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The distinctive features of the Lake District landscape reflect a story of environmental 
and climate change stretching back millennia. Geologist Ian Francis, co-author of 

The Lake District: Landscape and Geology, explores how the area’s physical features 
make it more vulnerable to today’s changing climate
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C
umbria’s diverse geology records a saga of 
changing environments and climates over 
at least 480 million years. During this 
period, oceans came and went, volcanic 
eruptions produced thick layers of lava and 
ash, and mountain chains were built, then 

eroded away to nothing. 
The 448-million-year-old Coniston limestone in South 

Lakeland contains remains of creatures that thrived in 
warm, shallow seas; the coal measures of West Cumbria 
were deposited in tropical swamps; whilst the red 
sandstone in the cliffs between Whitehaven and St Bees 
was laid down in a desert. 

The landscape records more recent climate change too, in 
the form of deep lake-filled valleys  and high coombes, carved 
by glaciers that only left the fells around 11,000 years ago.

These climatic shifts had various causes. Some were 
due to astronomical forces that altered how much of the 
sun’s heat reached Earth. Others resulted from ancient 
mountain ranges rising and falling, which influenced 
weather patterns in the geological past (just as the 
Himalayas affect the climate of Asia today). 

Still others were caused by the gradual drift of continents 

Written in rocks  
and landscape through Earth’s latitudinal climate zones. Many of these 

changes – like those caused by continental drift, for example 
– were gradual, taking place over millions of years. A few, like 
the switch from the Ice Age to today’s temperate climate, 
took just a few decades, an instant in geological time.

Past climate changes are not only recorded in the rocks. 
Since the end of the Ice Age, the human response to climate 
has also left its mark on the landscape. The ruins of Bronze 
Age settlements on high moorlands in places like Askham in 
east Cumbria, or Copeland Forest in the south west, suggest 
that the climate around 4,000 years ago was benign enough 
to allow subsistence agriculture at higher elevations than 
would be feasible today. 

Another period of improving climate, known as the 
Medieval Warm Period, encouraged the spread of Norse 
settlers into the fells, with continuing population increase and 
forest clearance lasting until the early 14th Century. Even 
more recently, northern Europe cooled again, ushering in a 
series of particularly severe winters in the 17th and 18th 
Centuries, a period sometimes known as the ‘Little Ice Age’.

Now, our climate is warming rapidly again, this time as a 
result of 20th and 21st Century industrialisation which has 
caused a build-up of carbon dioxide in the atmosphere to a 
level higher than at any time in the last four million years. 

How far, and how fast, this warming progresses will partly 
depend on the implementation of decisions reached at 
Glasgow and at future COP meetings, but it seems inevitable 
that the UK as a whole will face hotter, drier summers and 
warmer, wetter winters. 

In Cumbria, the danger uppermost in people’s minds (and 
discussed most frequently in the media) is excessive rainfall. 
Even if annual rainfall totals don’t increase significantly in 
future, Cumbria’s topography and exposure to moist 
south-westerly winds mean that we have a growing risk of 
exceptional rainfall events. 

The ‘once in a lifetime’ floods that affected Carlisle in 2005 
were eclipsed only four years later by the devastating floods 
of November 2009, then again six years later when Storm 
Desmond hit. Only last year, Honister set the all-time UK 
24-hour rainfall record for June – 213mm – and in October 
managed 298mm in 24 hours, a mere 43mm lower than the 
previous record, which was set during Storm Desmond.

But attributing a particular flood to climate change is 
difficult, if not impossible. Even a closely spaced series of 
extreme events doesn’t necessarily signify a long-term 
trend. Is there a way we can compare the intensity of 
recent floods with those of the past? 

Data from river gauges show that the flow rates in the 



CUMBRIA LIFE / MARCH 2022 / 6766 / MARCH 2022 / CUMBRIA LIFE

Landscape and geology Profile

2009 and 2015 events were indeed unprecedented over a 
50-year timespan, but what about the longer term? Some 
argue that the floods of recent decades are just a meteorologi-
cal ‘blip’ and point out that accounts of severe flooding stretch 
back to Medieval times. They claim that, in historic terms, 
there is nothing very unusual about our recent floods after all. 

However, recent work analysing layers of sediment 
which have been carried by rivers into Bassenthwaite 
Lake, and which preserve a record stretching back many 
centuries, shows that the 2009 and 2015 floods were the 
most significant for around 600 years. This doesn’t prove 
beyond doubt that there is a direct correlation between 
global warming and recent flooding, but it certainly fits in 
with the scientists’ predictions.

What are the implications of all this for our landscape? 
Exceptional rainfall events don’t just damage the built 
infrastructure and disrupt our lives. The distinctive features of 
the Lake District landscape – its steep-sided narrow valleys, 
rocky fellsides, abundant becks, and expanses of peaty 
moorland – are the very attributes that make it especially 
vulnerable to climate change. Added to which, centuries of 
deforestation, along with trampling and grazing by sheep, 
have impoverished the delicate upland soil (which has taken 
thousands of years to form), making it more susceptible to 
erosion by running water and fell walkers’ feet. 

Heavy rain causes new gullies to be eroded on steep 
fellsides, triggering landslides when the ground becomes 
saturated; given the scarcity of trees in the fells, there is little 
to hold the topsoil in place. 

The floods of January 2005, for example, caused over 60 
landslides in the northern fells, resulting in the loss of 
precious soil, and pouring thousands of tonnes of sediment 
into river catchments. 

The erosive power of running water, combined with 
huge volumes of newly dislodged sediment, cause becks 
and rivers to abandon their beds, scour out new channels, 
and deposit thick layers of gravel over valuable valley-
bottom pasture. 

The flip side of the climate change coin – hotter 
summers and more frequent droughts – will bring its own 
problems. Wildfire and drought can kill off fellside 
vegetation, exposing unprotected topsoil and peat to 
erosion by wind, or trampling by sheep and walkers. 
These exposed surfaces in turn become more vulnerable 
to water erosion during winter rainstorms. 

The desiccation and erosion of spongy upland peat 
bogs make them less able to absorb water when it does 
rain, which in turn makes downstream flooding more 
likely. These feedback loops generate a destructive 
momentum which can be very hard to reverse.

Peat bogs are important for another reason too. 
Because they grow through the build-up of undecom-
posed plant material, they store the carbon that those 
plants extracted from the atmosphere when they were 
alive. 

Peatlands are the UK’s largest natural carbon store 
(equivalent to eight years of the country’s CO2 
emissions). Cumbria has over 40,000 hectares of peat; in 
the National Park about 30 million tonnes of carbon 
(equivalent to around 84 million tonnes of CO2 in the 
atmosphere) are stored in peatlands. Unfortunately, the 
damage being inflicted today on the Lake District’s 
peatlands means that they are now a net source of carbon 
dioxide released into the environment (an estimated 
32,000 tonnes a year). 
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Organisations like the National Trust, Friends of the 
Lake District, Fix the Fells and Cumbria Wildlife Trust 
have become experts at mitigating the damage caused by 
climate change, using nature-based, rather than 
engineered, solutions. 

Watercourses like Godrill Beck near Ullswater, which 
have been canalised for a century or more, are being 
allowed to wander over their natural floodplains; trees are 
being planted on fellsides to help stabilise soils and slow 
down water run-off, as well as replacing those killed off by 
the spread of new diseases; a number of peatland 
restoration projects are now underway, and rewilding 
schemes, such as the one at Ennerdale, are helping to 
restore biodiversity and make the landscape more resilient 
to extreme weather events. 

Protecting and restoring the Lake District’s delicate 
upland soils and wetlands isn’t only important for the 
region’s ecology, the quality of its landscape, and its allure 
as a tourist destination. Healthy soil is also essential for 
farming, and therefore for the long-term economic survival 
of the region’s rich agricultural traditions. 

If we want to 
preserve what 
is best about 
Lakeland in 
the face of 

climate 
change, then 
all custodians 

of the 
landscape 
should be 
pursuing 
radical, 

nature-based, 
solutions

The River Greta in Keswick, on a normal winter’s day (right), showing the barrier installed after the 2009 floods, and (left) during 
Storm Desmond, December 2015 

Cirques on the east flank of Helvellyn, a mountain landscape carved by glaciers

Ennerdale: the River Liza is being 
allowed to flow naturally, unhindered by 
dredging. New gravel bars are forming, 
and tree trunks washed into the channel 
act as sediment traps, making the valley 
more resistant to extreme rainfall events

The media often like to portray farmers and conserva-
tionists as having opposing aims. Some farmers fear that 
rewilding will force heafed sheep flocks from the uplands, 
for example, whilst ecologists worry about the effects of 
overgrazing and the loss of rare habitats. But in reality an 
ecologically diverse and healthy landscape is a win-win 
for everyone. 

If we want to preserve what is best about Lakeland in 
the face of climate change, then all custodians of the 
landscape should be pursuing radical, nature-based, 
solutions. If we want to keep things as they are, we need 
to change them.

Some of these issues, and more details of Cumbria’s 
geology, are explored in The Lake District: Landscape and 
Geology by Ian Francis, Stuart Holmes and Bruce Yardley 
(Crowood Press, £18.99). Ian Francis grew up in Thackthwaite, near Lorton, and 

went to school in Cockermouth. Having gained his 
degree and PhD in geology at Oxford University, he 
worked for several years in Australia, before returning to 
the UK to lead earth science book publishing at 
Blackwell (later Wiley-Blackwell). He lives in Maryport.

Ian Francis

The authors will be talking at the Words by the Water 
Festival, in Keswick, on March 19. 
crowood.com/products/lake-district-by-ian-francis-stuart-
holmes-bruce-yardley
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