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Abstract:  There is a fundamental problem with lands below sea level. They are prone to be under the threat of flood constantly. 
Many nations created dams and dikes to ward off floodwaters. The Dutch did better by reclaiming land from the sea 
through the use of dikes creating Holland. With dikes the Dutch have to constantly move water from channels and low 
grounds water seepage to keep their polders dry, which need massive energy and annual recovery of structures 
attacked by rivers, sea, storms, runoff and snow drift. While snow drift can be stopped with snow drift curved fences, 
polders and Holland’s low lands cannot sustain the constant attack by the sea to reclaim its lost territory. With climate 
change and rise in sea levels, accumulated sediment pressure, salt mining and gas explorations combined the 
Norwegian Danish tectonic shelf may shift causing catastrophic events like earthquakes and eventually tsunami. 
Therefore, Holland requires a proper Hurrian style lasting embankment and mangrove forest that protects it from sea 
surge and 10 m tsunami for 10,000 years to come. 
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1. INTRODUCTION 

The instability of sands makes it a precarious land mass to build structures over, and this is the 
case with almost all river deltas. The entire nation of Holland is developed on the sands of a very 
large sandy delta. While the Dutch claimed land from the North Sea with the use of dikes, most of 
its land is below sea level.  The many rivers, channels, natural and man-made lakes make Holland a 
water saturated sandy lands prone to constant floods from within. Add to this the North Sea 
attempts to reclaim its lost lands with sea surges and snow drift constantly. The Dutch have been 
spending great resources to mitigate floods from within and without with mixed results throughout 
their history. The lurking danger to all the Dutch efforts may come not just from outside through 
sea surges and perhaps tsunamis alone, but earthquakes from within Holland where energy and 
mineral excavations are at industrial scale and have caused local damages. These excavations are 
not just from within Holland, however, the North Sea too is thoroughly exploited which may affect 
its undersea plates stability, and ultimately the stability of Holland itself. The unpredictability of 
Holland’s future as an existing country hangs in the balance of Nature’s reaction to the exuberantly 
industrial Dutch. 

2. SHIFTING SANDS 

Holland has been at the forefront of major flood mitigation projects both from sea and rivers 
(Figures 1-2). The extensive protection measures and hydraulic structures implemented after the 
flooding of 1953 have been designed to limit the risk of a flood from the sea to once in every 
10,000 years (van Rijn, 2009). Most of Holland is made of sands and residual sediments since 
Holland is located on a massive delta for the major rivers of Rhine, Meuse, Eems, Scheldt, Roer, 
Dommel, Gelderse Ijssel and Linge. Sand and sediment is not confined to the rivers’ deposits, but 
the migration of sands and sediments from the Irish and UK continents towards the Dutch shores. 
Estimates of the rates of erosion at Irish coast sites are predominantly within the range 0.2-1.6 m/yr 
with only minor variation between different materials and formations (Spatial Planning Unit, 2001). 
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The coastline of The Netherlands is ca. 350 km long. Ca. 290 km consists of dunes and beach flats; 
while the remaining 60 km is protected by dikes, dams and storm surge barriers.  

 

Figure 1. “paalrijen uit beeldbank klein”; illustration with permission from the Ministry of Infrastructure and the 
Environment, Directorate-General for Spatial Development and Water Affairs, Netherlands. 

 

Figure 2. Satellite image of the Netherlands dikes; with permission from the Lunar and Planetary Institute, Houston, 
USA. 

 
A total list has been put together that covers 338 recorded (storm surges and high water) that led to 
an estimated 1735 dike failures between 1134 and 2006. Table 2 sets out the six main causes of 
historical dike failures in the Netherlands. In addition to a total list, the floods are also divided up 
into three different eras. Storm surges were generally the major cause of dike failure, followed by 
high water and ice drift. A total of 136 storm surges were recorded on the North Sea between 900 
and 2006. The percentage of failed dikes caused by storm surges after 1862 is even higher than 
before that date, but this can be attributed to the flooding of Zeeland in 1953, which led to 140 dike 
failures out of the 206 in this period. 

 
The paragraph above and Table 1 are adapted from The Causes and Mechanisms of Historical 

Dike Failures in the Netherlands (Van Baars and Van Kempen, 2009). 
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Table 1. Causes and distribution of dike failures 
 

Causes 1134-1783 1784-1861 186202006 Total 
Storm surge 60% 8% 72% 55% 
High water 23% 27% 14% 22% 
Ice drift 5% 57% 0% 11% 
External (human, animal) 5% 0% 5% 4% 
Rainfall or drought 4% 8% 8% 5% 
Miscellaneous 3% 0% 1% 2% 
Number of Failures 1271 217 247 1735 

 
The number and types of dike failures in spite the constant observation, research, innovation and 

constructions and monitoring systems, and wasting valuable resource which otherwise would have 
been used for better quality of life suggest this 10,000 years protection from sea surge a losing 
battle, and definitely inaccurate.  

The beaches and shore-face, in fact the ‘foundation’ of the Dutch coastal zone, almost 
completely consist of sand. More than half of the coastline is subject to coastal erosion. The 
remaining part is stable or advancing (de Ruig, 1998). A rising sea level is expected in the future, 
possibly up to 0.98 m by the end of the 21st century (IPCC, 2014), which could result in more 
frequent/severe weather events in some regions furthering a consequent increase in erosion/flooding 
(Church et al., 2013). Dutch coast shows that long term and large-scale erosion can be stopped by 
massive beach and shoreface nourishment over long periods of time. This approach is only feasible 
if sufficient quantities of sand are available and the dredging and dumping costs are acceptable (van 
Rijn, 2011). Erosion mitigation techniques that closely replicate natural processes, such as beach 
nourishment, sand dune creation, and shoreline restoration, can be used to provide temporary 
protection. In extreme circumstances of high rates of erosion, abandonment and relocation of 
communities might be the best long-term alternative for many coastal regions around the world 
(USGS, 2001).  

Every kilometre of the present position of the Dutch sandy coastline is the result of the interface 
between natural dynamics initiated by the sea and man-made action on land (de Ruig, 1998). 
Current implementation practice teaches us that the reference coastline can be maintained with 12 
million m of sand a year, but this is not enough sand to enable the coastal foundation as a whole to 
adapt to a sea-level rise of 1.8 mm a year (Vergouwe, 2016). Shoreline response to relative sea level 
rise can be broadly divided into two main categories: erosional transgression and depositional 
regression (Van Rijn, 1998).  Seawalls constructed to protect property along retreating beaches 
often exacerbate beach erosion. They confine the wave energy and intensify the erosion by 
concentrating the sediment transport processes in an increasingly narrow zone. Eventually, the 
beach disappears, leaving the seawall directly exposed to the full force of the waves (USGS, 2001). 
Human interference with river system and beach natural construction will only lead to the force of 
the fluid substance that is water, its natural gravitational flow, associated wind, seasonal elements 
and daily temperature differential, find alternative ways to return to its natural construct, and that 
entails constant attack against unnatural human endeavors against its discourse. 

Altering the natural deposition of sediment will likely be detrimental to the health and strength 
and maintenance of the shoreline. The conversion of mangroves into fish or shrimp ponds has 
disconnected mangroves from sediment input by the river and led to a loss of their coastal 
protection function (Winterwerp et al., 2014).  For this purpose natural defence system must be 
maintained first to withhold sediments and second withstand sea surges and protect sea walls and 
properties beyond. Based on field and numerical studies on the Nga Bay River (south Viet Nam) 
found that degradation of mangroves along the tidal rivers led to intensification of tidal currents at 
the mouths of the rivers and erosion on the coast (Mazda et al., 2002). Assessments of adaptation 
strategies for coastal zones have shifted emphasis away from hard protection structures of 
shorelines (e.g., seawalls, groynes) towards soft protection measures (e.g., beach nourishment), 
managed retreat, and enhanced resilience of biophysical and socio-economic systems in coastal 
regions (Udovyk, 2003). Intact mangrove forests protect mud coasts by attenuating the height and 
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strength of sea waves and by reducing the impacts of storm surges. In the long term, they provide 
protection by vertically building up the coast through storage of organic matter and sediment 
(Winterwerp et al., 2014). Mangrove plantation belts are expected to act as natural infrastructural 
buffers against coastal hazards; the artificial mangrove embankment must be carefully designed to 
function not only during the initial stage of its lifetime but also over time, to avoid system failure in 
the future (Takagi, 2017). Differences in weather regimes, tidal depth, and water salinity determine 
which plant populations will thrive in a given coastal environment (USGS, 2001). The Bangladesh 
coastal green belt that had been incorporated with coastal embankments used a variety of trees that 
afforded not only protection from hazards, but also offered various benefits from the output of the 
green belt such as fruits, nuts, thatch, coconuts, fuel and poles (Clark, 1995). Holland seashores 
need replanting with salt tolerant flora be it grasslands and mangroves that fit its ecosystem as 
defence mechanism against sea surges. Based on this new approach instead of constant dikes 
failures the Dutch may even benefit from the trees and grasses they plant by harvesting its yield, 
and raising grazing animals. 

However, in spite the regrowth of the Holland foreshores with mangroves it is not immune from 
a sudden and massive change in geological shift that may hit other parts of the North Sea. Both 
papers of Svendsen and Mangerud (1990) and Hanson and Briggs (1991) have found evidence from 
sites in western Norway (Second Storegga Slide) and northwestern Iceland for a possible major 
tsunami at circa 7000 years B.P. Giant submarine landslides in the Storegga area on the continental 
slope west of Norway took place on at least three occasions during the Late Quaternary (Dawson et 
al., 1993). This sums up the findings of numerous simulations. It could be shown that the German 
Bight is well protected against a tsunami wave by the shallow water of the Wadden Sea. This is not 
the case for the Dutch coast and the British Isles which would be significantly affected by a tsunami 
(Lehfeldt et al., 2007). 

Major floods such as the St Elisabeth Flood (18-19 November 1421) and the All Saints Flood 
(31 October to 1 November 1570) took tens of thousands of lives, and in one night took back what 
land had been reclaimed from the sea over hundreds of years (Phil. Trans. R. Soc. Lond. A, 2002). 
Despite historical precedents, catastrophes like hurricanes and tropical cyclones too often catch us 
unaware and unprepared (USGS, 2001). Northwestern Europe is tectonically more active, in terms 
of seismicity, vertical motions and volcanism, than would be expected from its location far from 
any plate boundaries (Goes et al., 2000). While there is no unequivocal evidence for large 
earthquakes having occurred on the NW European passive margin in historical times, neither can 
the possibility be rejected, and examination of the record shows one event in particular (in 1508) 
which may be a large passive margin event. Thus the regional maximum magnitude could possibly 
be larger than has hitherto been assumed (Musson, 2005). The hinterland of The Netherlands, 
comprising ca. 55 % of the country’s area, is to a large part situated below mean sea level with the 
deepest points at almost – 7 m (de Ruig, 1998). A 10m high tsunami that may hit the current Dutch 
defences will not just drown the 55% of Holland however, since most of the Dutch Delta is made of 
sands, water easily seeps through sands, will undermine the highlands and level them with the 
lowlands causing a catastrophic event which Holland had never experienced before, and it may well 
be the last one. 

Historically, the largest known British earthquake occurred on the Dogger Bank in 1931, with a 
magnitude of 6.1. Fortunately, it was 60 miles offshore but it was still powerful enough to cause 
minor damage to buildings on the east coast of England (Baptie, 2007). The 1508 earthquake 
mentioned above occurred before salt mining at huge industrial scale and gas exploration both 
inland and outland. Holland currently produces a quarter of planet earth’s salt. There is considerable 
debate about the cause of salt movements in the North Sea Basin in the Late Cenozoic. Some 
studies argue for a mid-Miocene tectonic rejuvenation (Ziegler, 1982; Rasmussen, 2009; Knox et 
al., 2010) whilst others invoke differential loading by increased sediment input (Clausen et al., 
2012, 2013). The author believes both theories combined are plausible and are cause for a great 
concern in modern times. With sediment load continuing to travel from the British and Irish 
continents through the southern North Sea to the Netherlands shores causing added gravitational 
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load and pressure, recent times salt mining on industrial scale, and 5000 gas fields explorations in 
the same area a likelihood of major and abrupt tectonic shift. A constant rate of gas extraction might 
lead to a likelihood of quakes that increases with time through the compaction of the reservoir layer, 
cf. (Bourne et al., 2014). This has resulted in many earthquakes in Groningen. Gas extraction from 
the Groningen gas field in the northern Netherlands has led to localised earthquakes which are 
projected to become more severe (van der Voort and Vanclay 2014). Pressure decrease associated 
with removal of sedimentary overburden on the Norwegian shelf has caused expansion of gas and 
resulted in expulsion of oil from the traps (Olesen et al., 2013). Future rock avalanches and 
landslides, triggered by earthquakes, could generate tsunamis in fjords and lakes and constitute the 
greatest seismic hazard to society in Norway (Olesen et al., 2013). The greatest tsunami heights are 
propagated laterally away from fault ruptures, in the direction in which the waves have greatest 
coherence (Fehr et al., 2004). While an earthquake may occur in Norway, the UK or Ireland, a 
resulting tsunami may hit the Dutch shores where most of the sediment migration propagates. With 
so many and constant dikes failures, and low dikes heights, there is no chance for Holland’s low 
lands survive one single tsunami. 

A substance like water is fluid and can seep through fine alluvial and sandy grains easily, and 
overtime can weaken structures like dikes and levees, and eventually erode them. This kind of 
structure requires constant monitoring and maintenance, and great amount of energy and human 
power to keep it functioning before a great sea surge demolishes it, or a natural or unnatural element 
may abruptly overwhelm Holland’s defense systems. Climate change aside as well as the expected 
and meandering change in sea level rise over thousands of years may be undone with a shift in the 
tectonic Norwegian Danish plates causing a tsunami of 10 m waves drowning the entire Holland 
low lands, which will be a catastrophe not experienced in all the past catastrophes that hit Holland. 
Considering most of Holland is rivers, channels, lakes and sea saturated the shift in sandy grounds 
will destabilize the highlands and join it with the low lands ending Holland as an inhabited country. 

Forest width is one of the most important factors in (tsunami) mitigation. Over the width of the 
forest, energy is progressively dissipated by drag and other forces created by tree trunks, branches 
and foliage, as well as the undergrowth, as the tsunami passes through the forest (Keith and 
Broadhead, 2007). Simulations show a coastal forest of 200 meters width reduced the hydraulic 
force of a three-meter tsunami by at least 80 percent, and flow velocity by 70 percent for all 
scenarios examined (Harada and Imamura, 2003). Approximately 80% of a 30 year old mangrove 
forest would survive a 5 m tsunami and absorb 50% of the tsunami’s hydrodynamic force 
(Yanagisawa et al., 2010). Four main functions to reduce tsunami disaster are found; 1) to stop 
drifts or ships carried by a tsunami, 2) to reduce tsunami energy, 3) to form sand dune protecting 
tsunamis as well as high waves, and 4) to catch persons carried back by a tsunami to the sea. 
However, it should be reminded that the coastal forests would be destroyed by a huge tsunami and 
floating material would cause secondary damage (Harada and Imamura, 2005). Human inhabitation 
should be encouraged more than 1 km from the shoreline in elevated places, behind dense 
mangroves and or other coastal vegetation (Kathiresan and Rajendran, 2005). There are more 
humans inhabiting coastlines than inlands, which makes it impossible to follow through Kathiresan 
and Rajendran’s first recommendation. However, elevation is possible at coastlines. In the case of 
mangroves, for any particular elevation or distance from the sea front, tsunami hazard is 
consistently lower for areas behind mangroves (Keith and Broadhead, 2007). 

Instead of the failure plagued dikes Holland require an elevated solid and lasting embankment to 
ward off not just seasonal sea surges but the biggest tsunami Holland may one day face. Holland is 
made of sands, and almost nothing else bar water. It has some of the biggest cement and steel 
factories in the world, and brilliant engineers who created Holland. By building the embankment 
with the raw material and manufacturing set up at home they can provide many years work for the 
Dutch labour market and build the embankment. A 2005 study of Maine’s coastal municipalities 
found both high real estate appreciation and a proliferation of high-priced houses-trends that 
typically raise taxes and drive out long-time owners, irreversibly altering land use and community 
traditions (Brookings, 2006). The pressure on the coastal zone is still increasing, and therefore the 
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spatial use becomes more intensive in the Holland coastal zone. There is an increasing need for high 
qualitative urban locations in a high quality living environment and the coastal zone can offer this. 
This is the major pull-factor for urbanisation in this zone (Eurosion, 2004). With increasing 
urbanisation of European coasts, the demand for shoreline defences and erosion control also 
increases (Marchand, 2010). With premium locations and views comes the risk of being close to the 
hazards of floods and storms. The risks associated with living along a coast are comparable to those 
experienced by people living on a river flood plain, near an earthquake fault, or close to a volcano - 
all carry the possibility of eventual catastrophe (USGS, 2001). To solve half the Dutch challenges 
with sea dikes failures they can purchase a few mountains from cash strapped countries like 
Estonia, Latvia, Lithuania, Belarus, Ukraine, Moldova, Romania, Slovakia, Hungary, Bulgaria, 
Bosnia and Herzegovina, Serbia, Croatia, Montenegro, Albania and Greece, and transport them in 
pieces to create a reliable embankment against sea surge. The Dutch have the finances, or can 
exchange for goods and services or investment. They can forgive a few debts in the exchange too. 
Holland spends massive funds to maintain and renew their dikes in an endless game of cat and 
mouse with the sea, when they can build an embankment which will last thousands of years for less 
amount of fund. Holland’s sea border is 350 km. Leaving 5 km for deltas and waterways the 
embankment will require 345,000 x 50 x 12 m = 207,000,000 m3 dirt behind a 12 x 12 m Hurrian 
Av Sila dam type. The volume of a mountain like Gerlachovský štít in Slovakia, an almost pyramid 
shaped, is around 14145840 m3 and is evaluated from its 4000 m base, 2655 m height and 5333 m 
area.  

V= 1/3Ah = 4000 x 4 x 1/3 x 2655 = 14145840 m3  

207,000,000 m3 ÷ 14145840 m3 = 14.633 mountains 

With the already constructed sea dikes 12 mountains would suffice. The reason for the 50 m 
embankment width is to sell at least 345 km as premium real estate (Figure 4). Once this plateau / 
embankment is built the Dutch won’t need to pump excess water from Holland out to the sea, and 
will save on the use of equipment, energy, labour, snow drift and flood catastrophes for another 
10,000 years. The presale of premium real estate will certainly pay for the construction of the 
embankment. It is a simple technology adapted by the ancient Hurrian to protect development in 
Moh Sila, current Mosul in Hourieland (Figure 3). While the dirt embankment will be supported by 
12x12m concrete structure it cannot stand alone as a solution without the use of natural defenses 
such as the use of Mangroves that fit the Dutch ecosystem. Such flora will withhold deposited 
rivers’ sediments as well as migrating sediments from the Irish/UK continents, and protect the 
embankment itself. Mangroves ahead of the embankment will absorb most of the tsunami surge and 
break its lower legs twirling it inward within itself before hitting the embankment. The mangroves 
on the embankment itself will too diminish most of whatever left of the 10m tsunami which will 
most definitely fall short of the 10m as it hits the embankment and may lower to 6m or less by then. 
The mangroves will act as a net dam of mangled and entangled trees absorbing and dispersing most 
of the tsunami hydrodynamic force before it hits the embankment. River deltas maybe exposed to 
the tsunami thus there need to be controlled gates that are accompanied by a tsunami early warning 
system, which should completely shut before the waves hit the Dutch shores.  

 The tsunami generated by the earthquake of December 26, 2004 was comprised of waves 
generated by slip on three segments of the plate boundary (Lay et al., 2005). The succession of such 
high elevation waves will have a devastating effect on the flat coastline. Spilling breakers are 
associated with gentle beach slopes and steep waves (Hughes, 2016). With mangrove forest in its 
way much of the first spilling breaker’s hydrodynamic force will be absorbed according to 
(Yanagisawa et al., 2010). The spilling breaker will be cushioned against the pile of 2-10m uprooted 
mangroves (Figure 5). This wave setup drives a seaward-directed current called undertow or bed 
return flow (Hughes, 2016). Whatever survives from the mangrove forest, which could be 50% will 
still act as defence mechanism when the uprooted mangroves are piled up and entangled with the 
surviving mangroves creating a cushion absorbing the hydrodynamic force of the second spilling 
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breaker, which will advance between 15-20 m from the first breaker (Figure 6). The third spilling 
breaker will advance between 5-10 m from the second spilling breaker due to the pile up of a net 
dam of uprooted mangroves that cushion the wave against the embankment and its trees, the wave 
barely reaching 6m high against the embankment, however the mangroves dam may reach as high 
as 14m at its upper tip (Figure 7). Most if not all the shallow lands mangroves may be destroyed 
with three consecutive 10 m waves, however, the trees on the embankment will survive. While the 
inhabitant on the embankment and beyond in the low lands will be safe from the three tsunami 
waves, any land creature and sea vessel caught up between the waves, the mangled mangroves and 
the embankment will hardly survive. 

 

Figure 3. Ancient Bash Tab / good plateau, part of ancient Moh Sila (sheep weir), current Mosul; a photo taken by an 
unknown US marine flying over the Tigris River while serving in Iraq in 2004. 

 

Figure 4. Google map of Holland. The Mangrove photograph courtesy of Science Daily. The Hurrian embankment 
illustration is designed and added by the author. 
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Figure 5. First tsunami wave progression. 

 

Figure 6. Second tsunami wave progression. 

 

Figure 7. Third tsunami wave progression. 

Therefore, after surviving the tsunami, there has to be regeneration of the lost mangrove forest 
not just to ward off sea surges and another tsunami, however, to claim more land through 
sedimentary deposits entrapped by the mangroves. Saline polders south and east of the proposed 
embankment structure can still have a boezem canal where the salt is harvested, and or a line of 
saline tolerant flora can be planted and used extensively for sheep and cattle farming. Once half the 
Dutch challenges solved it remains controlling the effects of the rivers Rhine and Meuse, their 
diversion channels and lakes within Holland and their North Sea tsunami gates which will be the 
subject of another paper solving the second half for 10,000 years to come. 

REFERENCES 

Baptie B. (ed.) (2007) The paragraph above is adapted from UK Earthquake Monitoring 2006/2007. British Geological Survey BGS 
Seisemic Monitoring and Information Service, Eighteenth Annual Report, Edinburugh British Geological Survey. 

Barnhardt W.A. (ed.) (2009) Coastal Change Along the shore of Northeastern South Carolina – The South Carolina Coastal Erosion 
Study. US Department of Interior, USGS. 



Water Utility Journal 18 (2018) 87 

Brookings Institution Metropolitan Policy Program (2006) Charting Maine’s future: An action plan for promoting sustainable 
prosperity and quality places. 146 p. http://www.brookings.edu/~/media/research/files/reports/2006/10/cities/maine (accessed 
January 2013). 

Dawson A.G., Long D., Smith D.E., Shi S., Foster I.D.L. (1993) Tsunamis in the Norwegian Sea and North Sea Caused by the 
Storegga Submarine Landslides. In: Tinti S. (eds.) Tsunamis in the World, Advances in Natural and Technological Hazards 
Research, vol 1. Springer, Dordrecht. 

De Ruig and Joost H.M. (1998) Coastline management in The Netherlands: human use versus natural dynamics. Rijkswaterstaat, 
National Institute of Coastal and Marine Management, Journal of Coastal Conservation, EUCC. 

de Ruig J.H.M. (1998) Coastline management in The Netherlands: human use versus natural dynamics. Journal of Coastal 
Conservation, 4(2): 127–134. 

Delta Programme | Coast (2017) Compass for the Coast, National Coastal Strategy, Ministry of Infrastructure and the Environment. 
Fehr I., Grossi P., Hernandez S., et al. (2004) Managing Tsunami Risk in the Aftermath of the 2004 Indian Ocean Earthquake & 

Tsunami. Editorial and Production Team: Canada Geological Survey, DigitalGlobe, RMS Reconnaissance Team in Thailand and 
Sri Lanka, U.S. Army Corps of Engineers, U.S. Geological Survey (USGS). 

Forbes and Broadhead (2007) The role of coastal forests in the mitigation of tsunami impacts. Food and Agriculture Organization of 
the United Nations, Regional Office for Asia and the Pacific, Bangkok. 

Goes S., J.J.P. Loohuis, M.J.R. Wortel, R. Govers, Vening Meinesz (2000) The effect of plate stresses and shallow mantle 
temperatures on tectonics of northwestern Europe. Research School of Geodynamics, Utrecht. 

Harada K., Imamura F. (2005) Effects of Coastal Forest On Tsunami Hazard Mitigation – A Preliminary Investigation. Kyoto 
University 

Harada K., Kawata Y. (2005) Study of Tsunami Reduction Effect of Coastal Forest due to Forest Growth. Kyoto University. 
Harding R. and Huuse M. (2014) Salt on the move: Multi stage evolution of salt diapirs in the Netherlands North Sea. University of 

Manchester, School of Earth, Atmospheric and Environmental Sciences, Williamson Building, Oxford Road, Manchester, M13 
9PL, UK Elsevier. 

Hoogheemraadschap van Rijnland (2009) Flood control in the Netherlands: A strategy for dike reinforcement and climate adaption 
Flood control in the Netherlands. The Rijnland Water Control Board. 

Hughes M., (2016) Coastal waves, water levels, beach dynamics and climate change. CoastAdapt, National Climate Change 
Adaptation Research Facility, Gold Coast. 

Jeffress Williams S. (2001) Coastal Erosion and Land Loss Around the United States: Strategies to Manage and Protect Coastal 
Resources- Examples from Louisiana, USGS, Coastal and Marine Geology Program. 

Jurjen and Grritsen (2002) Coastal modelling for flood defence. Delft University of Technology, The Royal Society. 
Kathiresan K., Rajendran N. (2005) Coastal mangrove forests mitigated tsunami. Estuarine, Coastal and Shelf Science, 65(3): 601-

606, doi:10.1016/j.ecss.2005.06.022 
Lay et al., (2005) The Great Sumatra-Andaman Earthquake of 26 December 2004. Science, 308(5725): 1127-1133, doi: 

10.1126/science.1112250 
Lehfeldt et al., (2007) Propagation of a Tsunami-Wave in the North Sea, Die Küste, 72: 105-123. 
Marchand M. (ed.) (2010) Concepts and Science for Coastal Erosion Management. Concise report for policy makers, EU, Sixth 

Framework Programme, Con Science, Deltares, Delft. 
Morris et al., (2007) Management of Flood Embankments: A good practice review. R&D Technical Report FD2411/TR1, Joint 

Defra/EA Flood and Coastal Erosion Risk Management R&D Programme. 
Musson R.M.W. (2005) The case for large (M>7) earthquakes felt in the uk in historical times. Seismology and Geomagnetism 

Programme, British Geological Survey, West, Ireland and UK. 
Olesen O., Bungum H., Dehls J., et al. (2013) Neotectonics, seismicity and contemporary stress field in Norway – mechanisms and 

implications. Geological Survey of Norway (NGU). 
Orr B., Stodghill A., Candu L. (2007) The Dutch Experience in Flood Management: A History of Institutional Learning. Case study 

prepared for Enhancing Urban Safety and Security: Global Report on Human Settlements. 
Pijpers F.P. (2017) Interim report: correlations between reservoir pressure and earthquake rate. Statistics Netherlands, scientific paper 

2017/04 
Prasetya G. (2004) Coastal Protection in the aftermath of the Indian Ocean tsunami. Chapter 4 Protection from coastal erosion, 

Thematic paper: The role of coastal forests and trees in protecting against coastal erosion, FAO. 
Sistermans and Nieuwenhuis (2004) Holland Coast (The Netherlands), EUROSION. 
Spatial Planning Unit (2001) Coastal Zone Management. Department of the Environment & Local Government, Ireland. 
Svendsen J.I., Mangerud J. (1990) Sea-level changes and pollen stratigraphy on the outer coast of Sunmore, western Norway. Norsk 

Geologisk Tidsskrift, 70: 111–134. 
Takagi H. (2017) Design Considerations of Artificial Mangrove Embankments for Mitigating Coastal Floods – Adapting to Sea-level 

Rise and Long-term Subsidence. Nat. Hazards Earth Syst. Sci., doi: 10.5194/nhess-2017-61 
Van Baars S., Van Kempen I. M. (2009) The Causes and Mechanisms of Historical Dike Failures in the Netherlands. Official 

Publication of the European Water Association (EWA). 
van der Voort N., Vanclay F. (2014) Social impacts of earthquakes caused by gas extraction in the Province of Groningen, The 

Netherlands. Department of Cultural Geography, Faculty of Spatial Sciences, University of Groningen, Groningen, The 
Netherlands, Elsevier Inc. 

van Rijn L.C., (2011) Coastal erosion and control. Ocean & Coastal Management, Elsevier, doi:10.1016/j.ocecoaman.2011.05.004 
Vergouwe R. (2016) The National Flood Risk Analysis for the Netherlands. Rijkswaterstaat VNK Project Office, Dutch Ministry of 

Infrastructure and Water Management. 
Williams A.T., Giardino A., Pranzini E. (2016) Canons of Coastal Engineering in the United Kingdom: Seawalls/Groynes, a Century 

of Change? Journal of Coastal Research, 32(5): 1196 – 1211. 



88 S.S. Mezour 

Wintrwerp et al., (2014) A sustainable solution for massive coastal erosion in Central Java, Deltares & Wetlands International. 
Witteveeen & Bos (ed.) (2016) Na-ijlende gevolgen steenkolenwinning Zuid-Limburg. Final report on the results of the working 

group 5.2.7 – small earthquakes, Projectgroup “Na-ijlende gevolgen van de steenkolenwinning in Zuid-Limburg”, The 
Netherlands. 

Yanagisawa H., S. Koshimura, T. Miyagi, F. Imamura (2010) Tsunami damage reduction performance of a mangrove forest in Banda 
Aceh, Indonesia inferred from field data and a numerical model. J. Geophys. Res., 115, C06032, doi:10.1029/2009JC005587. 

 


