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Lecture in  four parts

• North  Sea;; sea level  rise projections for 2100;;

• Coastal zone  policy  in  the Netherlands;;

• Trying to keep  salinity out

• Exploring saline  farming options;;



Sea  level  rise projections

• Global  average sea level  rise projections;;

• Regional aspects;;













Sources  /  contributions  to  global  mean  sea  
level  rise  in  mm/year







Sea  level  rise North  Sea

• Thermal expansion;;

• Ice  and snow melt on  land;;

• Antarctic ice  melt times 1.2  -­1.4  (due to mainly
gravitional effects);;

• Greenland   ice  melt times 0.3  – 0.4  (due to mainly
gravitational effects);;



best  guess  and  upper  end  sea  level  rise  projections   in  m
The  Netherlands,  KNMI  and  Delta  Committee.



Bron:  Rohling  et  al  (2007)



Subsidence 2050



Bron:  Acacia-­
water



Three  options  for  climate  proofing  
the  Netherlands  

in  view  of  sea  level  rise.

1.  Selective  retreat  towards  higher  grounds.

2.  An  offensive  strategy  by  moving  seaward;;

3.  Protection  within  existing  contours  with  two  
different  options



Option  1  retreat  to  higher  grounds  



Option  2:  offensive  strategy



Option  3  a:    protecting  within  existing  
boundaries,  closed  version”



Option  3  b:  protecting  within  existing  
boundaries,  “open  version”
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Nourishment of the 
coastal sand-river

1. Tidal

Images Courtesy RIKZ



Competing  plan  for  the  coastal  defence in  North  
Holland  near  den  Helder.





Examples  of  existing  broad  
(super)  dikes,  “unbreakable  dikes”



Photograph of multifunctional flood defence in Hamburg, Germany
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Create  a  new  barrier  (island)



Cost  of  maintaining  flood  safety
for  the  Netherlands

Now:  about  2  billion  euro  per  year  
is  about  0,4  %  of  GDP;;

Additional:   for  a  1  meter  sea  level  rise and  higher  river  peak  
discharge   is  estimated  at  2  billion  per  year,  thus  a  doubling  

of  annual  cost  from  0.4  to  about  0.8  %  of  GDP.  



A  defensive  strategy  is  feasible  for  the  
time  being  but…..

• Saline  groundwater  levels  are  rising  
through  three  mechanisms:

– Drainage  and  lowering  of  groundwater  table  for  agricultural  
production  reasons  brings  geo-­historic  (relict)  saline  groundwater  
closer  to  the  surface;;

– More  persistant droughts  due  to  climate  change  reduce  the  fresh  
water  lens  and  bring  saline  groundwater  closer  to  the  surface

– Sea  level  rise  increases  the  saline  groundwater  pressure,  thus  
pushing  up  the  saline  groundwater  level  upward;;







Four  ways  to  produce  food  
under  more  saline  conditions  

• Making  existing  fresh  water  crops  more  salt  tolerant  by  breeding  and  
selection:  patatoes,  carrots,  tomatoes,  oats,  barley,  etc..

• Market  development  for  traditional  halofytes like  salicornia/sanfire,  
Cordgrass,  Spiny  Sea  Plant,  Papery  Sea  Bubble;;

• Breeding  of  shell  fish  like  cockles,  other  scallops,  clams,  mussels,  
oysters  etc…within or  outside the sea defence system

• Seaweeds;;

PM  presently  world  wide  area  of  salinized  soils  is  1  billion  ha.  and  growing.





Saline agriculture

WATER SALINIZATION

98% salt water 
and only 2% fresh,

1% is available

Shortage of fresh water

70% water use by agriculture

Produce more food 
with less water

WHY?

1 billion ha salt affected

Plus 3 ha per minute

$27 billion crop salt damage



Possibilities and opportunities for salt tolerant crops



Classification of salinity

Traditional agriculture: no growth beyond 1.7 dS/m
Can we find crops that can cross that threshold? (dS/m is deciSiemens per	
  metre)



Open-air lab of Salt Farm Texel
Determining exact level of salt tolerance



7 salt concentrations, 8 repetitions, 56 plots of 160 m2, 1 hectare total 

Salt Farm Texel - Test facility



Ice plants in our foil greenhouse
also cucumbers and tomatoes



And also selection trials with lettuce (80 varieties)
and strawberry (45 varieties)

2015: a.o. 220 different varieties of potato screened
for salt tolerance. 2016: 300 tests with 30 different crops

Focus on potatoes. Also onions, carrots,
cereal, fodder, cabbages, beets, halophytes…



Potatoes
different varieties react different to salt



Potatoes
Still yield at half seawater



Same yield with carrots and onions





Yield at 8 dS/m is around 30 tons/ha (50% higher than average)
Various locations also 50% water saving (usage of brackish water)

(picture taken in Sindh, Pakistan, saline sodic soil)

Pakistan 2015-2016 season



Bangladesh
Salt tolerant carrots, 2017



Bangladesh
Salt tolerant carrots, 2017



Ghana



In  summary  (1)
• Sea  level  rise  very  likely  to  accelerate  in  the  years  to  
come…..

• Maintaining  a  fresh  water  environment  by  reïnforcing
coastal  protection,  fresh  water  flushing,  pumping  and  
selective  draining… is  feasible for the time  being but  
costs are  likely to increase considerably over  time;;

• In  the longer run  increasing crop damage must  be
expected due to rising saline  ground water  levels  as  a  
result of  droughts and sea level  rise and/or  more  
frequent  flooding by sea water;;



In  summary  (2)
• Systematic  tests  and  selection  of  crops  has  
demonstrated  that  traditional   type  of  crops  can  grow  
under  more  saline  conditions  than  indicated  by  
agricultural  guidelines  and  general  wisdom.

• Especially  premium  food  products  can  succesfully be  
grown  in  present  day  moderately  saline  environments  
around  the  North  Sea.

• Crop  selection  and  knowledge  on  how  to  grow  crops  
under  moderately  saline  conditions  and  how  to  use  and  
maintain  soil  fertility  has  an  enormous  world  wide  
potential,  for  food  and  farmers  income.  



thank  you  for  your  attention


