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Wereldkaart met lichtjes
• Note: 6.5% van de wereldbevolking is 

vandaag de dag in leven (Population 
reference Bureau, Washington, 2011)

• We can clearly see the outline of the 
continents, especially. 1) we like to live 
at the coastal zone. 2) his is because we 
are with many and

Some statistics to chew on for you way 
home: todays world population is 6.5% of all 
humens ever lived.

We zijn met veel

En we leven graag aan de kust
NASA
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Deltas zijn aantrekkelijk!

• Dichtbevolkt

• Vruchtbare bodems

• Grondstofrijk

• Unieke/waardevolle
ecosystemen

 Hoge economische waarde

geosociety.org

Presenter
Presentation Notes
Today over 500 million people live in delta’s today, mostly in mega cities.Also vulnerably,  low lying areas at sealevel with a fragile balance -From Giosan et al 2014 (Nature):More than 500 million people worldwide live on deltas, many in sprawling megacities such as Shanghai, Dhaka and Bangkok. Conservative estimates value major deltas worldwide at trillions of US dollars in terms of economic revenue and ecosystem services.Input plaatjes van Shanghai, Dhaka, Bangkok.
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Deltas zijn laaggelegen

Presenter
Presentation Notes
However our delta’s are at risk. These low-lying and flat areas are very vulnerable to changing conditions. Also vulnerably,  low lying areas at sea level with a fragile balance
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Veranderingen in deltas

Selection van 
problemen:
Zeespiegelstijging
Overstroming
Verzilting
Bodemdaling

Presenter
Presentation Notes
Misschien niet
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Bodemdaling in Nederland

 Forot

Bodemdaling door menselijk
landgebruik:
i. On average: 2.0 m
ii. Maximal: 12 m

Bunker bij
Maarssen

Erkens et al.
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Absolute zeespiegelstijging versus Bodemdaling

Bodemdaling
6 – 100 
mm/year

Deltares

Relative zeespiegelstijging!

Presenter
Presentation Notes
So How bad is it?
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Veel deltas wereldwijd zakken steeds sneller!

Presenter
Presentation Notes
Misschien niet
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Mekong delta

>50% below 1 meter above SL
Minderhoud et al., 2019 (Nature 
Communications

Presenter
Presentation Notes
The Mekong delta, in Southeast Asia. Where the Mekong river reaches the ocean all the way from the Himalayas3e Largest delta in the world and also one of the lowest elevated delta’s, with over 50% elevated less than 1 meter above sea levelIt is also one of the fastest growing deltas during the Holocene. The coastline was in cambodia but now it lies 200 km into Vietnamese territorySoft deltaic sediments that like to compactTremendous amount a GW extraction from the thick, multi-aquifer system underlying the deltaRecipe for subsidence!!
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Exploring the delta
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Bodemdaling in de Mekong delta

Erban et al. 2014
measured subsidence
2006-2010

Original delta 
surface
Present delta 
surface

Grondwaterput

Presenter
Presentation Notes
Opbouwen met model studie. Bij klik
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Bodemdaling in de Mekong delta

Oppervlakkige bodemdaling, zichtbaar rondom bruggen en gebouwen

Diepe bodemdaling, zichtbaar rondom waterputten

Wat veroorzaakt bodemdaling in 
een delta?



Future Deltas



Future Deltas

Bewijs van menselijke invloed op bodemdaling
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Natural Agriculture

High natural compaction at the coast

Urban

Minderhoud et al., 2018. Science of the Total Environment

Bewijs van menselijke invloed op bodemdaling
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Onion farms

Shrimp farms

RiceFruit 
farms

Fish farms

Photos: Minderhoud

Mekong delta‘Rijstkom’ van Vietnam

Extracted volume increased ~500% since 2000!

Presenter
Presentation Notes
Largest delta in the worldSoft deltaic sediments that like to compactTremendous amount a GW extraction from the thick, multi-aquifer system underlying the deltaRecipe for subsidence!!
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Grondwater komt uit de ondergrond

Over 500 m thick in some areas

Presenter
Presentation Notes
Largest delta in the worldSoft deltaic sediments that like to compactTremendous amount a GW extractionRecipe for subsidence!
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Result van 25 jaar grondwateronttrekking:
Druk in de watervoerende pakketen neemt af

Monitoring wells 
near Can Tho
Representable for 
the situation in the 
whole Mekong delta

Presenter
Presentation Notes
Largest delta in the worldSoft deltaic sediments that like to compactTremendous amount a GW extractionRecipe for subsidence!
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Grondwaterstandsverlaging zorgt voor
klei compactering  Bodemdaling

Galloway et al., 1999
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Klei deeltjes gedragen zich net als vuile vaat

‘Natuurlijke’ sedimentatie van vaat: 
Veel porie ruimte

‘Herorganisatie’ van borden: 
Weinig porie ruimte
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Onderzoeksvraag
Hoeveel bodemdaling wordt er veroorzaakt door 
grondwateronttrekking?

Approach
3D computer model

Wetenschappelijke disciplines:
Geologie, Hydrogeologie, Geotechniek, Aardobservatie
(Remote sensing)
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Modelled extractions

Hydrogeologisch computermodel

Geological boreholes and cross-sections

3D hydrogeological 
subsurface model

Model dimensions: >400x300 km
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Scientific video abstract of Minderhoud et al.,
“Impact of 25 years groundwater extraction on subsidence in the Mekong delta, Vietnam

Environmental Research Letters: https://www.youtube.com/watch?v=cMr_BKzY4lU

https://www.youtube.com/watch?v=cMr_BKzY4lU
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Model resultaten: 
Waterstandsverlagingen na 25 jaar grondwateronttrekking

Minderhoud et al., 2017
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Berekende bodemdaling door 
groundwateronttrekking

Minderhoud et al., 2017

Bodemdalingsnelheden liggen veel hoger dan 
absolute zeespiegelstijging!
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Bodemdaling is aan het versnellen!

Minderhoud et al., 2017

Presenter
Presentation Notes
When looking at 5 year increments of the model results, the increase in groundwater extraction subsidence rates is clear. From delta average values of 0,4 cm/yr to 1,1 cm/yr.In the graphs below a detailed model output at two locations can be seen. With the observed and modelled hydraulic head drop and the modelled and InSAR measured subsidence (dots). (if people ask, the wiggle line of the subsidence is caused by seasonal swelling of sediments during wet season that cause the delta surface to rise a little bit)
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Hoe ziet de toekomst eruit?
Verschillende scenarios van grondwateronttrekking

Minderhoud et al., in review
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Grondwaterstand
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Toekomstige bodemdaling
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Hoe ziet de toekomst eruit?

Minderhoud et al., 2020
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10.000.000 
copies in 14 
languages 
world-wide

Selectie media impact van het onderzoek afgelopen jaar
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Press conference at the Embassy in 
Hanoi (24 Oct 2019)

Prime-time 20:00 news on VTV1

Presentation at Vietnam Ministry (MONRE)

Impact in Vietnam
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De versnellende bodemdaling in de Mekong delta wordt voornamelijk veroorzaakt door 
grondwateronttrekking

Grondwater is niet gratis in delta je betaal ervoor met hoogte

Het drastisch terugbrengen van de grondwateronttrekking is van levensbelang voor de delta 

Hoofdconclusie

“Mijn hartelijke dank gaat uit naar alle leden van de Hofvijverkring. Dankzij de financiele
support van de Hofvijverbeurs kon ik het afgelopen jaar een groot aantal international 

bezoeken en wetenschappelijke samenwerkingen aangaan waar ik nu de vruchten van pluk.
Blijf gezond!”

Philip

P.S.J.Minderhoud@uu.nl / @deltasubsidence

Presenter
Presentation Notes
Groundwater extraction-induced subsidence is a dominant subsidence driver, but does not explain the full signal

mailto:P.S.J.Minderhoud@uu.nl


Future Deltas

Wetenschappelijke referenties om verder te lezen:

Minderhoud, P. S. J, Middelkoop, H., Erkens, G., Stouthamer, E., 2020: Groundwater extraction may drown mega-delta: 
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