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5.1 INTRODUCTION

Agricultural production faces unprecedented challenges in the 21st century (Foley
et al. 2011). By the end of the century, the global population may reach upwards of
11 billion (UN 2017), with evolving dietary requirements adding further pressures
on land resources (Bodirsky et al. 2015). All of this will evolve against a backdrop
of a changing climate that could have severe implications for yields and production
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(Agovino et al. 2019). The sustainable management of agricultural land, and soils,
will be key to addressing this challenge. Soils produce around 95% of our food, and
if managed well, even have some capacity to mitigate the harmful effects of flooding
and drought, whilst also sequestering carbon (FAO 2015). Nevertheless, global soil
health is under threat, with around a third of the world’s soils already suffering from
degradation (FAO 2015); in many parts of the world, a major driver of this degrada-
tion is salinization (Rengasamy 2006; Qadir et al. 2014; FAO 2015).

High levels of salts in soil have direct effects on crop yields by impacting osmotic
potential thus reducing plant water uptake (Abrol et al. 1988), but also have severe
consequences for longer-term soil function and agricultural production (Pitman
and Lauchli 2002). Sodium ions (Na*) bind to the exchange sites on clay particles,
increasing the chance of clay dispersal (Abrol et al. 1988). Once dispersed, soils are
susceptible to structural degradation, resulting in surface slaking and reduced infil-
tration rates (Paes et al. 2014). Soil dispersal can also expose previously-occluded
soil organic matter to decomposition, altering the microbial structure and carbon
cycling of a soil (Rath and Rousk 2015). Salts can accumulate at the soil surface and
root zone following evaporation of soil water, whereas an increased flushing with
fresh water can aid salt removal.

It is estimated that salt affected soils cover 932.2 Mha globally, with Europe con-
tributing about 30.7 Mha or 3.3% of total global saline and sodic soils (Rengasamy
2006). Well documented regions of concern range from central Asia, North and
South America, Australia, the Middle East and parts of Africa and Southern Europe.
These constitute mainly arid and semi-arid regions where salinization is intensified
by high temperatures and rapid evaporation, surface water resources are scarce, and
irrigation utilizing water sources of high ionic strength is widely practiced (Endo et al.
2011; Cui et al. 2019).

Salinity is not solely confined to arid and semi-arid regions and can still manifest
as a threat to soils in areas of higher rainfall with greater flushing rates, most notably
in coastal zones (T6th et al. 2008; Jones et al. 2012; Daliakopoulos et al. 2016). Under
future climate predictions, one area at particular risk of salinization is the North Sea
region (Figure 5.1), with its combination of low-lying land, productive farming in
coastal regions and reliance on a regulated water supply to maintain crop require-
ments. Throughout the North Sea region, localized pockets of land have been sub-
jected to salinization processes, such as from seawater inundation (Gerritsen 2005;
Wadey et al. 2015), however, the occurrence of salinization in the region is sporadic.
The risk to agricultural soils inherently differs as a result of varying climatic and
geological conditions and management factors such as flood defence, land drainage
and extent of irrigation (Daliakopoulos et al. 2016). Existing frameworks summa-
rize the salinization process on a global and wider European scale (Té6th et al. 2008;
Daliakopoulos et al. 2016). These are comprehensive but not specific to the northern
coastal regions surrounding the North Sea, a maritime region where the multiple
salinization threats are a function of marine and coastal dynamics. Furthermore, in
coastal regions, multiple processes often occur within the same locality. As a result,
novel frameworks need to be employed to summarize the salinization risks solely in
the North Sea region.
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North Sea

FIGURE 5.1 The North Sea region.

Given future climatic predictions, we anticipate greater threat of salinity to agri-
cultural systems around the North Sea. Salinization will impact on agricultural sys-
tems in the region through a range of mechanisms from flooding, saline intrusion of
groundwater, irrigation with brackish water or airborne salinity (De Waegemaeker
2019). Agricultural land managers will need to explore ways to adapt, but at present,
very little research exists that investigates the issue of salinity in North Sea coastal
region agriculture.

In this chapter, we provide an overview of salinity occurrence in the North Sea
countries with the aim of identifying knowledge gaps for developing a strategy for
agricultural salinity adaptation in the region. On account of limited existence of quan-
titative, comparable, salinity data across the region, this review presents an exploration
of salinization in the region, rather than a comprehensive review of every country.
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5.2 CAUSES OF SALINIZATION IN THE NORTH SEA REGION

We first propose a suitable framework to categorize the common mechanisms of
land salinization shared by all of the North Sea coastal regions. In a 2019 report for
the Interreg project SalFar (“Saline Farming”), De Waegemaeker (2019) developed a
framework of four key pathways, which would cause salinization of agricultural land
across the North Sea region. This framework simplifies previous work by Manca
et al. (2015) and Daliakopoulos et al. (2016) that elaborate on salinization issues
across multiple climate zones. This review builds on the original De Waegemaeker
(2019) framework and in doing so, we discuss the four salinization pathways: (1) irri-
gation, (2) aerosol, (3) flood and (4) seepage salinization; and how they may evolve
in a changing climate (Figure 5.2.).

5.2.1 IRRIGATION SALINIZATION

Salinization by irrigation is a widespread and well documented problem across many
arid and semi-arid parts of the globe (Rengasamy 2006). In such climates, the strong
evaporative forces leave salt residue from irrigation water at the soil surface, lead-
ing to soil salinization. In many instances, the source of irrigation water is from
groundwater reserves, which have a higher ionic strength than surface waters. In the
maritime climate of the North Sea region, we expect more of a dominance of salt
flushing from natural rainfall as confirmed by a study of the dynamics of soil salini-
zation in Denmark (Christensen 2021). Unlike arid regions, irrigation salinization in
the North Sea region will likely only manifest in instances where an originally fresh-
water resource has become salinized to some extent, or where growers utilize more
brackish sources in instances where freshwater is becoming scarce. Climate mod-
els predict warmer and drier summers, and milder and rainier winters in Northern
Europe (Palmer and Riisdnen 2002; Rowell and Jones 2006). With growing vari-
ability in rainfall events (Pendergrass et al. 2017), farmers may resort to further
reliance on irrigation systems. As the requirements of agriculture, households and
industry compete for an ever more limited water resource, the utilization of brackish
water reserves, if deemed viable, may be an option for growers.

5.2.2  AEROSOL SALINIZATION

Coastal farmland is also at risk of airborne salinization (Rozema et al. 1983; McCune
1991). Key factors affecting the process are meteorological — namely the speed and
direction of the wind (Franzén 1990). Wind speed needs to exceed 4 metres per
second in order for the wind to take up droplets of seawater (O’Dowd and de Leeuw
2007). As such, aerosol salinization in the North Sea region may be more common in
areas exposed to higher winds, for example prevailing winds, and less so in sheltered
areas (Franzén 1990). The North Sea region is generally subject to westerly winds,
and thus we may anticipate more aerosol salinization at the eastern end of the Sea.
The majority of airborne salts are deposited within 1 km of the coast (Gustafsson and
Franzén 1996). Topographic obstacles to airborne transmission, such as a dune belt,
could offer protection of the hinterlands from aerosol salinization. Nevertheless,



Salinization Threats to Agriculture across the North Sea Region 75

FIGURE 5.2 Four salinization processes of the North Sea region. (De Waegemaeker 2019).

aerosol deposition of salts has been known to travel much further inland (Balance
and Duncan 1985). In a changing climate, the degree of aerosol salinity will be
determined by how wind patterns may manifest.

5.2.3 FLOOD SALINIZATION

Projections from the IPCC point to a worst-case scenario of sea level rise of between
61 and 110 cm by 2100 (IPCC 2019). Such a rise, alongside a predicted increase in
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storm surge frequency, will put coastal areas at risk of widespread coastal flooding
and the inundation of agricultural soils with saltwater (Nicholls and Cazenave 2010;
Brecht et al. 2012; Salehin et al. 2018). The North Sea region will be no exception,
and in fact, may be particularly exposed to this rise in sea level (Vousdoukas et al.
2017); the incidence of coastal flooding is therefore forecast to rise in the region
(European Environment Agency 2019). Furthermore, changing weather patterns
could lead to more unpredictability in storm surge events (Woth et al. 2006), of the
scale that has severely damaged North Sea agriculture in the past (Steers et al. 1979).

The severity of flood salinization will not only depend on environmental factors,
such as the salinity of the water source, the duration and the extent of the flood,
alongside the land’s capacity to recover, but also on post-flood management factors
such as the availability of machinery, cultivation and crop choice. Around the coasts
of the Netherlands, Belgium and the UK, the North Sea has a typical salt content of
3.5% (Raats 2015), whilst closer to the Baltic, and in estuarine areas, the salinity
levels are reduced by dilution with freshwaters. In terms of flood duration, some
coastal floods can last only a few hours, whilst others caused by sea defence failures
in very low-lying areas can last weeks or months, even resulting in land abandon-
ment (Fagherazzi et al. 2019). Even a short-duration flood event can have devastating
impacts on the land (Durant et al. 2018). Finally, the soil type and land management
will also determine how persistent salts may remain in the soil, and also the speed
of recovery e.g. salt flushing. Clay soils not only have slower infiltration, and thus
reduced salt flushing rates, but also can exhibit more structural damage from sodifi-
cation (Abrol et al. 1988). Taking into account all three of these factors, some areas
of the North Sea region may recover quickly, with salinity only being a problem in
the short duration following flooding, whilst in other situations, salinity could impact
on crop yields for a long time, or even lead to permanent changes in land manage-
ment (Gould et al. 2020).

5.2.4  SEEPAGE SALINIZATION

Salinization by seepage involves the subsurface movement of saline or brackish water
to bring it into contact with surface waters, shallow groundwater reserves or the
soil root zone via saline intrusion. Saline intrusion can impact on agricultural lands
by permeating into freshwater sources, such as surface or groundwater resources
utilized for crop production. Additionally, in certain instances, the saline interface
could rise up to within crop root zone itself (Stofberg et al. 2017). The rate of intrusion
depends on two key factors: (i) the upward encroachment of saline water and (ii) the
downward pressure of freshwater (de Louw et al. 2011). If more upward pressure is
exerted from beneath, as a result of rising sea levels, storm surge events or sea level
rise (Masterson and Garabedian 2007; Werner et al. 2013), the saline interface is
forced upwards. Consequently, if less freshwater pressure is being placed from above,
for example from increased freshwater abstraction or reductions in rainfall recharge
(European Environment Agency 2019), the saline interface will also rise towards
the surface. Michael et al. (2017) recently termed the pressure on coastal aquifers
“coastal groundwater squeeze”, which threatens coastal groundwater resources by
overuse and contamination. In a changing climate, these drivers — from above and
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from below — will bring the issue of seepage salinization to increasing significance
in coastal agricultural areas of the North Sea region.

5.3 COUNTRY CASE STUDIES

5.3.1 UNimep KiINGDOM

Many coastal areas of Eastern England have a long history of reclamation, drainage
and conversion to productive arable land (Hazelden and Boorman 2001). As a result,
much of the UK’s most productive agricultural land is found in these low-lying areas
of fertile soils, areas also occupying flood risk zones, with water levels managed
by Internal Drainage Boards. North Sea storm surges flooded east coast farmland
in events in 1953, 1978 and 2013 (Steers et al. 1979; Baxter 2005; Spencer et al.
2015). Farms most at risk to these saline inundations can be areas of particularly
high value: growing potentially less salt tolerant crops, such as salads and potatoes,
exposing vulnerabilities to regional agricultural economies if coastal flood incidence
rises (Gould et al. 2020). In many areas along the North Sea coast, there is continual
debate over the cost/benefit of maintaining flood defences and of nature-based adap-
tation (Liski et al. 2019), keeping the risk of flood inundation ever present in the
attention of UK coastal farmers.

In addition to flooding, there is concern regarding seawater intrusion into some of
the UK’s coastal aquifers, such as the chalk aquifers, a valuable freshwater resource
(MacAllister et al. 2018). These deep aquifers are not considered a direct pathway to
agricultural soil salinity (Cooper et al. 2010), but agricultural abstraction licenses are
in place for other groundwater reserves and surface waters in coastal regions to sup-
ply irrigation systems (Weatherhead et al. 2014), areas in which seepage salinization
could compromise public and private abstraction.

The extent of salt affected soils in the UK is unknown, although considered not to
be insignificant (Loveland et al. 1986). Given the aforementioned mechanisms, the
potential for salinization is geographically extensive, and not localized to any one
agricultural region along the North Sea coastline. As recently as 2013, coastal flood-
ing inundated farmland in areas around the Humber, south Lincolnshire, Norfolk,
Suffolk, Essex and Kent (NFU 2013; Wadey et al. 2015) (Figure 5.3a). Eastern coasts
of Scotland have been subject to periodic flood events, and coastal defences are in
place to protect property and farmland (Hickey 1997). The Norfolk Broads (which
have RAMSAR and SAC designations) have been subjected to increased salinity,
both from changes to local water management and also as an impact of storm surges
(Roberts et al. 2019). Former salt marsh lands of Essex, Kent and other parts of
Southern and Eastern England, areas which have undergone past conversion to farm-
land, can exhibit a degree of salinity, and faced with greater coastal flooding, their
longevity as productive farmland may be in question (Hodgkinson and Thorburn
1995; Hazelden and Boorman 2001 ); the financial impacts of a flood on prime agri-
cultural land could cost up to £5,000 per hectare (Gould et al. 2020). Furthermore,
farmland in South Lincolnshire and East Anglia receives less rainfall compared to
the rest of the UK (Mayes and Wheeler 2013) and thus has a demand for irriga-
tion (Rey et al. 2016) with less salt flushing potential from natural rainfall. By 2050,
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FIGURE 5.3 Locations discussed in the United Kingdom (a); Belgium (b); the Netherlands
(c); Germany (d).
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the water requirements of agriculture in these regions will face increased pressure
(Environment Agency 2020). Some growers in these areas, faced with limitations in
irrigation supply and confronted with brackish surface and groundwater, are starting
to explore trials with brackish water irrigation.

5.3.2 BEwGIuM

Most of the Belgian coastal plain was reclaimed in the 11th and 12th centuries
(Tavernier et al. 1970), and surface water today is maintained by a system of drain-
age and pumping of surface waters to manage winter and summer levels. The phre-
atic aquifer at the Belgian coast constitutes a freshwater lens situated on top of saline
groundwater (Vandenbohede et al. 2015). The cartography of the freshwater lens
showcases the local geology; the lens is thickest at the sandy ridges and thinnest in
the lowest-lying areas (Vandenbohede et al. 2010; VMM 2014; Delsmans et al. 2019).
In some exceptional cases, mainly grassland, the saline groundwater interface is
located at less than 2 metres depth. A comparison of the current situation to research
from the 1970s indicates that the freshwater lens at the Belgian coast is relatively
stable at present (Vandenbohede et al. 2010). Nonetheless, water managers need to
be vigilant as climate change exacerbates seepage salinization.

The closer to the Belgian coast, the more sea level rise puts pressure from below
on this freshwater lens (Lebbe et al. 2008). At two sections of the coast, namely
between Middelkerke and Bredene, and between Wenduine and Zeebrugge (Figure 5.3b),
the dune belt is narrow (50-150 metres wide). Here, the small dune area offers flood
protection but it is not sufficient to prevent the seepage of seawater to the adjacent
polder area, as the fresh groundwater reserve under this narrow dune belt is shallow
(Oude Essink 2001; Lebbe et al. 2008). In addition to this upward encroachment
near the North Sea, there is pressure from below on the freshwater lens along the
Boudewijn canal, which connects the city of Bruges to the port (VMM 2014). In this
case, saline water seeps from the canal to the adjacent polders.

The water availability in Belgium is likely to change with future climate predic-
tions (Tabari et al. 2015) leading to periodic reductions in downward pressure on
the freshwater lens. Recently the province of West-Flanders was confronted with
prolonged droughts, for example in the summer of 2017, 2018 and 2019 (CIW 2018,
2019, 2020). These extreme weather events foreshadow the impact of climate change
on local water management and agriculture. In the aforementioned droughts, all
available water was directed to the rivers and canals in order to ensure navigability
and, as a result, there was no water left to increase the level of surface waters in the
polders. In addition, farmers were prohibited from pumping groundwater for irriga-
tion in order to stall seepage salinization.

5.3.3 THE NETHERLANDS

Agriculture in the Netherlands has a long and rich history of land reclamation, drain-
age and water management (Hoeksema 2007), resulting in the characteristic polder
landscape we know today. With around a quarter of its land surface below sea level
(Huisman et al. 1998), the Netherlands has seen its share of historic coastal floods
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leading to soil salinization (Raats 2015). However, after every flood dikes were
raised above the levels of the last flood. In the aftermath of devastating floods in the
early to mid 20th century, significant investment was allocated to the construction of
a series of dams and flood barriers in the following decades (Raats 2015). As such,
much of the coastline is protected by defences based on withstanding a 1 in 4,000 to
1 in 10,000-year event, constituting a much more robust coastal flood defence system
than other North Sea countries. In fact, it is estimated that without this extensive
defence network, 65% of the country’s land surface would suffer regular flooding
(Huisman et al. 1998). As a consequence of this investment, the likelihood of saline
inundation of Dutch farmland is much less than in other countries, but it can never
be ruled out (Bouwer and Vellinga 2007; Vousdoukas et al. 2016).

The more pressing issue concerning exposure of agricultural systems to salin-
ity in the Netherlands is through the impacts of saline groundwater seepage. The
major part of the low-lying coastal area has a history of being flooded with every
tide. As a geological relict, the groundwater at around 4 metres or below exhibits a
degree of salinity, either brackish or saline. Compared to other North Sea countries,
the Netherlands benefits from more extensive research activity exploring salinity
and groundwater dynamics (de Louw et al. 2010; Oude Essink et al. 2010; de Louw
2013). Beauchampet (2019) provides a comprehensive review of agriculture and sali-
nization from groundwater in the Netherlands, which we briefly summarize in this
case study. In the coastal areas of the Netherlands, model simulations predict up to
twofold rise in salt levels as a result of groundwater seepage from sea level rise pres-
sures by 2100 (Oude Essink et al. 2010). The predicted increase in saline seepage
will not only come from rising saline interfaces, but also by lowering ground levels
due to subsidence (Oude Essink et al. 2010). As a result, the most vulnerable areas
to salinization are located in the reclaimed lands of the coastal areas. Here, ground-
water lies very close to the surface (Velstra et al. 2009), and productive agricultural
systems may be increasingly reliant on freshwater from surface waters for produc-
tion (Nillesen and van Ierland 2006). In future, such lands would require sufficient
flushing with freshwater in order to keep the saline interface at bay. Faced with ever
increasing sea level-induced pressures from below, and the potential for less rainfall
or more freshwater abstraction from above, keeping the saline interface at sufficient
depth will prove to be a challenge for Dutch agriculture in the 21st century (Velstra
et al. 2009).

5.3.4 GERMANY

Following global sea level rise in the Holocene, salinization of the German North
Sea coast stretched up to 20 km inland (Martens and Wichmann 2011). Centuries
of storm surges, land reclamation and extensive dike building created the current
German North Sea coastline we see today (Vollmer et al. 2001). It stretches about
1,300 km (including islands), with a closed dike line offering protection for the land
behind. Without these dikes, in some places up to 9 metres in height, and coastal
protection system, the low-lying hinterland would be flooded with the tides. Large
areas of the region lie below sea level and the coastline is vulnerable in a changing
climate (Sterr 2008).
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The most vulnerable regions to groundwater salinization are the barrier islands,
such as the East Frisian Islands (Figure 5.3d) (Roper et al. 2012; Seibert et al. 2018),
and the low-lying marsh lands such as East Frisia. In these regions, German agri-
culture is threatened by flood inundation during storm surges, which can lead to
rapid salinization of groundwater lenses (islands) or groundwater aquifers (main-
land); whilst increasing seawater pressure and decreasing freshwater resources
lead to comparatively slower seepage salinization (Werner et al. 2013). Recovery of
infiltrated freshwater bodies in such areas takes years to decades (Anderson 2002;
Holding and Allen 2015; Post and Houben 2017).

Groundwater in parts of North Germany’s coastal areas is also subject to the
“coastal groundwater squeeze” (Daliakopoulos et al. 2016; Michael et al. 2017) and
as such, salinization of groundwater resources in Northern Germany becomes a
growing issue for public water supply. Although currently much of the groundwater
monitoring focuses on other anthropogenic inputs such as nitrates and pesticides, in
the long-term groundwater salinization is expected to become a critical threat to the
utilization of groundwater sources (Grube, 2000). The situation is exacerbated by
increasing population, tourism and general water demand (Michael et al. 2017) and
consequences of sea level rise, flooding and droughts (Jurasinski et al. 2018).

5.3.5 DENMARK

The Danish coastline stretches 7,400 km from the North Sea in the west to the Baltic
in the east, comprising the Jutland peninsula alongside hundreds of islands, exposed
to a gradient of salinity from west to east (Hansen et al. 2011). With a few excep-
tions of land reclamation by dike construction in fjords, such as Lammefjorden in
1873, the landscape of Denmark is generally above mean sea level. The southern
part of the North Sea coast of Jutland constitutes the northern extent of the Wadden
Sea and marshes protected from flooding by dikes established in the past 100 years.
North of Esbjerg the coast is protected by an extensive belt of sand dunes. This belt
of sand dunes has been subject to significant erosion during the past 50 years and in
major sections is only maintained by protective initiatives such as beach enrichment
and repetitive reshaping of the remaining sand dune barrier. Flooding in Denmark
falls into two categories: flooding in the marsh of the North Sea coast is a rare event
with only limited effects during the past 100 years, while flooding of coasts in the
inner sea (Baltic Sea and Kattegat) including flooding of arable land is reported with
increasing frequency.

Groundwater salinity in Denmark is currently monitored in sources of drinking
water. An increase in salinity has been seen in coastal regions, most significantly in
coasts of the inner sea including Zealand and small islands such as Lasg, Endelave,
Sejerg (Figure 5.4a) (summarized by Kristiansen et al. 2011). These areas also cor-
respond with reported areas of saline intrusion noted by Fenger et al. (2008). There is
also evidence in Danish coastal regions of legacy impacts of sea spray on forest soils
(Pedersen and Bille-Hansen 1995), suggesting airborne salinity as another potential
pathway of salinization in coastal Denmark. Root zone soil salinity has only recently
been subject to study in Denmark (Christensen 2021), which revealed that there is
no accumulation of marine salt in soil in Denmark, most likely due to flushing from
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menmark

FIGURE 5.4 Locations discussed in Denmark (a); Sweden (b); Norway (c).

sufficient rainfall. However, temporary soil salinity can be observed as a result of
flood or seepage from the coast as well as aerosol from the sea.

The Danish case also offers an historic insight into how local communities can
adapt to, and even exploit, salinization for economic benefit. Saline groundwater on
the island of Lasg (Jgrgensen 2002) allowed large-scale production of salt on the
island between the 12th and 16th centuries, bringing wealth to the island, salt being
an essential commodity for food preservation in Scandinavia and Northern Europe.

5.3.6 SWEDEN

Groundwater salinization in Sweden has been explored in several studies, most of
which date back to the late 1980s and early 1990s. The most comprehensive works
(Knutsson and Fagerland 1977; Lindewald 1981; Olofsson 1996) investigating the
occurrence of groundwater salinization in Sweden utilize data sourced from the
Geological Survey of Sweden (SGO). According to Olofsson (1996), groundwater
salinization in Sweden is attributed to several factors including the intrusion of sea-
water in coastal areas, fossil seawater, chemical interaction between the groundwater
and the aquifer, as well as anthropogenic sources such as runoff from waste deposits
and the use of de-icing salts on roads.

Lindewald (1981) presented evidence of groundwater salinity in Sweden using
data from the SGO. The results showed that 780 wells were identified as salinized,
with Chloride concentrations of 300-7000 mg per litre. In a later study by Olofsson
(1996), as many as 13,000 wells were said to have a “salty taste”, with Chloride lev-
els of 300 mg/L or higher. The majority of wells exhibiting salinity could be found
along the whole Swedish coastline (including Oland and Gotland), and into central
Sweden within a 200 km wide zone from the Swedish west coast via Lake Vinern,
and from Lake Vittern to Lake Maélaren near Stockholm (Figure 5.4b) (Olofsson
1996). Saline groundwater occurred in different aquifers in Sweden and could be
found in sedimentary as well as in crystalline bedrock as well as in sand and gravel
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deposits (Lindewald 1981). Lindewald (1981) linked the cause of salinization on the
west coast with the transgression from the Atlantic Ocean.

Approximately 1,800 km of the Swedish coast is at risk of climate-driven ero-
sion, land degradation, loss of natural habitats, and infrastructure depreciation (SOU
2007). The coast of Southern Sweden is particularly exposed to erosion and coastal
flooding; which are expected to increase in the coming 100 years (SOU 2007). Like
much of the North Sea region, sea level rise in combination with increasing demand
on groundwater may intensify the salinization of groundwater along with the coastal
areas of Sweden bordering the North Sea.

5.3.7 NORwAY

Unlike many other North Sea countries, groundwater only plays a relatively small,
although increasing, role in Norway’s drinking water supply on account of the
large reserves of surface water available (NGU 2014). Groundwater is thus not
monitored in as much detail as in some other countries, resulting in limited data for
groundwater salinity measures. As a result also, seawater intrusion of groundwater
has seen little attention in monitoring and research. However, despite a gener-
ally low awareness concerning potential agricultural problems related to seawater
intrusion, the Geological Survey of Norway lists reducing groundwater removal
to avoid saltwater intrusion in coastal areas among possible measures to maintain
good groundwater quality.

For Norway, climate-driven sea level rise will dominate over land subsidence in
the coming century, although predicted sea level changes are expected to be below
the global mean (Simpson et al. 2015). Coastal areas in South-Western and Western
Norway will most likely experience larger relative sea level increases than in more
northerly areas (with the exceptions of some islands) or in the Skagerrak strait
(Simpson et al. 2015). In terms of potential salinization of agricultural land, though
the risk may be low in general, some areas along the North Sea coast may be prone
to saline inundation, as well as saline intrusion into groundwater, as reflected by
high electrical conductivities and salt concentrations measured in a coastal location
within the national groundwater surveillance grid (Orresanden; Seither et al. 2016).
One of these areas is Jeren in South West Norway (Figure 5.4¢), the country’s larg-
est lowland plain with significant agricultural production. While agricultural land in
this region mainly remains several metres above sea level, extreme storm surges may
still flood farmland (Eich-Greatorex et al. 2020).

Future salinization threats in Norway may thus manifest from inundation due
to storm events, and also aerosol and seepage salinization may be relevant in some
areas. Additionally, interest in irrigation with brackish water is rising. However,
Norway will likely be one of the least impacted nations in the North Sea region.

5.4 DISCUSSION

It is clear from the exploration of our country case studies that even in a region of
relatively similar climatic conditions, the issue of salinization is diverse and complex.
Nevertheless, the country studies do highlight some common themes — namely that sea
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level rise, and increased demand for freshwater, will induce pressures on groundwater
resources across the coastal region. As such, seepage salinization will manifest and
could either lead to increased salinity in the root zone, for example in the Netherlands,
Denmark or Belgium where evidence shows saline groundwater is relatively shallow in
the soil profile; or by upward movement of saline water mixing with surface waters or
irrigation sources. Despite all countries facing some degree of seepage salinization, it
is the relatively slow nature of seepage salinization, in comparison to flooding, which
provides one of the major policy challenges facing the region. Subsequent impacts take
time, and may not become evident for many years. Therefore, the problem may be clas-
sified as a “creeping catastrophe” (Schneider et al. 2013) posing challenges to a better
understanding of its dimensions and societal responses.

Unlike seepage, current flood salinization threats differ vastly between counties
in the region as a result of geographical and management factors. Countries that
have invested more in coastal defences, such as the Netherlands, or have mainly
higher and steeper topography, such as Norway, are unlikely to see much flood sali-
nization at present, although a future risk to these countries should not be ruled
out. The Netherlands further offers us an example of how strategic investment can
help reduce flood salinization risks; although this comes at substantial financial cost.
Conversely, the mechanisms of salinization to the UK, Germany and Denmark are
manifold: these countries have experienced flooding in recent history; are likely con-
fronting the “coastal groundwater squeeze” (Michael et al. 2017), and have been
subject to the airborne deposition of salts. Taking this all into account portrays a very
complex picture throughout the North Sea region, highlighting the interdisciplinary
nature required to address the future salinization challenge.

Of the four mechanisms outlined in the framework (Figure 5.2), irrigation salini-
zation may be a likely pathway of future salinization, but not something of present
concern given the lack of existing data on the subject. However, whilst conducting
this review, and the wider SalFar project, we noted some curiosity and willingness
from growers to explore new opportunities with brackish water irrigation across the
region, and several anecdotal reports of such practices. For growers, brackish water
irrigation may lead to reductions in water costs, or saving viable crops in times of
drought. Much of the data on the salt tolerance of conventional crops has emerged
from trials in more arid regions, and on older varieties (Ayers and Westcot 1985;
Tanji and Kielen 2002). More research is needed to identify whether such crops may
be able to withstand more salinity than first thought, if grown in a climate of more
precipitation such as the North Sea region. Recent work on the island of Texel in
the Netherlands has explored salt tolerance of conventional crops commonplace in
European agriculture (de Vos et al. 2016). Their findings, albeit conducted in a sandy
soil environment with greater flushing rates, suggest that several typical crops may
withstand more salinity in their irrigation water than first thought. However, such
practices are not without risk. The potential for long-term soil damage from brackish
irrigation in maritime climates remains unknown. Further investigation with long-
term salinity field trials is required in order to explore both crop impact and the soil
physical, chemical and biological response under a range of different management
regimes.
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What is evident from our exploration of the North Sea region is not only a general
lack of sufficient data on salinity, but also an inconsistency of measurement between
countries. In the Danish islands, we obtained data on percentage (%) salinity. In
Belgium, saline groundwater data has been reported in g/L total dissolved solids. In
other countries, monitoring of Chloride levels is more routine for water companies.
Many farmers and growers use portable and commercial probes to measure salin-
ity in units of ppm. Across all countries, data on water salinity was more available
than soil data. The lack of data and consistency between nations is not unsurprising,
given that salinization has been of little historic concern in the region compared to
other parts of the world. However, over the coming century the issue of salinity will
become ever more prescient, and systematic monitoring, mapping and data collec-
tion, consistent across all countries of the region, will be essential if the region is to
adapt to such threats.

Despite the complexity around the region, and the lack of available data, we pre-
dict increased occurrence of salinization to the region in the coming century. Faced
with this, coastal land management and agriculture will need to adapt. Key to this
will be the complex role of water management bodies. A combination of coastal
protection, groundwater abstraction regulation, drainage networks and attenuation
and storage areas already constitute much of the North Sea region’s multifaceted
approach to coastal land management. This will become ever more critical in the
coming century, where sea level rise will put greater demands on coastal defences,
freshwater abstraction rates will see greater demand in times of water scarcity, and
approaches to drainage and pumping will need to address seasonal water shortages.
An example of one possible solution might be the designation of water retention
areas, both above and below surface, in order to store water instead of pumping it
into the North Sea, e.g. large attenuation areas or irrigation reservoirs. In doing this,
excess freshwater over winter can be retained to later supply irrigation in the summer
months (Karrasch et al. 2017).

Without investment in water management and protection, farmers may need to
explore adaptations. Whether it be extending rotation and introducing more graz-
ing, or growing more salt tolerant crops, potentially even halophytes (Rozema
and Schat 2013), coastal growers will need to make evidence-based decisions.
As such, the potential for “Saline Agriculture” (Ladeiro 2012) — food produc-
tion that accepts, and adapts to, a degree of salinity in the system — requires
further investigation from the research, policy and agricultural communities.
In each context, however, we must remember that farmers’ decision-making is
also complex. Scientists and economists may develop models that suggest opti-
mal choices based on salinization-risk and market analyses, but local traditions,
social networks and family imperatives all shape behaviour in different ways.
Some of these personal factors will influence a farmer’s willingness to innovate,
impacting on their “perceived room for manoeuvre” (Methorst et al. 2017). Other
factors will see strategic changes emerging from a range of other sources, includ-
ing both local networks and extensive supply chain connections, thus the com-
munication of science and policy must engage a diversity of networks in order to
bring about behavioural change.
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5.5 CONCLUSION

Unlike the arid and semi-arid regions, there is limited data available on salinization,
or its potential, in the North Sea region. However, under future climate projections,
we anticipate the risk of salinization to agriculture in the region to dramatically
increase. The risks and mechanisms of salinization across all North Sea nations are
extremely diverse and can vary greatly from one country to another. If the region
is to develop resilience to salinization in our agricultural systems, it requires more
comprehensive knowledge about salinization. This could be realized through more
extensive mapping and monitoring, and further research into how farms can respond
and adapt, potentially opening greater scope for “saline agriculture”.
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