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DOSSIER 

Land subsidence  
in peat areas

Land subsidence in peat areas in the Netherlands damages 
housing and infrastructure. In other countries where peat 

areas are located on the coast, these areas are increasingly 
being submerged due to land subsidence, with all the 

inevitable harmful consequences. Despite the high costs 
of land subsidence in peat areas worldwide, this is still an 
under-appreciated problem. A lack of familiarity with the 
phenomenon is getting in the way of adequate counter-

measures. Raising awareness of the true cause of the damage 
is the first step on the way to an answer. In technical terms, 

there is no ‘one-size-fits-all’ solution. On all occasions, tailored 
approaches are needed, and a willingness to invest in the future 

of an area is essential. That is because counter-measures are 
not cheap, and they produce results in the longer term only.
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Damage to housing and infrastructure, 
flooding. Government authorities put a lot of 
money into addressing these challenges. At 

least, that is what they believe. In fact, many 
of them are still not aware of the true cause 

of the damage. And that means that they are 
often just tackling the symptoms. After many 
years of research, Gilles Erkens knows the true 

cause – land subsidence – and, even more 
importantly, the possible countermeasures.

T
hroughout the world, peat areas are popular places due 
to their favourable location near the estuaries of major 
rivers or because of the highly fertile soil. So peat areas 
are used intensively for agriculture and other economic 
activities, and also as places to live. Peat is rather 
swampy, or ‘soft’, and so it has to be drained first. 

In itself, the artificial lowering of the water table is a technique that 
goes back centuries. However, we have only recently discovered how 
much damage it can inflict. Draining the land, and building on it, 
leads to a process in which the peat shrinks, oxidises and becomes 
more compact. Land levels fall due to the resulting reduction in 
volume. In time, the soil reaches the water table and draining is 
needed again. The landsubsidence cycle starts over. ‘Once you 
start pumping, you can’t stop; the land keeps on subsiding,’ explains 
researcher and landsubsidence specialist Gilles Erkens.  

We are also familiar with land subsidence during gas 
extraction. Could it be that there are several types?
‘In broad terms, there are three causes of land subsidence associated 
with human activities. The land can fall as a result of sustained 

‘THE HARDER  
WE PUMP,  

THE FASTER  
WE FALL’

BY CARMEN BOERSMA
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groundwater extraction. Mineral extraction is another possible 
cause and, thirdly, it can also occur when peatlands are drained and 
subjected to a load. Not enough people are aware of the third cause at 
the moment. Because it can cause a great deal of damage, we want 
people to become more aware of it and we would like it to have a more 
prominent place on the agenda.’

What type of damage does land subsidence in peat 
areas cause?
‘That varies. In the Netherlands, infrastructure is affected most, both 
above and below the ground. The problem is that the land subsides, 
but structures built on foundations don’t. That gradually results in 
enormous levels of damage to buildings, roads, pavements and fencing. 
Sewers, underground electricity networks and gas pipelines can break. 
You can see how municipalities affected by this process need much 
higher maintenance budgets than other municipalities or regions. 
In the Netherlands, we have good water management and so flooding 
is not a problem. But it certainly is in many other countries, where 
peatland near the coast is drained for agriculture, leading to more and 
more frequent flooding as the land subsides. If draining isn’t stopped, 
flooding becomes semipermanent, preventing the land being used. 
For example, on the Indonesian island of Sumatra, entire stretches of 
coast have become unusable due to draining for palmoil plantations. 
As a result, entire investments are – literally – under water.’

Do we know how high the costs are?
‘In the Netherlands, land subsidence costs every resident of the 
country approximately €250 a year in additional maintenance. 
Sewers, for example, have to be replaced twice as often as in 
municipalities where the soil is not soft. That means less money for, 
say, a swimming pool, sports or green facilities.
We still don’t know what the costs are internationally. But we believe 
they are quite considerable. Better protection is needed for coastal 
areas under threat, and then the costs for coastal defences and water 
management can really mount up. Land that has already been lost to 
the sea or that gets flooded regularly can’t be used and so it doesn’t 
deliver any returns. And biodiversity is affected as habitats disappear. 
An incidental effect of draining peatlands is that greenhouse gases are 
released during the oxidation process. Recent studies have shown that 
this effect puts a major burden on the atmosphere.’ 

Why is it still so difficult to get the subject on the agenda?
‘Because the process is insidious, and people are not yet aware of it. 
Many people in the Netherlands don’t even know they live on peat, or 
that this involves extra costs for their house. And even quite recently, 
it was still unclear that all these costs were linked to a single cause. In 
the Netherlands, we have had land subsidence for a thousand years. 
Government agencies have, so to speak, spent 995 years focusing 
exclusively on keeping the water out. Fortunately, we are seeing a 
change in the mood in the Netherlands, and local authorities and 
parliament are tooling up. The Netherlands is leading the way in terms 
of awarenessraising and countermeasures. We very much want to 
use our lessons learnt at the international level. Precisely because 

Land subsidence in 
the Netherlands costs 

approximately 250 euros 
extra per resident for the 
maintenance of housing 

and infrastructure. 

 
Sewers in regions with soft 

soil have to be replaced 
twice as often: once every 
30 years instead of once 

every 60 years. 

The Greek island of Yali, 
near Kos, is Europe’s 
leading producer of 

pumice stone, which is 
used in foundations for 

road construction on soft 
delta soils. Pumice stone 
is used to keep the roads 
lighter and therefore to 

reduce subsidence.

 
The coastal areas of 

Indonesia and Malaysia 
include 25 million hectares 

of peat land, an area the 
size of the United Kingdom. 

Oxidising peat produces 
greenhouse gases. After 

the USA and China, Indo-
nesia is the world’s largest 
producer of greenhouse 
gases: more than 500 
tons of CO2 annually.

€ 250

CO2

25 million 
hectares
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the consequences are so farreaching, and 
definitive, if nothing is done.
There is a problem in that the solutions are 
expensive and you only see an effect after at 
least ten years. By that time, someone else 
is often in charge. Effective action requires 
vision, conviction and the courage to look 
ahead. So you want to be sure that the 
problems are actually being caused by land 
subsidence. That requires sound, thorough, 
scientific research.’

Let us suppose we are convinced, 
and that we want to get stuck in 
straight away. What should we 
think about doing?
‘There is no straightforward solution; a tailored 
approach is always needed based on how the 
area is used, the area itself and the impact. We 
calculate the costs of land subsidence if policies 
remain unchanged. They are often quite a bit 
higher than people expect. Then we offset them 
against the costs of structural interventions, 
giving users of an area a basis for making 
decisions. Broadly speaking, there are two 
types of measure: reducing land subsidence or 
adapting to the situation. The first approach 

may involve thinking about using light filler 
materials, such as pumice stone, or diverting 
heavy traffic away from roads without 
foundations. Another important way of 
counteracting land subsidence is raising the 
water table. But that is a farreaching process 
in areas with agriculture and housing. Sound 
teamwork and smart waterlevel management 
will be needed.
Adaptive strategies may involve raising houses 
and roads, having cables and pipelines on the 
surface, or strengthening the soil, possibly with 
geotextiles. Alternatively – and this is a very 
drastic approach indeed – you can decide to 
stop building in a particular area.’ 

That sounds like quite an action 
list. It’s a lot to ask.
‘Yes, it is. But we can’t just ignore it. For some 
time, we have acted as though we can keep 
on using peat areas without any problems 
if we just pump hard enough. But the harder 
we pump, the faster we fall. We really have to 
break out of that vicious circle.’

More information?
Gilles.Erkens@deltares.nl

Soft soil is mainly a prob-
lem because it is precisely 
deltas that are home to a 
lot of economic activity. In 
the Netherlands, at least 

6 of the 17 million inhabi-
tants live on soft soil.

Laboratory tests deter-
mine how weak soil is. But 
you will feel it immediately 
when you walk on soft soil. 
Peat is always soft, and so 
are certain types of clay.

6 17

In Kockengen, old, thick layers of asphalt are being removed from below the road and replaced by light materials such as 
pumice stone. Differences in height have been created near houses that apparently rest on sound foundations. That is clear to 
see in the photo on page 13. The light row of bricks shows how the ground has subsided. Many homeowners build a few steps.
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Po valley

 Kalimantan

Sumatra

East Anglia UK

Sacramento Delta Mississippi Delta

 Everglades Florida

EXAMPLES OF LAND SUBSIDENCE IN PEAT AREAS

North-German coastal plain

The west and north 
of the Netherlands
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The subsidence of soft soils such as peat is a global problem. 
California, Italy and Indonesia have developed their own 

ways of dealing with the consequences of land subsidence. 
‘Sound science is the only way to convince people.’ 

BY PJOTR VAN LENTEREN

ITALY, AMERICA AND 
INDONESIA STRUGGLE  

WITH SOFT SOILS
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F
or anybody who works with agriculture and 
homes in peat areas, there is no escaping 
the challenges: land subsidence, flood risks 
and greenhouse gases. The Italian Po Valley, 

Sacramento Delta in California and the coastal 
zones of the Indonesian islands are all facing the 
same difficulties, but they have adopted different 
approaches. How can local scientists get the topic 
onto the agenda, how are they trying to counteract 
the effects of land subsidence, and what can other 
countries learn from them? 

Po valley: a fine balance
Everyone knows that Venice can just keep its head 
above water, but the real problems are found where 
tourists don’t go, in the Marghera, the agricultural and 
industrial area around the city. Here, the peat ground 
is located a number of meters below sea level. Until 
the 1970s, this was caused by deep groundwater 
being pumped to the surface. After an aqueduct was 
installed, land subsidence continued, but now as a 
result of the drainage of agricultural land. ‘This type of 
subsidence is not as fast, but it is much more difficult 
to stop’, argues Pietro Teatini of the University of 
Padua. ‘If we pump too much, the land subsides; if we 
pump too little, there are floods.’ Water authorities in 
the Po valley have to meet the challenge of striking 
a fine balance in both natural and political terms. ‘It 
has been agreed with farmers to plough 30 cm rather 
than 70 cm. That is already an enormous help.’
 
California: convincing farmers and the 
public
In Venice, the problems are easy for all to see; in the 
USA, there are areas where it is much more difficult 
to convince the government and business about 
land subsidence. ‘America is affected by all types of 
land subsidence’, explains Devin Galloway of the US 
Geological Survey, ‘but the most frequent solution is 
to move the problem. There are plenty of uninhabited 
areas.’ In the Sacramento Delta near San Francisco, 
farms are located on peat islands between busy river 
arms. ‘If you stand at the bottom of the bowl, you 

look up at seagoing vessels as they sail by.’ Even 
here, it hasn’t proven easy to raise awareness of 
the problem among local people and farmers: the 
farmers themselves live safely on higher land. ‘On top 
of that, the economic stakes are considerable: one 
third of the USA’s table vegetables are produced here.’ 
Forwardlooking areas are trying to buy out farmers 
and submerge the land in question. Sedimentation 
creates new land. ‘That sounds good, but the process 
is not fast enough and we are struggling with the 
salinisation of the groundwater. We do hope it will buy 
us time so that we can find better solutions.’

Indonesia: palm oil and paper pulp
Not many people associate the tropical coastal 
zones of Indonesia and Malaysia with peat. But that 
is precisely what you find below the jungles, three 
quarters of which have already been cut down: 25 
million hectares, roughly the surface area of Great 
Britain. Until the 1990s, the main industry here 
was forestry, with the selective felling of sustainable 
timber such as meranti. ‘Since they started producing 
palm oil and pulp for paper, things have taken a turn 
for the worse’, explains Aljosja Hooijer of Deltares. 
‘Drainage leads to the loss of peatland and these 
areas are now facing more and more floods, with the 
country’s emissions of greenhouse gases almost 
matching the USA and China.’ Due to the lack of 
proper maps showing peat and land levels, it is easy 
to question whether the problems are real. At the 
moment, environmental organisations and business 
are the main actors pushing for more sustainable 
approaches, financing research into the loss of 
peat and land subsidence, and drawing up accurate 
maps using aeroplanes and laser technology. The 
data make it possible to predict how fast flooding 
will increase, and what can still be done by reducing 
drainage. ‘But it continues to be a difficult discussion: 
should a company or a government agency pass on 
profits that can certainly be made this year for the 
sake of more sustainable, but lower, profits in ten 
years from now? The only way to convince people is 
by doing good science, and producing sound data.’

Land subsidence in areas with soft soil, like those in and around Venice, can, in 
combination with poor foundations, result in the subsidence of historic buildings, 
as here in the case of the Santa Maria Gloriosa del Frari.
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THE VULNERABLE 
CITY

Brownfields
Abandoned industrial estates remain 
derelict, preventing the adequate use of 
scarce space.

Busy underground
Subsurface infrastructure has been built 
haphazardly without taking the water and 
soil system into account adequately. 

Shortage of green spaces
The lack of green spaces and large 
numbers of buildings place pressure on 
the living environment.

Settlement caused by land 
subsidence
Land subsidence and inadequate building 
techniques lead to the settlement of 
infrastructure, above and below the 
surface. 

Growth tests managers and builders
Delta cities are attractive locations. Globally, the numbers of inhabitants and economic activities in these areas are 
rising rapidly. But the complex water and soil system makes cities vulnerable. There is a risk of flooding from the sea 
and rivers. There can be problems with water due to extreme rainfall and high water tables. It is not easy to build on 
soft soils. The precarious balance between human activities and the natural system is put under even greater pressure 
by rapid growth, climate change and land subsidence. Administrators and managers find it difficult to meet residents’ 
demands for a healthy and safe habitat. Furthermore, the cities need to be appealing locations for new industry. How 
can all the demands be met?



THE FUTURE-ROBUST CITY

Room for the River
The course of the river becomes more 
natural, creating more space for water 
flows, nature and recreation.

Stable structures 
During construction, variations in the 
strength of the subsurface and the risk of 
movement in the ground are taken into 
account.


