
The Greenland Ice Sheet is one of the world’s two 
remaining ice sheets. It currently covers an area of 1.7 
million km2. As it contains more than 2.5 million km3 
of stored ice, it has a huge potential impact on other 
earth systems including the atmosphere and oceans. 
In the centre of the ice sheet the ice is over 3 km 
thick, so its weight isostatically depresses the earth’s 
crust by about 1 km in depth.

In response to recent climate warming (very marked 
in the Arctic area) a number of changes are occurring 
to the mass balance of the ice store (figures indicate 
change per year in water km3):

Accumulation from snowfall in the central area: 
+520 km
Ablation by melting and edges: –290
Ablation by calving icebergs: –200
Ablation by sublimation: –60
Total ablation: –550
Mass balance: –30

Cumulative study of research findings suggests that 
overall the Greenland Ice Sheet has a negative mass 
balance with an accelerating rate of increase. There 
is huge uncertainty as to how the mass balance of 
the huge ice store could change in the future largely 
because of feedback loops. Positive feedback loops 
amplify the speed of any processes whereas negative 
feedback loops diminish their impact (see page 91).

An example of positive feedback could occur if as a 
result of anthropogenic processes the Greenland Ice 
Sheet melted catastrophically, for example, snow melt 
on the edge of the ice sheet would lead to widespread 
occurrence of bare ground. This reduces the albedo of 
the surface (of snow cover) so accelerating warming 
of the land. Moreover, increased melting could lead to 
the release of huge quantities of methane, a naturally 
occurring greenhouse gas stored in tundra zones, 
accelerating ablation. If the Greenland Ice Sheet was 
to melt completely the height of the land would be so 
low that surface temperatures could be much warmer 
although isostatic recovery would counteract this and the 
amount of sea level rise. So the negative mass balance 
accelerating would have a huge impact on sea levels 
with a possible rise of 6 m globally. However, the rapid 
melting of the ice sheet would upset the thermohaline 
circulation cutting off warm water currents from the 
Gulf Stream from reaching countries such as the UK. 
This negative feedback occurs as the absence of warm 
currents diminishes the impacts of climate warming.

The Greenland Ice 
Sheet



Polar tourism is one frequently cited example of a 
threat to glacial environments. Romanticised, over the 
centuries, travel to the polar areas – for so long the 
stuff of Amundsen and Shackleton ‘daring dos’ – now 
increasingly represents an expensive leisure activity 
suitable for all, the only real barrier being cost. In the 
late Victorian era cruise travel to the Arctic, for example 
North Cape and Svalbard, became the province of 
many wealthy adventure-seeking travellers. Today it 
is the Antarctic which, as the last great wilderness, 
represents the journey of a lifetime for around 40,000 
tourists a year.

There has been an explosion of polar tourism. 
Annual figures for the increasingly accessible Arctic, 
where tourism has long since been relied upon by 
local communities, have doubled since the early 
1990s, from 1 million tourists to over 2 million 
in 2014. Factors such as climate warming have 
lengthened the summer season, especially for ships 
with ice-strengthened hulls, and winter activities 
such as snowmobiling and husky sledging, as well 
as viewing the Northern Lights, have also been 
developed. Most visitors arrive by ship, sailing up 
the Norwegian coast to the North Cape where the 
recently built centre receives over 1 million visitors 
per year. Over 50 cruise ships visited Svalbard in 
2015. The limits are currently only controlled by the 
limited number of feeder flights. The main issue is 
the huge increase in the number of landing sites 
(now nearly 200), which could spread the damage to 
uninhabited pristine areas.

Since 1990, Iceland, Greenland and northeastern 
Canada have also enjoyed very strong growth rates, 
especially from cruise ship tourism; with Greenland 
up 400 per cent since 2004. Alaska too receives over 
a million passengers. For middle-class Americans, 

‘doing Alaska’ by car or cruise ship is a rite of passage. 
For this reason numbers have had to be controlled 
at pressure points such as Denali National Park and 
Glacier Bay National Park.

In contrast, because of its greater remoteness and 
therefore higher costs (in 2015 a standard trip cost 
around £12,000 to £14,000 for 20 days) tourism 
was comparatively low key in Antarctica and has only 
increased dramatically since 1990. The protocols 

Figure 7.10 Antarctic expedition
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Figure 7.9 Tourism in North Cape



and environmental protection measures adopted in 1996, 
and subsequently added to the Antarctic treaty, combined 
with voluntary policing by the International Association of 
Antarctica Tour Operators (IAATO), have meant that there 
is a framework in place to manage Antarctic tourism. 
While numbers are only currently at 40,000 per year, 
the season is very concentrated and there are concerns 
about a number of potential issues:

the development of land-based tourism, for example 
in the Patriot Hills area
the spread of tourism to areas beyond the Antarctic 
peninsula, where most cruise and expedition ships 
are currently concentrated
the development of ‘fly-sail’, where helicopters bring 
tourists to ships; these tourists often come from 
Southeast Asia, a rapidly growing market
the increasingly large ships (up to 800 passengers) 
being used
the fact that IAATO is only a voluntary organisation 
and one or two companies, usually Russian, are not 
members.

Table 7.3 summarises the potential impact of tourism 
on Antarctica’s environment

While tourism is seen as a legitimate polar activity, it 
does need much more regulation. There is a need for:

limits in tourist numbers
mandatory safety codes for tourist vessels in 
Antarctic waters
ratification of laws to prevent ships of more than 
500 passengers from landing

limiting the numbers of passengers going ashore to 
a particular site to a maximum of 80 to 100 at any 
one time, with one registered guide for every twenty 
people.

There was heightened urgency with the MS Explorer 
sinking in the Bransfield Straits in 2007 near the South 
Shetland Islands and the grounding of two further ships 
in 2008, which led to localised pollution from engine 
oil. This was followed by tourists becoming stranded in 
the ice shelf in an Australian research/expedition ship 
in 2014. However, compared to many other threats, if 
tourists are educated in responsible tourism, the impact 
may not be as great as suspected. Surveys from the 
heavily visited Port Lockroy, a former research base, 
suggest that tourists have had minimal impact on the 
Gentoo penguin colonies.

Figure 7.11 Port Lockroy, Antarctica

Table 7.3 Potential impact of tourism on Antarctica’s environment

Potential impacts Part of the 
environment at risk

Ways to minimise impact

Disturbance of 
wildlife

Breeding birds, hauled 
out seals

Impose minimum approach distances to wildlife

Educate visitors on behaving responsibly

Litter, waste, fuel 
spills

Damages land-based 
ecosystems

Marine wildlife, 
particularly seals 
and birds, becoming 
entangled in rubbish or 
coated in fuel

Ensure ship operation conforms to international maritime standards

Ensure ships are ice-strengthened and have modern ice-navigation equipment

Limit size of tourist vessels entering Antarctic waters

Ensure ship has an oil spill response plan in case of an accident

Oil spill equipment available and crew trained in clean-up techniques

Environmental 
degradation (e.g. 
trampling)

Fragile moss mats Limit numbers going ashore

Avoid sensitive areas

Brief tourists before arrival

Removing historic 
artefacts, fossils, 
bones

Historic sites, fossils Tell tourists not to collect souvenirs

Brief tourists before arrival

Disruption of 
important scientific 
research

Research stations, field 
study sites

Allow only a few tourist visits per season

Brief tourists before arrival

Guide tourists around station



Runoff from ‘glacierised’ basins is an important 
element of water budgets in the High Andes, assuring 
sufficient supplies of drinking water, HEP, ecosystem 
viability and integrity, as well as year-round flows for an 
increasingly intensive irrigation-based agriculture. Any 
changes induced by Andean glacier retreat will therefore 
have both economic and social consequences and will 
require adaptation measures.

Andean ‘tropical glaciers’ have declined by around 
sixteen per cent overall since 1970, but many smaller 
glaciers have disappeared completely, for example 
Cotacachi in Ecuador or, almost disappeared (82 per 
cent gone) Chacaltaya in Bolivia. While the rapid 
melting initially led to an unsustainable net increase 
in hydrological run off, now there is the issue of loss 
of biodiversity and declines in agriculture and tourism, 
with many almost water-less streams.

As glaciers cease to act as runoff regulators, seasonal 
water and HEP power supplies will be affected. 
Bolivian urban centres such as La Paz, El Alto (total 

population 2.5 million) rely on glacier meltwater for about 
40 per cent of their drinking water supply. In Quito in 
Ecuador, the situation could be even worse, with glacial 
meltwater currently contributing 50 per cent of the water 
supply for its 2 million people. Changing hydrological 
conditions will affect water costs and the ability of the 
two urban areas to maintain vibrant economies.

Various scenarios have been modelled for the 
discharges of the Andean streams with and without 
melting, and there is no doubt that additional streams 
will need diverting for both urban areas from a wider 
area, and soon. Glacier retreat will also affect HEP 
generation (50 per cent of total energy in Ecuador and 
80 per cent in Peru comes from HEP).

There are economic consequences of this reduction – 
including the extra costs of electricity as well as the 
possible need for rationing supply. There are cultural, 
almost spiritual, costs also for the Quechuan and 
Aymaran Indian people, who have long-revered the 
highest snow-covered Andean peaks as religious icons.

Rapid glacier retreat will disrupt the water cycle in a 
whole series of individual glacier-dependent basins, 
thus having a local impact on agricultural communities, 
but at the same time there will be national impacts 
as countries have to change their energy mix for 
generating electricity. For example, Peru may have to 
invest in additional thermal-based power stations or 
gradually develop alternative energy sources, as well 
as building additional reservoirs for drinking water, 
all at higher costs to its economy even though its 
own population has contributed little to the causes of 
climate change.

(Source: Summary of World Bank Report, source EOS 
Vol 818 No 25 June 2007)

The High Andes

Figure 7.13 The diminished size of Andean glaciers in Bolivia



Yosemite National Park covers an area of 302,687 km2  
on the western slopes of the Sierra Nevada in 
California. As it encompasses a height range from 
648 m to nearly 4,000 m, it has very high levels of 
biodiversity with giant sequoia stands as well as alpine 
meadows and the wetlands of the Merced valley. The 
scenery can best be described as ‘awesome’ with 
sheer sided granite domes over which spectacular 
waterfalls form combined with ‘textbook’ glaciated 
features such as troughs and hanging valleys. Yosemite 
finally became a National Park in 1916 after many 
years of partial Federal Administration, originally to 
protect its environment from exploitation from activities 
such as logging. World Heritage status for both natural 
and cultural categories was awarded in 1984.

Yosemite is the archetypal location to study the issues 
of conservation and protection versus the impacts of 
tourism and recreational use. The main problem is 
that of managing the 5 million visitors (2016), 90 per 
cent of whom are concentrated in just 6 per cent of 
the park’s area in the main Yosemite valley. The classic 
visitor profile is that of day trippers who arrive by car 
and explore the main valley where the facilities are 
concentrated, as well as viewing from honeypot sites. 
There is accommodation for 16,000 overnighters. Only 
a small minority of visitors are long stay, active hikers 
who go up country to Wilderness areas which are all 
permit controlled to avoid over capacity and subsequent 
ecological damage.

Visitor numbers have doubled since the 1980s and a 
number of management problems have occurred. These 
include:

The degradation of the natural vegetation with 
habitat fragmentation especially in the main 
Yosemite valley.
The invasion by alien plant species.
The frequent occurrence of wildfires, some started 
by people.
Traffic congestion from visitors resulting in 
atmospheric pollution, for example, along Glacier 
Point Road.

A major brown bear problem – they raid the garbage 
bins on the campsites
Overcrowding by cars and ‘selfie taking’ tourists at 
the most beautiful views overlooking the waterfalls, 
with eroded trails.

As these problems have escalated, this has resulted 
in many attempts over the last 40 years to develop 
management plans. This has proved very difficult as 
there are many conflicts of interest, with a spectrum 
of opinions from Environmental groups such as the 
Sierra Club who favour protectionist strategies through 
to commercial enterprises at Curry Village who favour 
unfettered tourism access.

The general management principles to guide the 
planning and management of the Park in the future are: 

A Retain the unique, priceless beauty of the whole park.
B Allow natural processes to prevail for the maintenance 

of healthy valley ecosystems and also to protect 
native Indian settlements.

C Promote visitor understanding and enjoyment by 
developing education programmes via high quality 
visitor services and facilities.

D Reduce traffic congestion and overcrowding by 
developing car parks outside the park with visitors 
transported by fleets of electric shuttle buses to park 
vistas, so cutting the number of private cars. Quotas 
and limits on day visitor numbers especially in peak 
periods would also support this.

Whilst there is general agreement on these underlying 
principles, some of the proposed strategies such as 
cutting the number of overnight beds and car parking 
facilities and putting the main visitor centre not only 
outside the main valley, but even outside the park, have 
proved extremely controversial. Many of the problems 
which result from over use for recreation and tourism can 
be resolved to an extent, but the underlying one of ‘visitor 
management’ is opposed by many groups as it could 
entail plans to control access for recreation and tourism 
to some sites at certain times. Visitors can be resistant 
to plans to disperse them away from the iconic vistas and 
they soon make their feelings known on social media.

Yosemite National Park – loved to death?



Folding can produce some interesting coastal features.

Figure 8.11 shows Cullernose Point on the 
Northumberland Heritage Coast. In the background 
is the point itself, which is a headland made of highly 
resistant dolerite (an igneous rock similar to basalt).

 The cliff on the left in the foreground is made 
of sedimentary limestone; micro-features like 
horizontal bedding planes, vertical joints and small 
caves can be seen within the layers of limestone.

 To the right on the foreshore, and beneath the 
limestone cliff, are a series of folds.

 There is a prominent anticline on the left, plus 
an anticline and syncline on the right with waves 
breaking over it.

 Erosion has removed relatively soft rock strata, 
exposing a hard layer of grey limestone and 
numerous folds.

Figure 8.11 Cullernose point on the Northumberland  
Heritage Coast

Northumberland 
Heritage Coast 



Coastlines operate as a physical system. Attempts 
to manage erosion on one small area of a coast 
are unlikely to be successful unless the location is 
understood in a wider context. This context is the 
sediment cell (Figure 9.10). Long stretches of coastline 
operate as sediment cells. There are eleven of these 
around the English and Welsh coast. The Holderness 
Coast is an example. In each cell are:

Sources – where sediment is eroded from cliffs 
(Flamborough Head’s chalk, Hornsea’s boulder clay) 
or sand dunes; sources can be offshore bars. River 
systems (River Humber) are also an important sources.
Transfer zones – places where sediment is moving 
along the coast by longshore drift and offshore 
currents; beaches, parts of dunes and salt marshes 
(Humber Estuary) perform this function.
Sinks – locations where the dominant process is 
deposition; depositional landforms are created 
including spits (Spurn Head) and offshore bars.
Some coastal features may operate as both sinks 
and sources, depending on whether the dominant 
process is erosion or deposition at a given time.

Sediment cells operate as a system with inputs, 
transfers and outputs of sediment. Under natural 
conditions the systems operate in a state of dynamic 

equilibrium with sediment inputs balancing outputs to 
sinks. For short periods of time – for instance during a 
major storm that erodes a spit like Spurn Head – the 
system’s equilibrium might be disrupted but will tend to 
return to balance over time. 

Holderness Coast sediment cell 
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Figure 9.10 The Holderness Coast's sediment cell 

Negative feedback mechanisms help maintain 
the balance by pushing the system back towards 
equilibrium:

During a major erosion event a large amount of cliff 
collapse may occur, but the chalk or boulder clay 
at the base of the cliff will slow down erosion by 
protecting the cliff base from wave attack.
Major erosion of Spurn Head spit could lead to 
increased deposition offshore, creating an offshore 
bar that reduces wave energy, allowing the spit time to 
recover.

Human intervention, in the form of coastal 
management, plus threats such as a sea-level rise 
as a result of global warming, represent risks to the 
long-term dynamic equilibrium of sediment cells like 
Holderness. These are examples of positive feedback 
which lead to disequilibrium in the coastal system:

Increased storminess erode beach material faster, 
so recent debris never protects the cliff base 
temporarily and overall erosions is faster. 
Rising sea levels could increase the erosion of spits 
like Spurn Head, removing sediment faster than it 
can be replaced.



Cultural attitudes towards disability are changing on a 
global scale, with 1983–92 being declared the ‘Decade 
of Disabled Persons’ by the UN. The UN Convention 
on the Rights of Persons with Disabilities seeks to 
bring cultural change on a global scale in line with the 
Universal Declaration of Human Rights (UDHR). The UN 
has reaffirmed:

‘the universality, indivisibility, interdependence and 
interrelatedness of all human rights and fundamental 
freedoms and the need for persons with disabilities to be 
guaranteed their full enjoyment without discrimination.’

It was not always the case that disabled people enjoyed 
equal rights. In the USA, sterilisation programmes that 
sometimes targeted disabled people lasted until well 
into the twentieth century.

Since then, a seismic shift in cultural attitudes has taken 
places in the USA and elsewhere. Global media has helped 
turn the Paralympic Games into one of the world’s biggest 
sporting events by celebrating the physical achievements 
of elite athletes with disabilities (Figure 13.15).

Sporting events specifically for those with disabilities 
first began in 1948 with Second World War veterans 
participating. The first official Paralympic Games were 
held in 1960 in Rome with participants from just 
23 countries. Today, the event has grown significantly 
and athletes from 159 nations took part in the 
fifteenth Summer Paralympic Games in Rio, 2016 (with 
107 medals, China was the winner).

Attitudes towards disability are changing in more and 
more places.

Figure 13.15 The Paralympic Games

Athletes at the Rio 2016 Summer Paralympic Games



Trans-boundary water conflicts in south-east Asia can, 
in part, be linked with globalisation. In recent years, 
tension and conflict has grown between user groups 
both within and between countries.

Globalisation has brought foreign investment to 
India while also has helping Indian-based TNCs such 
as Tata to thrive. These industries put pressure on 
water supplies. In the drought-prone Indian state 
of Kerala, an aquifer lies close to the village of 
Plachimada. In 2000, Coca-Cola’s subsidiary firm 
Hindustan Coca-Cola Beverages established a 
bottling plant neraby. Six wells were dug, tapping 
into the precious groundwater store. Very soon 
afterwards, water shortages began to be reported. 
India’s integration into global systems helps explain 
the income rise for hundreds of millions of Indians 
who now enjoy the use of flushing lavatories and 

showers. Improving the situation for the remaining 
250 million Indians who still lack access to clean 
water will increase pressure on scarce water 
supplies in many places.

As a result of such changes, India’s total demand for 
water is expected to soon exceed all current sources 
of supply; the country is set to become water scarce by 
the year 2025 (measured as per capita water availability 
of less than 1,000 cubic metres annually). India’s own 
heightened water demands could, in turn, lead to trans-
boundary tension and conflict over the use of large 
rivers shared with other countries, notably China. The 
transboundary Brahmaputra River originates in Tibet 
and flows through China before reaching India. There 
are real Indian concerns that China – whose own water 
needs have sky-rocketed recently – might build dams 
capable of diverting the Brahmaputra away from India.

Environmental tensions over water  
in south-east Asia
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