reached 74 mph (119 kph) (Figure 1).

At its peak, it was a Category 2 hurricane. 
However, it had dropped to a  Category 1 hurricane 
off the coast of the northeastern United States 
when it merged with a weather system to become 
the largest extra-tropical Atlantic hurricane on 
record, measuring up to 1800 km in width.

Impacts of Hurricane Sandy
Losses due to damage and business interrup-
tion are estimated at $65.6 billion, making it the 
second costliest hurricane. Over 250 people were 
killed along its path in seven countries. In Haiti, 
an outbreak of cholera linked to Sandy killed over 
40 people and infected more than 5000 others. 
More than 100 deaths were attributed to Sandy in 
Haiti, with tents across the refugee camps flooded 
and crops washed away.

In the United States, Sandy affected 24 states, 
including the entire eastern seaboard from Florida 
to Maine and west across to Michigan and 
Wisconsin. Damage was particularly severe in 
New Jersey and New York. 

As Sandy was predicted to merge with another 
low pressure system around Halloween, it was 
nicknamed ‘Frankenstorm’ and, later, ‘Superstorm 
Sandy’. Researchers from Johns Hopkins Uni-
versity estimated that 10 million people along the 
eastern coast of the USA were without electricity 
due to the storm. Worst affected areas included 
New Jersey (over 1.98 million without power), 
New York (over 1.5 million) and Pennsylvania 
(over 0.5 million). The poor quality of the USA’s 
ageing electricity infrastructure was partly to 
blame.

A state of emergency was issued in Maryland, 
Delaware, New Jersey, Pennsylvania and New 
York. Residents living on barrier islands in New 
Jersey were forced to evacuate their homes. Some 
basement dwellers and ground-level residents 
were forced to evacuate from Hoboken, New 
Jersey. Over 70 evacuation shelters were opened 
in New York.

Atlantic City casinos were closed, as were most 
schools, colleges and universities in the affected 
areas. A 15-metre piece of the Boardwalk at 
Atlantic City was washed away. The East River 
overflowed its banks, flooding large areas of Lower 
Manhattan. Battery Park had a storm surge of  
14 feet. Over 100,000 homes on Long Island 
were damaged or destroyed. 

Transport infrastructure was badly affected. In 
New York, JFK, Newark-Liberty and LaGuardia 
airports were closed. Almost 20,000 commercial 
flights were cancelled between 27 October and  
1 November.  The Metro North and Long Island 
railroads closed. The Tappan Zee Bridge, Brooklyn 
Battery Tunnel (Figure 2) and Holland Tunnel 
were all closed. Seven subway tunnels under the 
East River were flooded. It was the worst flooding 
in the 108-years history of the Metropolitan 
Transportation Authority. The city’s most recent 
subway station, South Ferry, was badly flooded 
and repair costs are expected to run to $600 
million.

The New York Stock Exchange was closed for 
two days, the first weather closure since 1985 and 
the first two-day weather closure since 1888. 

In the USA, at least 131 people in eight states 
were killed. Worst affected areas were New York 
(53 deaths), New Jersey (37), Pennsylvania (13) 
and Maryland (11).  

The storm hit the USA just one week before 
the general election. New Jersey’s Governor, Chris 
Christie, praised President Obama 
for the way he dealt with the storm. 
Christie was one of Mitt Romney’s 
leading supporters and his praise for 
the President may have helped get 
him re-elected. Electioneering was 
suspended during Hurricane Sandy, 
though President Obama gained 
favourable television coverage for his 
empathy with some of the victims.

Relief/aid
A number of organisations contrib-
uted to the relief effort. NBC raised 

Figure 2 The Battery 
Park Tunnel is 
completely submerged
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$23 million, Disney-ABC television group $17 
million, and News Corporation $1 million. The 
UN and World Food Programme pledged human-
itarian aid to 500,000 people in Cuba.

The US Senate approved an emergency relief 
package of $60 billion to help areas affected by 
the storm, while the US House of Representatives 
approved an aid package of $9 billion.

According to the Federal Emergency Manage-
ment Agency (FEMA), about 140,000 insurance 
claims have been lodged. Some 72,000 homes and 
businesses were damaged or destroyed in New 
Jersey and more than 570,000 in New York.

Protecting New York
Knowledge that the storm was coming allowed 
governments, businesses and individuals to take 
precautions ranging from evacuating areas to 
moving furniture and electrical equipment out of 
basements. With less warning, the damage would 
have been much worse.

There have been calls for $20 billion to be spent 
on New York flood defences. Engineers have put 
forward many alternatives for flood protection, 
including a five-mile barrier across the lower 
bay of New York (Figure 3) and the placement 
of backup generators high up in buildings rather 
than in basements.

A $9 billion scheme has been suggested to offer 
flood protection for the World Trade Centre and 
backup power for the fuel supply system. Storm 
gates could be fitted at subway stations. Lower 
Manhatten suffered an energy blackout caused 
by flooding at the electricity substation on the 
East River at 14th Street. It had a flood wall to 
protect against a 12-foot storm surge but was 
overwhelmed by the 14-foot storm surge. For $20 
billion, New York could have a system of flood 
barriers similar to those that protect London and 
Rotterdam.

An alternative is to have two barriers: the first 
would span the 8 km from New Jersey to Long 
Island across the lower bay of New York and 
costing $6 billion; the second would be a $6.5 
billion barrier north of the Verrazano-Narrows 
Bridge with sliding doors that would be closed 
during a storm (Figure 3).

Given that Sandy has caused an estimated  
$19 billion worth of damage in New York alone, 
a $20 billion flood protection scheme would  
seem worthwhile. A plan to protect New York 
with four barriers would cost an estimated $22 
billion.

However, there is a problem in raising the 
funds. State governments cannot afford to build 
the defences. The federal (national) government 
provided funds in the wake of Hurricane Katrina, 
but the failure of the defences in this instance had 
clearly been a federal responsibility. In the current 
unfavourable economic climate, the government 
is keen to cut down on spending.

Concluding remarks
A 2007 study from the Organisation for Economic 
Cooperation and Development found that New 
York was the city with the second largest value 
of assets at risk from flooding. When this fact is 
coupled with the statement from the National 
Hurricane Centre that although the number of 
future hurricanes may remain unchanged, the 
‘ones that do form will likely be stronger, with 
fiercer winds and heavier rains’, it is evident that 
some kind of flood defence scheme is needed 
sooner rather than later. TE
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RESPONSE

Assimilation

1 Describe the course of Hurricane Sandy.

2 Outline the impacts of Hurricane Sandy on the Caribbean.

3 Suggest reasons why the number of people killed in Haiti was so high.

4 Comment on the impacts of Hurricane Sandy in the USA.

5 Explain why the railway lines in New York were so badly affected.

6 Why will it cost so much to protect New York from future flooding?

Evaluation

1 To what extent was Hurricane Sandy a ‘normal’ hurricane?

●●  Definition of a hurricane. Does Sandy fit the definition?  
‘Yes’, in the Caribbean.

●●  In what ways does Sandy differ from a normal hurricane?  
The merging with another weather system is unusual.

●●  The size and shape of Sandy in its extra-terrestrial location is  
different from other hurricanes.

●●  The fact that its impact occurred outside of the tropics sets it apart 
from other hurricanes too.

●●  Its top windspeed was not that high – this might be expected in  
an extra-tropical location, as the temperature of the water is not  
so warm.

●●  The sustained high wind speeds made its impacts greater than 
‘normal’ hurricanes.

●●  Although initially a ‘normal’ hurricane, Sandy developed in a different 
way from ‘normal’ hurricanes.

2 Study Figure 1. Comment on the impacts of Hurricane Sandy in the 
countries it affected.

3 To what extent were the preparations for Hurricane Sandy effective?

4 To what extent do you think that the proposed flood control schemes 
for New York would be effective?

5 Outline the role of ICT in hazard management.

6 ‘Natural hazards cause more loss of life in developing countries but 
greater economic loss in developed countries.’ Using Hurricane Sandy 
as an example, evaluate this statement.

Extension

1 Visit the website http://www.nasa.gov/mission_pages/hurricanes/
archives/2012/h2012_Sandy.html. Watch the animations and 
comment on how difficult it is to predict accurately where a hurricane 
will reach landfall.

2 Watch the video clip at http://www.bbc.co.uk/news/business-
20577154 and identify the occupations/industries that benefited 
from Hurricane Sandy. Suggest two other occupations or economic 
activities that benefited from this hurricane.

REVIEW

Key points
●●  Hurricane Sandy was a very unusual hurricane 
in that it affected an area outside of the tropics,  
merging with another weather system to produce 
very intense conditions.

●●  The impacts of the hurricane were also unusual 
– more people died in a developed country (the 
USA) than in developing countries such as Haiti.

●●  The cost of damage in the developed countries 
– the USA and Canada – was much greater than 
in developing countries, such as Haiti and the 
Dominican Republic.

●●  The worst impacts were close to where the 
hurricane made landfall, namely in New Jersey 
and New York.

●●  The impacts were not as great as they could  
have been due to the prediction and monitoring  
of hurricanes.

●●  New York remains vulnerable to storms, such as 
Hurricane Sandy, and these may become more 
intense in future as a result of climate change.

●●  A flood defence scheme for New York is needed 
sooner rather than later.

Pause for thought
●●  What is the evidence that Hurricane Sandy was 
‘socially selective’ in its impacts?

●●  What is the evidence that Hurricane Sandy was 
not ‘socially selective’ in its impacts?

●●  Why were the economic impacts of Hurricane 
Sandy so great in the USA?

●●  What could the authorities in New York have done 
to prevent such economic damage?

Context
This article looks at the impacts of an extra-tropical 
hurricane in a large city in a developed country. 
The scale of the impact was affected by the large 
population in the area and the high level of economic 
development. Within this context there are a number 
of related issues:

●●  the extent to which natural hazards have different 
impacts in developing and developed countries;

●●  the extent to which natural hazards are socially 
selective;

●●  the degree to which it is possible to manage 
natural hazards;

●●  the degree to which it is possible to respond to 
the impacts of natural hazards in the short and 
long term.
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  E l Niño (the ‘boy’ or ‘Christ Child’) is a warming 
of the eastern Pacific that occurs at intervals of 
between two and ten years, and lasts for up to 
two years. Originally, El Niño referred to a warm 
current that appeared off the coast of Peru, but 
it is now recognised that this current is part of a 
much larger system. In contrast, La Niña refers to 
an intensification of the normal conditions in the 
Pacific Ocean.

Normal conditions in the Pacific 
Ocean
The Walker Circulation is the east–west circulation 
that occurs in low latitudes. Near South America, 
winds blow offshore, causing upwelling of the 
cold, rich waters. Warm surface water is pushed 
into the western Pacific. Normally sea surface 
temperatures (SSTs) in the western Pacific are 
over 28ºC, causing an area of low pressure and 

producing high rainfall (Figure 1). By contrast, 
over coastal South America SSTs are lower, high 
pressure exists and conditions are dry.

Over the south Pacific there is a large-scale 
weather circulation – the Walker Circulation – 
with an upper atmosphere airflow from west to 
east and a low level airflow from east to west. 
The southeasterlies move the waters of the cold 
Peruvian current away from the coast. This keeps 
Peru’s climate dry. It also allows upwelling water 
to bring nutrients to the surface and maintain a 
rich fish population. The Peruvian fisheries are 
among the world’s most productive.

El Niño conditions in the Pacific 
Ocean
During El Niño episodes, the pattern is reversed. 
Water temperatures in the eastern Pacific rise as 
warm water from the western Pacific flows into 

The El Niño and La Niña phenomena can lead to 
widespread climatic and economic disruption, so their 
effects need to be managed. Garrett Nagle explains. 
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the east Pacific. During El Niño Southern Oscilla-
tion (ENSO) events, SSTs of over 28ºC extend 
much further across the Pacific. Low pressure 
develops over the eastern Pacific and high pressure 
over the west. Consequently, heavy rainfall occurs 
over coastal South America, whereas Indonesia 
and the western Pacific experience warm, dry 
conditions. 

When the normal atmospheric balance is 
disturbed, the fisheries are adversely affected. 
In addition, the seabirds that feed on the fish 
produce large amounts of guano (bird droppings) 
that make a very valuable fertiliser. A change 
in the atmosphere affects the amount of guano 
produced. Declining guano could also be attrib-
uted to a falling number of seabirds.

The cause of the reversal in the Walker Circu-
lation is not fully understood. Increased insola-
tion may increase surface water energy and its 
impact on the atmosphere. Upper air systems 
are impacted, such as weaker monsoons in Asia. 
As subtropical subsidence occurs further south, 
high pressure over northeast Australia produces 
drought, and active westerlies cause flooding in 
California. Northeast Brazil becomes very dry.

El Niño impacts
El Niño conditions are generally associated 
with an increase in surface air pressure over the 
western Pacific; a decrease in surface air pressure 
over central and eastern Pacific; a weakening of 
the trade winds in the south Pacific; convectional 
uplift of warm air near the coast of Peru, leading 
to rain in the northern Peruvian deserts; 
and the spread of warm water from 
the west Pacific and Indian Ocean 
to the east Pacific. This leads to 
drought in the western Pacific 
and rain in the normally dry 
eastern Pacific.

The effects of El Niño 
are noticeable and marked 
in many parts of the 
world. It is associated 
with warm and very wet 
weather months between 
April and October along 
the western coasts of South 
America, causing major 
flooding. Some parts of South 
America experience much drier 
weather, such as in Amazonia, 
whereas other areas experience  

much wetter conditions, such as southern Brazil 
and northern Argentina. 

El Niño has been blamed for the warm condi-
tions at the 2010 Winter Olympic Games in 
Vancouver, Canada. It has also been linked to a 
reduction in tropical cyclones in the region west 
of Japan and Korea. In East Africa, wetter-than-
normal conditions are experienced, whereas drier 
conditions are experienced in south-central Africa. 
In southeast Asia and northern Australia, the 
increase in the number of bushfires leads to 
declining visibility and deteriorating air quality. 

El Niño events are also linked with increases in 
the incidence of epidemic diseases, in particular 
those transmitted by mosquitoes, such as malaria 
and dengue fever. 

In recent decades there has been an increase in 
the number and frequency of such events, but a 
decrease in the number of La Niña events. This 
could be due to climate change, though the mech-
anisms are unclear.

La Niña
La Niña (‘the girl’) is caused by an intermittent, 
stronger cold current that flows from the east 
across the equatorial Pacific Ocean. It is an inten-
sification of normal conditions whereby strong 
easterly winds push cold upwelling water off the 
coast of South America into the western Pacific.  
It results in warm water building up in the west 
Pacific. Higher temperatures lead to higher  
evaporation, lower air pressure and more rain 
(Figure 2). Its impact extends beyond the Pacific 
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and has been linked with unusual rainfall patterns 
in the Sahel and India, and with unusual tempera-
ture patterns in Canada.

The 2010–11 La Niña event
The La Niña event developed quite quickly in the 
eastern and central tropical Pacific in mid-2010, 
lasting until early 2011. This La Niña, along with 
record-high ocean temperatures in the Indian 
Ocean, was partly responsible for the 2010–11 
Queensland floods. It was also linked to the heavy 
snowstorms in North America and a number of 
strong tornadoes that hit the Midwestern and 
Southern USA in 2011. La Niña is believed to 
have contributed to severe drought in East Africa 
and to Australia’s third wettest year in over a 
century. Outbreaks of the mosquito-transmitted 
disease, Australian encephalitis (or Murray Valley 
encephalitis), occurred in southeast Australia after 
heavy rainfall and flooding that were also associ-
ated with La Niña events.

The Queensland floods 
The Australian floods of 2010–11 followed 10 
years of drought. Heavy tropical rains began in 
November 2010 and, on Christmas Day, Cylone 
Tasha brought torrential rain throughout Queens-
land. Up to 250 mm of rain fell in some areas. 
The Australian Bureau of Meteorology predicted 
this particular La Niña event in the summer of 
2010.

The floods had major impacts. The Dawson 
River reached its highest ever in 50 years, at 
around 14 metres, and the Herbert River reached 
a level of 12.2 metres. The area flooded was larger 
than Germany and France. Over 200,000 people 
were affected. 

The rains continued into January. On 10 January 
2011, a further 343 mm of rain fell on already-
saturated soil over a 24-hour period in some areas 
of Queensland. Up to 80 people were killed and 
22 cities and towns were substantially flooded or 
isolated (Figure 3). Three-quarters of the state of 
Queensland was declared a disaster zone.

The floods had a major economic impact. 
Ten million tonnes of wheat (half the country’s 
supply) was downgraded to below milling quality 
due to the rain damage. Food prices in Australia 
rose by 30%. The floods washed away roads and 
railways, destroyed crops and brought the coal 
industry to a standstill. Over AU$13 billion worth 
of damage was caused.

Outside help was mobilised. State Emergency 
Servicemen from New South Wales and Victoria 
were sent to Queensland. A national appeal was 
issued on 29 December 2010, with the state and 
federal governments each giving AU$1  million. 
Small businesses and primary producers were 
eligible for grants of up to AU$25,000 to deal 
with flood damage. National Disaster Relief and 
Recovery Arrangements (NDRRA) were given to 
31 local government areas in Queensland.

Managing the impacts of  
El Niño and La Niña
Managing the impacts that these events 
cause is difficult for many reasons:
•	  They cannot be predicted with 

much accuracy.
•	  They affect large parts of the globe, 

not just the Pacific.
•	  Some of the countries affected do 

not have the resources to cope.
•	  There are indirect impacts on other 

parts of the world through trade 
and aid.
However, in theory the evolution of 

El Niño events and La Niña events are 
predictable several months in advance. 
This should make it possible to antici-
pate their effects, allowing decisions 
to be made to reduce any negative 
impacts or take advantage of positive 
outcomes. TE   

Figure 3 Flooding of  
the Brisbane River 
leaves many residents 
stranded in their homes, 
January 2011
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REVIEW

Key points
●●  El Niño and La Niña events are climatic events 
that have global impacts, though they are most 
easily observed in the regions that border the 
south Pacific Ocean.

●●  El Niño events are a reversal of the normal east–
west circulation in the south Pacific.

●●  La Niña events are an intensification of the normal 
conditions in the Pacific.

●●  Both can lead to widespread climatic and 
economic disruption.

●●  El Niño and La Niña events can last for a long 
period (up to two or three years).

●●  El Niño is generally associated with increased 
flooding in Peru and increased drought in 
Australia.

●●  In contrast, La Niña events are associated with 
increased flooding in Australia and increased 
drought in Peru.

●●  Other impacts are diverse and include changes in 
disease, bushfires and poor air quality.

●●  There is some evidence that El Niño events are 
becoming more common and La Niña events less 
common, but the La Niña event of 2010–11 was 
the most recent.

●●  It is possible to predict El Niño and La Niña 
events and so it may therefore be possible to 
anticipate and manage the impacts of such 
events. 

Pause for thought
●●  Are El Niño and La Niña events affected by 
climate change? 

●●  What are the impacts of El Niño and La Niña 
events?

●●  Which has the greater impact – El Niño or La 
Niña?

●●  To what extent is it possible to manage an El Niño 
or La Niña event?

Context
This article looks at the impacts of El Niño and  
La Niña events. These are two extremes of the 
climatic system – one is an intensification of normal 
conditions and the other is a reversal of normal 
conditions. What are the causes of such changes? 
Why are scientists unsure about the causes?  
Why are they relatively regular? What are the 
economic and social impacts of El Niño and  
La Niña events? 

RESPONSE

Assimilation
1 Describe the normal atmospheric conditions in the south Pacific Ocean.

2 Describe and comment on the atmospheric conditions in the south 
Pacific Ocean during an El Niño event.

3 Explain why the production of guano may be reduced during El Niño 
events.

4 Why is the Peruvian fishing industry so rich and why does it decline so 
much during an El Niño event?

5 In what ways might a La Niña event affect northern Australia?

6 Describe the impacts of the 2010–2011 La Niña event on Queensland.

Evaluation

1 ‘El Niño events bring irreversible damage.’ To what extent do you 
agree?

ANSwEr pLAN

●●  Definition of an El Niño event. Much depends on the severity.
●●  What is the damage caused by an event – social, economic,  

environmental?
●●  Minor events will cause less damage – and recovery is easier.  

El Niño events in recent years have tended to be relatively small.
●●  Economic impacts may be serious for a few years.
●●  In some areas, environmental impacts may last a long time – some 

suggest that the 10-year drought in Australia (2000–10) was  
related to El Niño.

●●  It is possible to predict El Niño events and therefore also possible to 
predict/manage the impacts.

●●  El Niño events bring advantages to some areas – more rainfall, greater 
productivity, etc.

2 Comment on the impacts of La Niña events.

3 ‘Climate problems are all man-made.’ How far do you agree with this 
statement?

Extension
1 http://www.elnino.noaa.gov/ is the portal for the National Oceanic and 

Atmospheric Administration’s website. It has a page for El Niño and a 
page for La Niña, with many excellent maps and graphics. The FAQs 
deal with the essential questions very well.

2 http://sealevel.jpl.nasa.gov/science/elninopdo/elnino/ provides 
historical data on El Niño/La Niña events but also includes much about 
current events. There are very useful three-dimensional cross-sections 
showing variations in the ocean’s surface that reflect the direction of 
surface water movement. 

3 Visit http://www.bbc.co.uk/learningzone/clips/el-ni-o-and-la-ni-a-
ocean-currents-and-winds/1504.html for an interactive video on El 
Niño and La Niña. It provides an introduction to the typical pattern of 
Pacific trade winds and the resulting climate. It concludes by stating 
that the causes of both La Niña and El Niño are not fully understood but 
there is evidence to suggest that they are occurring more frequently.
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he impact of the earthquake that hit the city of 
Christchurch on New Zealand’s South Island on 
22 February 2011 (Figure 1) makes it New Zealand’s 
second-worst natural disaster, responsible for 185 
deaths, serious injury to many more people and 
widespread damage to buildings and other infra-
structure. The remarkable extent of the damage 
was partly due to weaknesses caused by an earlier 
earthquake in the region (the Darfield earth-
quake) on 4 September 2010. A day after the 
2011 eathquake, New Zealand’s Prime Minister 
declared a state of national emergency in the 
Christchurch region. Continuing aftershocks 
further weakened infrastructure throughout the 
area. Liquefaction, as a result of the earthquake, 
was an immediate and serious consequence, with 
power cuts a major concern for residents.

A government report published in 2012 
concluded that the six-storey Canterbury TV 
building that collapsed and killed 115 people was 
poorly designed by an inexperienced engineer, 
inadequately constructed and should never have 
been issued a building permit. Prime Minister 
John Key stated that building failures caused 175 
of the 185 deaths from the earthquake. Building 

standards and the stringency of building inspec-
tions are therefore major issues for the recon-
struction process.

The 2010 earthquake was recorded at 7.1 on 
the Richter scale, but no lives were lost at this 
time because of the considerable distance of the 
epicentre from highly populated areas. In contrast, 
the epicentre of the 6.3 magnitude earthquake in 
2011 was only 3 miles to the south-southeast of 
Christchurch, which has a population of approxi-
mately 350,000. The focus of this earthquake 

The consequences  
of the Christchurch 
earthquake
Paul Guinness identifies the causes and wide-ranging 
consequences of the February 2011 earthquake that 
devastated New Zealand’s third largest city.

Figure 1 Plate boundary map of the Christchurch 
earthquake
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was also much nearer the surface, making graver 
consequences more likely. Another major factor 
was that the 2011 earthquake occurred in the 
middle of a weekday when the centre of Christ-
church was packed with workers and shoppers. 

New Zealand’s position on the ‘Pacific Ring 
of Fire’ makes it an earthquake-prone country. 
Table 1 shows the largest 25 earthquakes in the 
Christchurch region between September 2010 and 
December 2012. All of these earthquakes were 
at a magnitude of 5.2 or above. The continuing 
aftershocks have been a problem. These can cause 
further damage, delay the assessment of damaged 
buildings and slow down reconstruction.

Some of the consequences of major earthquakes 
are immediate, while others become more and 
more apparent over time. The considerable reper-
cussions of this major disaster can be grouped as 
economic, social, demographic and psychological.

The economic impact
The economic impact of the 2011 earthquake can 
be seen at three geographical scales:
•	The city of Christchurch
•	The wider Canterbury region
•	New Zealand as a whole

Buildings and roads in the Christchurch region 
were severely damaged or destroyed. The central 
business district of Christchurch suffered particu-
larly devastating damage. This was so extensive 
that the city centre had to be evacuated. Over 
70% of buildings in the central area have been 
or will be demolished (Figure 2). The Christ - 
church Central Recovery Plan has set out the 
way in which the central area of the city will be  
redeveloped. 

Other smaller urban areas were also seriously 
affected. The port of Lyttleton, near the epicentre 

of the earthquake, sustained particularly wide-
spread damage. A high proportion of the import 
and export trade of Christchurch passes through 
Lyttleton.

The area affected by the earthquake houses 
about 12% of New Zealand’s population. Around 
165,000 of the area’s 220,000 homes were 
affected in some way, with many homes 
made uninhabitable. It is likely that the 
overall cost of earthquake damage 
will be in the region of NZ$30 billion 
(Figure 3). This is equivalent to more 
than 10% of New Zealand’s GDP. 
While much of the housing and other 
infrastructure will have been covered 
by insurance, some will not have been! 
There has been a great deal of uncertainty 
about the state of the economy in the period 
since the earthquake.

A report by the Reserve Bank of New Zealand 
considered three distinct phases in economic 
activity following the earthquake:
•	Disruption – the maintenance of payment 

systems, including the supply of additional 
cash, was vital during this period (Figure 4). 
About NZ$150 million of extra cash was sent 
to Christchurch in the week following the earth-
quake. There was a big decline in electronic 
payments because of either damage to ATMs or 
the lack of access to them – many were in 
cordoned-off areas.

•	Stabilisation – the focus here was on the 
soundness of the financial system, including 
the financial health of key economic organisa-
tions. Some households and businesses came 
under significant financial stress as a result of 
the earthquake.

Mag Depth   Date Time

7.1 M 11 km 4.9.10 04:35

6.4 M 7 km 13.6.11 14:20

6.3 M 6 km 22.2.11 12:51

6.0 M 7 km 23.12.11 15:18

5.9 M 7 km 22.2.11 14:50

5.9 M 9 km 13.6.11 13:01

5.9 M 1 km 23.12.11 13:58

5.8 M 6 km 22.2.11 13:04

5.6 M 1 km 4.9.10 04:56

5.5 M 9 km 6.6.11 09:09

5.5 M 14 km 2.1.12 05:45

5.6 M 10 km 6.6.11 09:09

5.5 M 8 km 9.10.11 20:34

Figure 2 The process of demolition and reconstruction, 
December 2011

Figure 4 Temporary bank 
in a portacabin, December 
2011 

Mag  Depth   Date Time

5.4 M 9 km 21.6.11 22:34

5.4 M 5 km 4.9.10 16:55

5.4 M 6 km 619.10 23:40

5.3 M 15 km 7.9.10 03:24

5.3 M 10 km 23.12.11 14:06

5.3 M 9 km 16.4.11 17:49

5.3 M 9 km 4.9.10 11:12

5.3 M 8 km 7.1.12 01:21

5.3 M 12 km 22.7.11 05:39

5.2 M 12 km 10.5.11 03:04

5.2 M 11 km 30.4111 07:18

5.2 M 1 km 25.5.12 14:44

Source: Canterbury 
Earthquake Recovery 
Authority (CERA), 
December 2012

Community
assets 10%

Government
10%

Commercial
10%

Infrastructure
10%

Residential
60%

Table 1 Largest recent 
25 earthquakes in the 
Christchurch region

Figure 3 Sharing  
the NZ$30 billion 
recovery bill
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•	Reconstruction – here the focus moves from  
the short-term to medium-term and long-term 
objectives. Rebuilding activity is gathering pace. 
Nearly NZ$1 billion of residential and non- 
residential building consents were granted in  
the first six months of 2012 compared with 
about NZ$1.2 billion in all of 2011. The 
rebuilding programme has seen a considerable 
increase in the number of construction workers 
in the region.
The extensive damage had a huge effect on 

business activity. However, by mid-2012 total 
retail activity had recovered to pre-earthquake 
levels, though retail spending on accommodation 
and food services was still considerably below 
previous levels. The loss of hotels and other visitor 
accommodation has had a significant impact on 
the tourist industry. With so much damage to the 
CBD, employment in the retail, accommodation 
and food services industry has declined and is yet 
to recover. Female employment has been dispro-
portionately affected because of the high number 
of women working in this economic sector.

Social, demographic and  
psychological consequences
In the worst-affected areas, some communities 
have broken apart as people have been forced 
to move elsewhere. Four months after the earth-
quake it was estimated that about 50,000 Christ-
church residents had already moved permanently 
to other parts of New Zealand or to Australia. 
However, measuring migration is a difficult and 
complicated process and undoubtedly some 

people have returned or will return in the future.  
Figure 5 shows the sharp decline in permanent 
and long-term arrivals in Christchurch after the 
earthquake compared to the previous year, while 
Figure 6 illustrates the even more significant 
increase in permanent and long-term departures 
from the city. However, 2012 saw a net increase 
in migration from overseas due at least partly to 
employment opportunities in the recovery effort. 

In September 2012 the Education Minister 
announced that 13 schools would close and 18 
merge as a result of the earthquake. The govern-
ment intends to spend NZ$1 billion in the next 
10 years renewing the education system in the 
affected areas. The reorganisation is a result of 
a repair bill of NZ$750 million and the loss of 
4500 pupils due to outmigration.

The psychological impact of the earthquake 
is perhaps the most difficult aspect to assess. For 
some individuals, the 2011 event itself and the 
fear of another major earthquake have had a deep 
impact on their lives. For business people, located 
both within the area and outside, such a cata-
strophic event can significantly impact on decisions 
to invest in the region. Some potential tourists will 
undoubtedly think twice before visiting. There 
is also evidence to suggest that intake into the 
region’s universities has been adversely affected.

Recent information
The Canterbury Earthquake Recovery Authority 
(CERA) publishes an ‘Economic Recovery Dash-
board’ every month. The December 2012 edition 
included the following points, which were mainly 
positive:
•	Canterbury was the fastest growing region in 

the country and a major source of growth due 
to the reconstruction effort. 

•	Activity in the central area of Christchurch 
continues to pick up, and Victoria Square has 
reopened.

•	Insurance claims continue to be settled and re- 
insurance funds continue to flow in from overseas.

•	15% fewer exports and 1% fewer imports went 
through Christchurch airport in October 2012 
compared to the previous year. Exports through 
the port of Lyttleton increased by 1% and 
imports increased by 3%.
The lessons learned from the Christchurch earth-

quake are being analysed in other cities in New 
Zealand and also in other parts of the world, as 
earthquake-prone countries try to improve their 
disaster plans. TE
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Figure 5 Monthly permanent and long-term arrivals in Christchurch, September 
2009–August 2011

Figure 6 Monthly 
permanent and 
long-term departures 
from Christchurch, 
September 2009– 
August 2011
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REVIEW
Key points
●● Although the earthquake in February 2011 was of a 
lesser magnitude than the one in September 2010, 
the consequences were far greater.

●● The epicentre of the 2011 earthquake was much 
closer to a highly populated area and the focus of 
the earthquake was much nearer the surface. It 
also occurred in the middle of a weekday when the 
centre of Christchurch was packed with workers 
and shoppers.

●● The economic impact has been massive and 
ongoing, with total costs estimated at NZ$30  
billion.

●● Three phases of economic recovery can be recog-
nised: disruption, stabilisation and reconstruction. 
New management strategies are required for each 
of these stages.

●● The earthquake has had significant social,  
demographic and psychological consequences.  
The latter are particularly difficult to quantify!

Pause for thought
●● Why did the February 2011 earthquake have a 
much more devastating impact than the one in 
September 2010 when the latter was of a greater 
magnitude?

●● How do you think most New Zealanders reacted 
when a 2012 government report stated that poor 
building standards were the major cause of death?

●● Apart from improved building standards, what  
more could be done to mitigate the impact of  
earthquakes?

●● Suggest why there was much greater media 
coverage of the Christchurch earthquake in some 
countries than others.

Context
The devastation caused by the earthquake shocked 
New Zealand because the country thought that it  
was better prepared for such a high-magnitude  
event. Major issues that have emerged include:

●● the surprisingly poor standard of some building 
construction in an affluent, developed country;

●● the wide range of economic consequences for 
Christchurch, the wider Canterbury region and for 
the country as a whole;

●● the impact of the disaster on population movement 
and how this has changed over time;

●● the range of social consequences and the  
psychological impact.

RESPONSE

Assimilation

1 How would you describe the economic status of New Zealand?

2 Why is New Zealand so susceptible to earthquakes? Refer to a global 
map of plate tectonics to assist you with your answer.

3 With reference to Figure 1 (a map of plates and fault lines), describe 
the cause of the February 2011 Christchurch earthquake.

4 Comment on the sequence of earthquakes listed in Table 1.

5 Describe the breakdown of the NZ$30 billion recovery bill shown in 
Figure 3.

6 Analyse the migration data illustrated in Figures 5 and 6.

Evaluation

1 Explain the physical and human factors responsible for the high level 
of devastation caused by the February 2011 earthquake.

ANSwEr pLAN

●● The level of devastation caused by earthquakes is usually a  
combination of physical and human factors.

●● New Zealand sits on the ‘Pacific Ring of Fire’.

●● This was a reasonably high-magnitude (6.3) earthquake.

●● The epicentre was very close to Christchurch and the focus was 
relatively near the surface.

●● The earthquake occurred in the early afternoon of a working day, 
affecting many people in the central area of the city.

●● Building failures were the cause of the vast majority of fatalities.

●● This was a major surprise for a developed country where people 
expected building standards to be higher.

2 Assess the economic impact of the February 2011 earthquake.

3 Although the destruction of a large part of Christchurch’s CBD  
has had a huge negative impact on the city and the country as a 
whole, suggest the long-term opportunities this might provide for  
the city.

Extension

1 Visit the Canterbury Earthquake Recovery Authority (CERA) website 
(www.cera.govt.nz) to assess how the recovery and reconstruction 
effort has progressed since this article was written.

2 Research the ways in which structures such as the Canterbury  
Television building could be made more earthquake resistant.

3 Visit the Christchurch Central Development Unit website  
(www.ccdu.govt.nz) and produce a factfile of the Christchurch 
Central Development Plan.

4 Update Table 1 by finding out how many earthquakes of a magnitude 
greater than 5.2 have occurred in the Christchurch region since 
December 2012.
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  T hese are some of the opening sentences of 
Towards Reconstruction – Hope Beyond the 
Disaster, the report to the (Japanese) Prime 
Minister of the Reconstruction Design Council 
in response to the Great East Japan Earthquake 
of March 2011. Two years after the disaster, how 
well has the Japanese government responded to 
the dreadful events that took place on that day, 
that were watched by billions of people around 
the world? What have been the priorities for the 
recovery process and what factors have influenced 
them?

Prior to the earthquake, this area in north-
eastern Japan, known by the regional name 
‘Tohoku’, was one of an ageing population, with 
lower than average fertility and rural depopula-
tion. Between 2000 and 2010 the prefectures of 
Iwate, Miyagi and Fukushima had collectively 
fallen in population by 3.5% (see Figure 1), to 
a total of 5.7 million. The Japanese government 
had already forecast a further decline of 17% by 
2030. 

The three disasters
On 11 March, disaster struck at 2.46pm local time 
(5.46am GMT). A M9.0 earthquake took place  
in the northwest Pacific Ocean on a subduction 
zone between the Pacific and North American 
plates. It occurred 130 km east of the city of 
Sendai, 375 km northeast of Tokyo. This was 
the largest earthquake in the recorded history 
of Japan and the fourth largest earthquake in 
the world during the last 110 years. In the next 
15 to 45 minutes, a tsunami struck the eastern 
seaboard. Its height ranged from 5 to 20 metres, 
and in some places, where the configuration of the 
coastline encouraged it, the maximum ‘run-up’ 
(vertical shift) was almost 40 m. No-one will 
ever know the precise number of casualties, but 
to date there are around 16,000 known deaths 
and 3000 missing. Over 130,000 buildings were 
totally destroyed, with twice as many damaged, 
and it has been estimated that the amount of 
debris created totalled a staggering 26.7 million 
tonnes. Table 1 and Figure 2 show the impact of 
the tsunami on two communities on the coast.

However, this was not the end of the disaster 
on that day. On the coast, at the Fukushima 
Daiichi nuclear power plant, the water flooded 
the water-cooling systems and they consequently 

David Redfern examines 
the strategies adopted by 
the Japanese government 
after the calamitous Tohoku 
earthquake and tsunami, and 
discusses the factors that will 
influence their success.

Tohoku 2011
 Hope beyond the disaster? 
‘The destruction came all of a sudden.... The ground shook, the seas rose and 
people fled in confusion. Before the undulating onslaught of first the earth-
quake and then the tsunami, the very fabric of the nation and the landscape 
itself were torn asunder.’ 

5
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failed. Three nuclear units experienced meltdown, 
causing immediate evacuation of the area within 
20 km, and those people within 30 km were told 
to remain indoors. This created an unprecedented 
situation, one that the Japanese government – and 
the world – had little means to control. Finan-
cially, the direct cost of the disaster is expected to 
reach approximately 16.9 trillion yen, measured 
in terms of the loss of tangible assets of residents 
in the disaster-affected regions. No-one yet knows 
the real cost of the nuclear event, including the 
damage caused by harmful pollutants that were 
emitted. 

The government’s response
The immediate priority was search and rescue, 
and stabilisation and prevention of further 
nuclear disaster. After a few weeks, however, the 
mood changed to one of recovery. On 11 April 
2011, Prime Minister Naoto Kan commissioned 
the report referred to at the start of this article, 
which was published in late June. He established 
three principles for recovery:
•	to create a regional society that is highly 

resistant to natural disasters (safety);
•	to establish a social system that allows people 

to live in harmony with the environment 
(sustain ability);

•	to build a compassionate society that cares 
about people and, in particular, the vulnerable 
(compassion).
However, the government’s efforts to restore 

systems became mired in political infighting over 
the management of the Fukushima crisis. There 
was further controversy regarding the intentions 
of PM Kan, and over how to pay for recovery. 
It took 11 months to establish the Reconstruc-
tion Agency (whereas the equivalent body for the 
Kobe earthquake in 1995 took four months to 
establish, and even that was criticised as a slow 
response). Eventually, on 10 February 2012, the 
Reconstruction Agency was inaugurated. It set 
out policies to address the basic principles of the 
report. They were to:
•	focus on the local communities affected and on 

human linkages (kizuna – see Figure 3) within 
Japan;

•	accept that disasters occur, and base survival 
on ‘self-aid’;

•	develop conditions for mutual and public aid.
The report recognised that some disasters are 

so huge that it is impossible to defend against 
them. In terms of recovery, self-help is essential, 
but so too is mutual and public support. Recon-
struction plans must incorporate a future vision 
for the region that takes account of structural 
changes in society and the economy (principally 

Figure 1  Population 
change in Japan 
by prefecture and 
prefectural capital, 
1990–2010 (%)

Community
population 

(2005)
population 

(2010)
Number of dead 

(March 2011)
Number of missing 

(March 2011) Further points

Rikuzentakata city 
(Iwate prefecture)

24,709 23,302 1691 41 3368 buildings destroyed (3159 totally)

Ishinomaki city 
(Miyagi prefecture)

167,324 160,826 3280 539 At the Okawa Elementary School, 74 out of 
108 children died; 10 out of 14 teachers died

Table 1  A snapshot 
of the impact of 
the tsunami on two 
communities

km0 300

N

< –10.0
Prefectures

–9.9–0.0
0.0–9.9
10.0–19.9

Pref. capitals
–9.9–00
0.0–9.9
10.0–19.9
20.0–29.9
30.0 <

Source: Statistics Bureau of Japan (2011)

IWATEOKINAWA

MIYAGI

FUKUSHIMA

Nagoya
Osaka Shizuoka

Sapporo

Yokohama

Tokyo

Philippine Sea

North
Pacific
Ocean

Sea of Japan

Kyoto

Kobe

Figure 3  The Japanese 
word ‘kizuna’

Figure 2  A man walks through debris in the tsunami-
devastated city of Rikuzentakata
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an ageing population and depopulation). Some of 
the key strategies are identified in Table 2.

Factors affecting recovery
Recovery is not going to be easy and will take a 
long time. There are several obstacles to this 
process. Securing financial stability while at the 
same time finding the funds for reconstruction 
will be problematic. There needs to be the removal 
and disposal of irradiated debris to make way for 
rebuilding. Time will be needed to ensure adequate 
professional planning capacities at the municipal 
level. There are clear topographical and environ-
mental difficulties. Good land upon which to 
build is in short supply – the region has a rugged 
relief – and priority has to be given to the area 
around Fukushima that is in immediate need of 
resettlement. There are already extensive areas of 
temporary housing for tsunami refugees across 
the region. In an area of declining population 

there are difficulties in securing the labour to 
tackle the work. There are serious issues regarding 
energy supply, especially as there are calls by 
many to reform the energy system of the nation as 
a whole. On a wider scale, there is the issue of 
re-establishing public trust in agricultural and 
marine products from the region. 

Tohoku will remain a declining region. It 
accounts for less than 6.5% of the national 
economy. Ageing, low-fertility, outmigration and 
depopulation will probably now accelerate. The 
slow pace of reconstruction will discourage return 
and resettlement. The decommissioning works 
at Fukushima will take decades to complete. 
Japan’s energy system will undergo reform, with 
an increasing shift away from nuclear towards 
renewables (solar, wind, marine, geothermal).

The disasters have exposed difficult issues in 
twenty-first century Japanese society. Some suggest 
that it is a ‘society of gaps’ (kakusa shakai). 
For example, 65.2% of the dead were aged 60 
and over. There are deep-rooted, post-traumatic 
psychological and emotional impacts. Reloca-
tion of many from the tsunami-damaged and 
radiation-affected areas has created wide spread 
concerns of anxiety, depression and hypertension. 
The Fukushima disaster has eroded public trust in 
government and expert systems (see Figure 4) – in 
their design, siting, construction – and not only 
in the context of nuclear power. Many see wider 
problems, with flaws in management across the 
country, and this is undermining their belief and 
trust in fail-safe systems. 

Can Japan overcome these 
problems?
There is a desire for ‘normalisation’ at all levels of 
politics and society. A few strong challenges to the 
political system show some signs of emerging, for 
example by Governor Toru Hashimoto of Osaka, 
but these remain local – for now. However, 
building resilience to disaster might be viewed 
not as an ability to ‘bounce back’ but as an 
ability to ‘bounce forward’. ‘Bounce back’ implies 
reconstructing what was there before; ‘bounce 
forward’ implies taking a community into a new 
future. The aforementioned report highlighted the 
need for ‘linkage’ or kizuna between all people 
and sectors within Japan, and this gives grounds 
for optimism. Its prologue ends: ‘We believe that 
after the destruction, we can assuredly create a 
firm and unwavering path to reconstruction that 
is filled with “hope’’.’  

Key strategies

To relocate compact cities on to higher ground.

To have more rigorous land-use regulations for buildings on low-lying land.

To build huge-scale coastal levees to protect coastal plains where community 
relocation to higher ground is impossible.

To have municipality-led consultation with citizen groups.

To have a new government-led disaster response structure.

To restore community life and livelihoods.

To provide comprehensive community care facilities.

To ensure education and restore culture.

To move from emergency employment to employment restoration.

To ensure recovery of agriculture, forestry and fisheries.

To improve energy efficiency and promote renewable energy.

To increase provision and utilisation of ICT for local citizens. 

Figure 4  An anti-nuclear 
power plant protest in 
Tokyo, May 2012

Table 2 Key strategies 
from the report Towards 
Reconstruction: Hope 
Beyond the Disaster
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REVIEW

Key points
●● The events of 11 March 2011 were a combination 
of three disasters – two natural and one human – 
that created havoc on the landscape and for the 
people of Japan.

●● These disasters will have ongoing impacts for 
many years to come, and the recovery and 
rebuilding processes will take a long time.

●● Any government response has to take into 
account a wide range of physical and human 
considerations when planning for a successful 
recovery.

●● A large variety of factors influence the success of a 
recovery process and these need to be addressed 
in the area affected.

●● Responses should also appreciate that psycho-
logical factors, such as the undermining of public 
confidence in the government and experts, can 
greatly influence a nation’s resilience to disasters.

Pause for thought
●● What is the best way to prepare for an earth-
quake-tsunami that is highly likely to take place?

●● Should scientists be given the responsibility to 
make decisions regarding the welfare of others?

●● Who should take responsibility for managing 
responses to such events? Should this be national 
or local government?

●● What factors influence the resilience of a popula-
tion to such disasters?

●● Why is it that some natural disasters receive 
greater coverage by the media than others?

Context
This article examines issues concerning the 
long-term aftermath of, and responses to, the 
Tohoku earthquake and tsunami. Their impacts  
were compounded by a nuclear installation going 
into meltdown. Within this context there are a 
number of related issues:

●● the extent to which scientists should advise, and 
governments should decide, on the welfare of a 
society;

●● the extent to which other cultural factors play a 
part in the management of people;

●● the depth of impact of natural events on the fabric 
of society;

●● the degree to which a country can adjust its 
policies towards issues such as energy supply in 
order to make the population feel safe as well as 
to achieve sustainability.

RESPONSE

Assimilation
1 Explain why Tohoku was already a declining area before 11 March 2011 

and continues to be so. 

2 Describe the nature of the Tohoku tsunami, including both primary and 
secondary effects.

3 Why did it take so long for the Reconstruction Agency to be established?

4 Outline the physical and human obstacles to the recovery process.

5 Why are there many psychological issues for the inhabitants of Tohoku in 
the aftermath of the tsunami?

Evaluation

1 To what extent can preparedness and planning mitigate the effects of 
seismic hazards?

ANSwEr pLAN

●● Discussion of the concept of a seismic hazard.
●● The distinction between physical and human effects.
●● An understanding of human factors: population density, urbanisation 

rates, building design, seismic mitigation (e.g. monitoring systems), 
education, disaster planning.

●● An understanding of physical factors: magnitude of ground movement, 
depth of focus, liquefaction, tsunami.

●● Variations in the capacity to adapt to, or to manage, impacts (resilience).
●● Critical understanding of differing impacts on different groups within the 

same population, such as the vulnerability of informal settlements or 
urban vs rural.

●● Supported with detailed use of case study material/exemplars.

2 Study Figure 1. Describe the pattern of population change within Japan 
between 1990 and 2010.

3 Copy out the 12 key strategies from the report Towards Reconstruction: 
Hope Beyond the Disaster, listed in Table 2. In order to reflect the Prime 
Minister’s three principles for recovery, label each of them with one or 
more of the words: safety, sustainability, compassion.

4 Evaluate the role of technology in reducing the impact of an earthquake 
hazard.

5 ‘Natural disasters are often not natural disasters but in fact human 
disasters.’ Discuss this statement in relation to the Tohoku earthquake 
and tsunami.

Extension
1 Visit one or both of the following websites:  

http://www.theatlantic.com/infocus/2012/02/japan-earthquake- 
before-and-after/100251/ 
http://blogs.sacbee.com/photos/2011/09/japan-marks-6-months-
since-ear.html

You will find a range of images from the Tohoku earthquake and tsunami 
of 2011, before and after the event. Choose any three of the images and 
comment on the responses that are evident. 

2 Investigate the views and success of Governor Toru Hashimoto of Osaka. 
What do you think are the reasons for his increasingly public persona?

TOPIC EYE|   Licensed to: 21Natural Hazards  2014 |2015

            The King's School

http://www.theatlantic.com/infocus/2012/02/japan-earthquake- before-and-after/100251/
http://www.theatlantic.com/infocus/2012/02/japan-earthquake- before-and-after/100251/
http://blogs.sacbee.com/photos/2011/09/japan-marks-6-months-since-ear.html
http://blogs.sacbee.com/photos/2011/09/japan-marks-6-months-since-ear.html


 TOpIC EYE   A-Level Geography
2014 | 2015 titles

crossAcademe

2014 |  2015 edition

TOPIC EYE   A-Level Geography

Changing Cities

crossAcademe

2014 |  2015 edition

TOPIC EYE   A-Level Geography

Natural Hazards

crossAcademe

2014 |  2015 edition

TOPIC EYE   A-Level Geography

Development & 
Globalisation

crossAcademe

Population & 
Health
2014 |  2015 edition

TOPIC EYE   A-Level Geography

Population & 
Health

All titles in the 2014/2015 series are out now –  
see contents page for how to order or visit  
our website at www.crossacademe.co.uk

Changing Cities
•	 From London to Rio – the Olympic 

legacy

•	 What future for the traditional high 
street? 

•	 Johannesburg – a city of acute  
disparity 

•	 Phoenix – urban growth in the  
American Southwest

•	 Smart cities – new forms of urban 
development

Development & 
Globalisation
•	 Keeping up with the ‘jans’ and ‘stans’ 

•	 Delivering the MDGs to sub-Saharan 
Africa 

•	 The rise of Indian TNCs

•	 The Arab Spring – a generation in 
waiting?

•	 The Southern Silk Road 

Natural Hazards
•	 Climate change and natural  

hazards

•	 ‘Frankenstorm’ – the devastation  
of Hurricane Sandy 

•	 The impacts of El Niño and La Niña

•	 The consequences of the 
Christchurch earthquake

•	 Tohoku 2011 – hope beyond the 
disaster?

 population & Health
•	 Dengue fever – the next global  

threat? 

•	 NCDs in the developing world

•	 Exploring the 2011 Census 

•	 Healthcare provision in the UK  
and USA

•	 The demographic dividend –  
a window of opportunity?

Contributors

David Redfern 
(Editor)  
 
Paul Guinness 
 
David Holmes  
 
Garrett Nagle 

http://www.crossacademe.co.uk
http://www.crossacademe.co.uk

