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Logistic information

Three  main stops:

Stop 1: UNESCO World Heritage site ‘Kinderdijk’ – ca. 30 minutes 

Brisk morning walk along footpath in polder (1030 – 1100h)

Stop 2: Polder ‘De Vergulde Hand’ – Holocene geology and archaeology – ca. 2 hours

Field Lunch and 3 activities, rotations in subgroups (1230 – 1430h)

Stop 3: Mega-nourishment ‘Sand Engine’ and modern SLR – ca. 1.5 hours 

Walk across coastal dunes to beach and sand-nourishment (1600 – 1730h)

Transfer to dinner location (Naaldwijk) with the same bus (1800 – 2130h)

Transfer back to Venue (Utrecht Science Park) with same bus (2230h arrival in Utrecht)

See front page map for approximate timing of arrivals of the various stops.
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Fig. 1 - Digital elevation map of Holocene deposits in the Netherlands; c. 50 % of the surface area
of the Netherlands consists of Holocene delta and coastal deposits, and c. 50 % of the Holocene
surface is at present situated below mean sea level. Most of the areas that are situated below
mean sea level have thick peat layers situated at shallow depths. The grey areas contain deposits
of pre-Holocene age at the surface. Figure after Koster, 2017.

Excursion route during the day indicated with dashed black line.
The black square is the polder ‘Alblasserwaard’: morning drive to Kinderdijk Stop 1 – see Fig. 3.

end of day

lunch morning



Drive-by: Lek River and weir ‘Hagestein’

River Lek

The low lands of the Netherlands are the Rhine Delta and adjacent coastal plain which together

comprise about half of the country (Fig. 1). Regulating surface water is therefore very important to

ensure the viability and safety of the country. The Netherlands has approximately 1000 years of

experience with adaptation and mitigation strategies to use the delta plain and its rivers

economically, and meanwhile prevent the area from flooding. The dikes along the river and the

weirs and groynes in the river are each measure to regulate river flow through the country and to

deal with variable discharge. To ensure navigability of the river and safety of the polders on

opposite sites of the dikes, works in the river and dike height and strength are regularly reassessed.

The River Lek is the middle one of three present day distributary branches of the Rhine. It carries

22% of the discharge of the Rhine River. In the 1950s, a series of weirs was constructed in this

branch. The excursion passes the weir at Hagestein (Fig. 2a). The weirs serve to regulate division of

discharge between the river branches. Hereto, at normal river discharge the weir is closed. At

increased discharge, the weir is opened. During peak discharge the embanked floodplains between

river and dike are allowed to flood (Fig. 2b). Opening of the weir happens c. 45 days/year. Rising

relative sea level means that inland ‘backwater effects’ increase (besides tides) and the critical

water levels for opening and closing the weirs may change.
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Fig. 2a – The Hagestein weir in the Lek River. River flow is from right to left. The photo shows the weir closed at
normal discharge. The weir is opened during river peak discharge. 2b – Inundation of the embanked floodplain
of the Lek River in 1993 during peak discharge (source: RWS).



Drive-by: Polder ‘Albasserwaard’

Polder ‘Alblasserwaard’. Reclaimed 1100-1250 AD. Gently water managed since.
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Fig. 3 - Digital elevation map of polder ‘Alblasserwaard’ shows that it is situated below mean sea level 
(TNO-GSN; compiled for this excursion guide). The river embankments are elevated up to 15 m 
above mean sea level

The Rhine Delta and coastal plains are fully reclaimed and compartmentalized into

numerous regions or ‘polders’. Polders are areas enclosed by dikes, with water levels kept at

artificial lows. Most polders are centuries old. The polder ‘Alblasserwaard’, reclaimed in the

12th and 13th cy, is situated between tidal-river reaches of main Rhine delta branches,

The subsurface of the polder primarily consists of peat and clay, intersected with former

sandy fluvial channel belts. Centuries of artificial low water levels caused the peat to oxidize

and compress. As a consequence, the polder experienced subsidence, and is almost entirely

situated below mean sea level (Fig. 3). Only the former sandy channel belts and the dikes

enclosing the polder are elevated above mean sea level. At present, the subsidence

progressively continues, with rates between c. 1 – 2 mm/yr (Caro Cuenca et al., 2011). The

low-lying polder has frequently been flooded; the most frequent flood was in 1953.



Stop 1: UNESCO World Heritage site ‘Kinderdijk’

The windmills of ‘Kinderdijk’

To maintain surface water levels in reclaimed polders in the delta and coastal plains at

artificial lows, series of water pumping windmills were constructed throughout the

Netherlands. The first windmills to serve this purpose were constructed in the 14th century.

By then, the peat-rich reclaimed polders had subsided below sea- and river-water levels.

Consequently, natural water gradients inside polders could not be used anymore for

drainage. The windmills enabled the drainage of the polders. In parallel events, agricultural

practices inside the polders changed from wheat growth to dairy farming, initiating the

world famous Dutch cheese industry (e.g. Goudse-, Edammer cheese) (Van Dam, 2001).

The series of windmills of ‘Kinderdijk’ (Fig. 4) from the first half of the 18th century at the

confluence of the Lek with the Rotterdam estuary tidal rivers (Noord, Nieuwe Maas). From

1740 to 1940 these functioned to keep ditch water levels and groundwater tables below

surface in the ‘Alblasserwaard’ (Fig. 3): a medieval-reclaimed clay-covered deltaic peat land

polder. At present, electricity driven pumping stations have this function. Since 1997, the

‘Kinderdijk’ windmills and supporting canals are a site with UNESCO World Heritage status.
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Fig. 4 – a) Series of windmills at ‘Kinderdijk’ (photo: Wikipedia), b) timeline of need for more milling / 
pumping capacity with aging of the medieval reclamation (Schengenga et al. 2013) . The 
polder side is behind the wind mills in the photo (left in panel b). The water in front of the 
mills is  the ‘bossom’ (middle of panel b): the polder compartment used to collect the wind-
milled waters and route and release them to tidal river and sea (at low tide, free flow).

14th cy – Polder water management formally organised 

arable land                   pre-bossom dike     tidal river

arable land                      first bossom dike     tidal river

17th cy – wind-energy lowered  polder water, bossom areas allocated

18th cy – two-staged wind-milling, using a low and a high bossom compartment           

arable land                      low bossom high bossom dike     tidal river

19th cy – wind mills replaced by steam-powered pumping stations 

arable land                      low bossom high bossom dike     tidal river

20th cy – pumping stations further modernized (diesel-electric, electric)

arable land                      low bossom high bossom dike     tidal river



Rhine-Meuse delta geological history

Last Glacial, Lateglacial, Early Holocene – Valley surface: buried by the younger delta

Middle Holocene, Late Holocene, Anthropocene – Avulsing channels of burying delta plain
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Excursion route
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-15  -5  +5  +15 m: indicative depth of 
buried paleovalley floor relative to MSL
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Netherlands coast and delta sea-level history
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Netherlands coastal plain and delta palaeogeography

10Have an ANDROID smartphone? Search google play for “Deltares Paleomaps”
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11Have an ANDROID smartphone? Search google play for “Deltares Paleomaps”
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Drive-by: Rotterdam large delta-city and harbour

The Port of Rotterdam

Rotterdam as a town was founded in the 13th century at the confluence of the Meuse river

and the Rotte tidal creek into northerly peat land. The toponym Rotterdam means ‘dam in

the Rotte’ and reflects a measure of occupants against relative sea-level rise. The people

along the Rotte were forced to dam their creek because of peat land subsidence, that they

had triggered themselves by draining it. The dam prevented saline water to enter the

hinterland and allowed the Rotte channel to be used as a ‘bossom’ (similar to the system

shown at Kinderdijk). In the 19-20th cy (compare Figures 13 and 14), Rotterdam became the

largest harbour of Europe (present global top 5).

The bearing capacity of the Rotterdam shallow subsoil is low, and requires deep foundations

for most constructions. Also, great volumes of man-made ground have been brought-up

locally. Older natural peaty subsoils, have been compressed and pushed down below

groundwater levels. Applying such overburdens, with hindsight has mitigated the impacts of

peat oxidation and surface subsidence. Areas that have not received antropogene

overburdens, occur north of the city and at present experience 1–2 mm/yr surface lowering

(Van de Borne et al. 2016). As a consequence, Rotterdam is at present an elevated height in

a low-lying coastal plain (Koster, 2017) – See Figures 15 and 16.

12
Fig. 13 – Satellite image of Rotterdam and its harbor (NASA World Wind engine).

Rotterdam

North Sea



Lower Rhine-Meuse delta - Historic situation 1850
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Holland Human-Induced Land Subsidence
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Fig. 16 – Subsidence and peat near Rotterdam, with a) Accumulated thickness of Holocene peat, b) Present-day
topsoil composition and c) Anticipated subsidence in the area owing to combined peat compression and oxidation,
under continued groundwater-table lowering (business as usual). Urban areas are less prone to subsidence than
agricultural areas. From Koster (2017).

Delft

Rotterdam

Gouda

Present-day topsoil (upper few dm)

Man-made ground | Clay | Peat

‘overburden-compression had already occurred’

‘compression still to occur, and oxidation loss’



Stop 2: Polder ‘De Vergulde Hand West’ - Vlaardingen

Outline of program (two hour stop)

Hand out of field lunch

Split up the group – rotation of activities C-B-A / A-C-B / B-A-C 

A. Impact of SLR at present, delta land use change, 
managing soft soils, new vs. legacy occupation

• Growth of Vlaardingen, urban and commercial  

• Growth of Rotterdam harbour, deeper harbours    - Figures 17-21

• Subsurface infrastructure (e.g. tunnels)

B. Impact of SLR (pre)historic: loss and regain of land, Iron Age, Roman Age, Medieval 
reclamation.

• hand corings along ditch (Edelman auger and gauge) - Figures 22-28

• top sections of mechanical corings

C. Impact of SLR: Holocene transgression. Drowning of valleys to become delta. Basal Peat. 

• Middle sections of mechanical corings (post-drowning tidal)

• Lower sections of mechanical corings (pre-drowning fluvial)      - Figures 29-31

15

Fig. 17 - Vlaardingen c.1550 AD,  
Map by Jakob van Deventer.
Madrid Spanish royal library

Stop 2



Map Series Stop 2

Fig. 18 Situation 1905 (highway and future Blankenburg tunnel for reference)
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Fig. 19 Situation 1948 (highway and future Blankenburg tunnel for reference)

Source: Ontwerp-Tracebesluit Blankenburgertunnel (RWS 2018: Bijlage A Vormgevings- en inpassingsplan). National topographic map series.

= Site Vergulde Hand West

= 1 km2



Map Series Stop 2

Fig. 20 Situation 1974 (highway and future Blankenburg tunnel for reference)
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Fig. 21 Situation 2009 (highway and future Blankenburg tunnel for reference)

Source: Ontwerp-Tracebesluit Blankenburgertunnel (RWS 2018: Bijlage A Vormgevings- en inpassingsplan). National topographic map series.

= Site Vergulde Hand West

= 1 km2



Stop 2: Polder ‘De Vergulde Hand’ - Vlaardingen

Drained, drowned and reclaimed polder landscape

The polder ‘De Vergulde Hand’ is situated on the border of the Meuse Estuary flood lands

and medieval-reclaimed peatlands of the coastal plain interior. The site offers a prime

example of how the impacts of relative sea-level rise have affected humans in prehistoric,

historic times, and are affecting at present. The area has a very rich, multi-phased

archaeological occupational record that was systematically excavated and studied in

multidisciplinary project between 2000 and 2010 (Eijskoot et al., 2011). Figure 22 on the

next page illustrates the reconstruction, further summarized below (Vos & Eijskoot 2011).

The area was inhabited from the Late Bronze Age to the Middle Ages. During the Bronze Age

(2000 – 800 yr BCE) and the Early Iron Age (2800 – 2500 yr BCE), the peatlands were only

sporadically inhabited. This changed however during the Middle- to Late Iron Age and

onwards (500 – 12 yr BCE). During this early period of habitation, the peat swamps were

periodically flooded during storms. From this period, the oldest water management

infrastructures in the area are known: dams to regulate the surface water in the peatlands.

The peat in the swamps could eventually form several meters above sea-level. In this period,

the peat was partially drained to facilitate agriculture and was invaded by water from the

estuary. This caused the peat to rupture and transform into floating islands. Eventually, the

peat was entirely flooded and covered with a clay layer. The overburden of the clay caused

further compression of the peat, resulting in land subsidence. The sunken area remained

modestly inhabited during Roman times (12 yr BCE – 250 yr CE), and appears fully

abandoned in the Dark Ages (Late Roman and Early Medieval times; 250 – 900 yr CE). In

absence of humans, a new phase of peat formation commenced.

Then, in the 11th or 12th century CE, the re-established peatland was reclaimed. New ditches

were cut to transform the area into a polder for agricultural purposes, protected from the

Meuse estuary flood waters by the Maassluisse Dijk dike. These ditches and dike are still

present today. As in iron-age and Roman times, the drainage induced substantial land

subsidence. The polder surface nowadays is maintained at 2 m below mean sea level.
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Map Series Palaeogeography

20

3850 BCE 500 BCE 

100 CE2750 BCE

800 CE1500 BCE

outline
= muncipality

Vlaardingen

Stop 2 site location

Fig. 23 – Zoomed in crops from paleogeographical map series Figs 10-12. From: Vos & Eijskoot, 2011



Map Series Palaeogeography

21

1500 CE

Have an ANDROID smartphone? Search google play for “Deltares Paleomaps”

Fig. 24 – Vlaardingen and surrounding c. 1500 AD - From: Vos & Eijskoot, 2011. Legend in English provided below



Stop 2 – Activity B - Materials

Clay cover from rivers and estuaries expanded over peat land 
– in some places following prehistoric early reclamations 

22
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1) Oxidation and 2) Compression



Stop 2 – Activity B – Materials  

2006-2008 archaeological excavation pictures Vlaardingen De Vergulde Hand West – Eijskoot et al. 2011

Fig. 27 - Example evidence of oldest phase of ditch cutting (c. 1 BC/AD), with later clay fill

Fig. 28 - Example excavated structures: Roman Age last house on subsiding peaty top soil
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Equivalent location Stop 2

Stop 2 – Activity C – Site Geology

Medieval 
Dike

Late Holocene
tidal clay flood deposits
Alternated with peats

Middle Holocene

Tidal basin

Lateglacial

Braided river

8.45 ka

c. 11 ka

c. 8.2 ka

c. 1 BC/AD

c. 5 ka

24

Core C

Core A Core B*

Older overburden
and tidal deposition

Recent overburden

Recent phase

toe Core B was selected for further 
archaeological prospective research

Cores A and C were handed over to 
Utrecht University for 
research/education purposes –
including this excursion

+5

MSL

-10

-20

Figure 29
Build up of Holocene delta 

at the Maassluisse Dijk.
From Huijzer 2017, with 

excursion annonations.

Section location: 1 km 
west of Stop 2, future 

location Blankenburg tunnel,
to be constructed 2018-2022



Rotterdam sea-level jump 8.45-8.2 ka BP

25

Fig. 30 Landscape reconstruction of drowning of Mesolithic site ‘Yangtzehaven’ (location: 
Maasvlakte seaward harbour extension, 10 km west of Stop 2. See also Figs. 32-33). 
From Moree & Sier 2015, incorporating Hijma & Cohen 2010 and Vos et al. 2015.

Fig. 31  Relative sea-level rise at base of Holocene based
on sites ROTterdam, MSS Maassluis (= Stop 2) 
and MVL Maasvlakte (= Figure 30). From Hijma & 
Cohen 2010. Original figure caption included.

8000 
cal BP

8200 
cal BP

8450
cal BP

8700
cal BP

Lateglacial dune landform with Mesolithic inhabitance
in  Early Holocene Rhine valley, about to be transgressed.

Peat swamps encroaches the dune foot first…



Stop 2 – Activity C - Materials
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Drive-by: Mega storm surge barrier ‘Maeslantkering’

Coastal protection

To protect the Rotterdam harbour against storm surge induced flooding, the

‘Maeslantkering’ was constructed in the 1990s. Due to the economic importance of the

harbour, a permamently closed barrier was not an option. Instead, a barrier was constructed

that could be closed during storms causing an increase in water level height of 3 m above

mean sea level, and kept open during normal weather conditions. The barrier is one of the

world’s largest moving structures.

The barrier consists of two gates, that are floated in and then are sunk to close the barrier.

They are 22 m high and 210 m long. The arms of the gates are attached to shore with a ball

shaped joint that allows the gate to move freely under influence of wind, water, and waves.

The total construction costs were 660 million Euro. Add maintenance costs to this.

Since its construction finished twenty years ago (1997). It has been operated twice because

of a large storm surge: 8 November 2007 and 3 January 2018 (Figure 33). Test closures of

the Maeslantkering are performed once a year.

27

Fig. 33 ‘Maeslantkering’ storm surge barrier closed in anticipation of storm surge 3 January 2018 (photo ANP).

Drive by

North Sea

Rotterdam

Hook of Holland

Maasvlakte Harbour Extension
Stop 3 beach



Stop 3: Mega-nourishment ‘Sand Engine’

Mega-nourishment of the Holland beach barrier system

Historically, the storm surge flood defence in the Netherlands has made use of the natural

beach and dune geomorphology. In places, engineered artificial structures were added. Such

hard structures are costly in construction and maintenance and have negative impacts on

eco-systems and water-sediment balances. Softer coastal engineering solutions would be an

alternative and large scale experiments to test this are conducted. Behold the ‘Sand Engine’.

The ‘Sand Engine’ was created in 2011 as a sandbar-shaped peninsula. Waves and wind will

rework the ‘Sand Engine’, transport and spread the sand along the adjacent coast, supplying

the original beach and coastal dune system. Creating the ‘Sand Engine’ required to move

21.5 million m3 of sand dredged from a few km offshore - beyond 20 meter depth, to not

disturb the natural beach system - at a cost of 70 million Euros. A cheap deal because the

2008-2010 financial crisis had kept a fleet of hopper-dredge ships stand-by in the nearby

Rotterdam harbour. The supplied volume should last until c. 2031. The Sand Engine’s

dynamics are monitored by a consortium of institutes in the Netherlands (Figs. 34 & 35).

• FOTO
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Fig. 34 – Sand Engine from the air (RWS commissioned photo series – views to the south) in 2011 (a,b),
2012 (c,d), 2013 (e), 2014 (f), 2015 (g), 2016 (h), and 2017 (i). Compilation: Rutten (2018).

c. 1 km2
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Beach access
“The Coast”

Stop 3

500 m walk
Bus

4 km walk
= 1 hour

Predicted tides at 28 Aug 2018 [Scheveningen]
Low Water 12h45  -0.45 m
High Water 17h39 +1.15 m

Planned arrival at this stop:  16h00
- Time for Beach walk, but don’t go too far
- Time for Refreshment at ‘The Coast’

IMPORTANT! TIMES TO LEAVE THIS STOP
- Gather at ‘The Coast’ access point  17h30
- HEAD COUNT and walk to bus together 17h45
- Bus planned to leave 17h55

Fig. 35 – Lidar elevation data dd. 2016 of the
Sand Engine mega nourishment area.
Figure produced by KMC using RWS
data and BING maps background data.

Stop 3: Mega-nourishment ‘Sand Engine’
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c)

b)

Sea-level change at the Dutch coast
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Stop 3: Mega-nourishment ‘Sand Engine’

The purpose of the ‘Sand Engine’ is to strengthen the Dutch coast against sea-level rise. In

the past century, observed sea-level rise was in the order of 1.5-2.0 mm/yr. In the next

century, these rates are projected to increase as a result of climate change (Fig. 36).

The projected sea-level rise scenarios for the Dutch coast range between 0.2 and 1.2 m by

2100, depending on the amount of greenhouse gas emitted (Vermeersen et al, 2018).

These projections include changes in: 1) ocean density and dynamics; 2) ice sheet and

glacier mass changes, 3) groundwater extraction and 4) glacial isostatic adjustment. For

the Dutch coast, the changes are projected to be around or slightly above the global mean

sea-level change. The projections exclude potential rapid changes in Antarctica causing

additional sea-level rise of several decimeters up to a meter. The projections also do not

include local coastal land subsidence, which would also amplify the effect of sea-level rise.

Fig. 36 – Observed (black; based on tide gauges) and projected sea-level change (m) for two scenarios,
for site Den Helder, NL (Vermeersen et al., 2018). Shading indicates the 5-95% uncertainty range.
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End of Excursion - Dinner location – Home journey

Conference dinner
The conference dinner, sponsored by TU Delft, takes place at 
Restaurant Leonor Fini, at the Fletcher Hotel-Restaurant Carlton in Naaldwijk
We will enjoy a 3-course menu.

Home journey
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After the conference dinner, the touring bus will drive us 
from the restaurant to Utrecht Science Park ‘De Uithof’, 
where we plan to arrive around 22.30.   

INQUA-PAGES 
Conference for Early-Career Researchers

Impacts of sea-level rise from past to present

Back to bus at end of Stop 3
Gather at ‘The Coast’ at latest 17h30. We do a head count. 
We walk back to the bus together. Leaving the beach at The Coast at 17h45
We are back at the bus, all aboard at 18h00 to drive to the Dinner location


