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Like many other major port cities, Rotterdam faces increasing vul-

nerability to sea level rise. The Delta Committee (2008) anticipates a

sea level rise of 0.65 to 1.3 meters for the Netherlands by 2100, as

compared with 0.4 to 1.05 meter after Katsman et al. (2011).

Rotterdam has embarked on an ambitious plan to “climate- proof”

the city, anticipating up to 1.3 meters higher sea level and greater

winter rainfall (causing additional river flooding) by 2100. The

Delta Committee (2008) has therefore proposed to tighten current

flood risk standards by creating a “closable yet open” Rhine estuary

through new movable flood barriers that would divert water into safer

directions depending on hydraulic conditions. Other options include

introducing new interconnections within the existing canal and river

network or even building entirely new waterways. Added coastal

hazard protection from storm surges and sea level rise including rein-

forcing water defenses – the dikes and the neighborhoods beyond

the dikes – as well as undertaking appropriate land-use planning,

constructing water-adapted buildings, and allowing water to drain or

to temporarily retain excess rainwater. Large areas of unembanked

land reserved for future urban expansion will need to be raised by

1–1.5 meters to meet the revised base flood level (the minimum

threshold level for new buildings and infrastructure) requirement of

3.9 meters above the Amsterdam Ordnance Datum (Rijcken, 2010;

Van Veelen, 2010).

The Floating Pavilion, installed in June 2010, previewed other float-

ing districts planned for the Stadshavens section of Rotterdam. It

represents a prototype for future floating districts (Aboutaleb, 2009).

Floating homes already exist in various places, such as the sam-

pans in Hong Kong harbor and houseboats along the shores of

Lake Union, Seattle, Washington, and Sausolito, California. Former

barges, now comfortable homes, line the canals of Amsterdam and

Rotterdam. Rotterdam even boasts a floating three-star hotel in his-

toric Wijnhaven. Rotterdam foresees entire future floating residential

districts, complete with office complexes and parks, and willexpand
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Case Study 9.7 Figure 1 Multipurpose dike in Scheveningen, a coastal resort near the Hague, theNetherlands.
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its network of moats and canals. Impermeable concrete or asphalt

associated with urbanization prevents rainwater from infiltrating into

the soil and recharging aquifers and causes street and basement

flooding after heavy rains. In Rotterdam, excess rainwater is tempo-

rarily stored beneath municipal parking or in water plazas that also

serve as parks or playgrounds when dry. “Green roofs” also helps

curb excess runoff (Aerts, 2009).

Following the disastrous North Sea flood of 1953, which left 300,000

people homeless and caused 1,800 deaths, the Netherlands began

construction of the Delta Works (a series of dams, surge barriers,

dikes, and sluices along the Rhine-Meuse-Scheldt delta), which

closed off some of the estuarine outlets to the sea. Approximately

40% of the country lies below sea level, and an even greater pro-

portion is vulnerable to coastal or river flooding. The lowest areas

are highly populated and encompass the bulk of the nation’s eco-

nomic activity. Acceptable risk levels of dike failure were set at 1 in

10,000 years for North and South Holland; other high risk areas are

set at 1 in 4,000 years, and South Holland river flooding at 1 in

1,250 years. A movable barrier, the Maeslant Barrier completed in

1997, now closes off the New Waterway (Nieuwe Waterweg)

whenever a high storm surge threatens the city of Rotterdam and

surrounding dikes. These impressive engineering structures have

been designed for a sea level rise of only 20 to 50 centimeter per

century (Delta Committee, 2008), far short of the projected rise. Sea

level rise will lead to more frequent barrier closures: three clo- sures

per year for an 85 centimeter rise and an average of seven closures

per year for a 1.3 meter rise. The Delta Committee (2008) therefore

recommended that existing or new storm surge barriers should

withstand a worst-case scenario of regional sea level rise of 0.65–

1.3 meters by 2100, and up to 2–4 meters by 2200 (using the SRES

A1F1 emissions scenario) (Nakicenovicet al., 2000). Present flood

protection standards in the diked areas must be raised ten- fold by

2050. Dikes, such as a massive new one 1 kilometer long and 12

meters high under construction in the coastal resort of

Scheveningen, near the Hague, will serve multiple purposes (see

Case Study 9.5 Figure 1). It will be overtopped by a sweeping new

boulevard with broad stairways to ensure ready access to the

beach, which is also being widened to dampen the power of the

waves and buffer against floods.

Rotterdam, like many other delta or tidal river cities, faces inland

flooding as well as marine incursions. Dutch winters are expected

to grow wetter while summers become drier. Therefore, water man-

agement plans will defend against both inland and coastal flooding

and also ensure an adequate water supply during dry spells. New

developments beyond the dikes will be designed not to interfere with

river discharge or lake water levels.

Chapter 9 Urban Areas in CoastalZonesARC3.2 Climate Change and Cities

Case Study References

Aboutaleb, A. (2009). Rising water level approach offers opportunities.

Change Magazine: Water and Climate 5(1), 4–5.

Aerts, J., Major, D. C., Bowman, M. J., Dircke, P., and Marfai, M. A. (2009).

Connecting Delta Cities: Coastal Cities, Flood Risk Management and

Adaptation to Climate Change. Vrije Universiteit Press.

Delta  Commissie  (Committee).  (2008). Working  together  with  water: A

living land builds for its future. Accessed: http://www.deltacommissie

.com/doc/deltareport_full.pdf

Nakicenovic, N., and Swart, R., eds. (2000, July). Special Report on

Emissions Scenarios. Cambridge University Press.

Netherlands Statistics. (2014). Population dynamics Rotterdam SG,

Rotterdam 2012. Accessed: http://statline.cbs.nl/Statweb/publication/?

DM=SLENandPA=37259engandD1=0–1, 3, 8–9, 14, 16, 21–22, 24and

D2=0andD3=70, 92, 933andD4=0, 10, 20, 30, 40 (l-1)-landLA=ENand  

HDR=TandSTB=G1, G2, G3andVW=T

Netherlands Statistics. (2015). Land Use Rotterdam SG, Rotterdam 2012.

Accessed: http://statline.cbs.nl/Statweb/publication/?DM=SLENand

PA=70262engandD1=0, 2, 6, 16, 20, 25, 28, 31, 41andD2=71, 94,

600andD3=3–6andLA=ENandHDR=TandSTB=G1, G2andVW=T  

Peel, M. C., Finlayson, B. L., and McMahon, T. A. (2007). Updated world

map of the Köppen-Geiger climate classification. Hydrology and Earth  

System Sciences Discussions 4(2), 462.

Rijcken, T. (2010). Rhine estuary closable but open—An integrated systems

approach to floodproofing the Rhine and Meuse estuaries in the 21st

century. In Rotterdam’s Climate Adaptation Research Summaries 2010

(10–11). Accessed: www.rotterdamclimateinitiative.nl

van Veelen, P. (2010). Adaptive building is an important component of  

flood-proofing strategy. In Rotterdam’s Climate Adaptation Research 

Summaries 2010 (12–15_. Accessed: www.rotterdamclimateinitiative.nl 

World Bank. (2017). 2016 GNI per capita, Atlas method (current US$).  

AccessedAugust 9, 2017: http://data.worldbank.org/indicator/NY.GNP

.PCAP.CD

http://statline.cbs.nl/Statweb/publication/
http://statline.cbs.nl/Statweb/publication/?DM=SLENand
http://www.rotterdamclimateinitiative.nl/
http://www.rotterdamclimateinitiative.nl/
http://data.worldbank.org/indicator/NY.GNP

