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Why study regime shifts in river deltas?
Potentially catastrophic shifts
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Why study regime shifts in river deltas?
Prediction is essential
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Why study regime shifts in river deltas?
Dynamic Systems Theory: for deltas relatively unexplored

Scheffer et al. (2012, Science)
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Unknowns: Estuarine hyperturbidity as example

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness

deepening

+

+

+
+

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness +

+
+

river flood

+

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness

deepening

+

+

+
+

-

Water depth ℎ

Δℎ

W
at

er
 cl

ar
ity

 (1
−S

SC
)

W
at

er
 cl

ar
ity

 (1
−S

SC
)

Water depth ℎ

SSC input

W
at

er
 cl

ar
ity

 (1
−S

SC
)

Water depth ℎ

Δℎ/Δ%



Bifurcation-induced tipping Noise-induced tipping Rate-induced tipping

van Maren et al. (2015, Ocean Dynamics) Wang et al. (2014, Ocean Dynamics) van Maren et al. (2015, Continental Shelf Research)

EGU (HS10.2), 24-05-2022 Regime shifts in river deltas R.C. van de Vijsel, M. Scheffer & A.J.F. Hoitink 5

Unknowns: Estuarine hyperturbidity as example

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness

deepening

+

+

+
+

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness +

+
+

river flood

+

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness

deepening

+

+

+
+

-

Water depth ℎ

Δℎ

W
at

er
 cl

ar
ity

 (1
−S

SC
)

W
at

er
 cl

ar
ity

 (1
−S

SC
)

Water depth ℎ

SSC input

W
at

er
 cl

ar
ity

 (1
−S

SC
)

Water depth ℎ

Δℎ/Δ%



Bifurcation-induced tipping Noise-induced tipping Rate-induced tipping

van Maren et al. (2015, Ocean Dynamics) Wang et al. (2014, Ocean Dynamics) van Maren et al. (2015, Continental Shelf Research)

EGU (HS10.2), 24-05-2022 Regime shifts in river deltas R.C. van de Vijsel, M. Scheffer & A.J.F. Hoitink 5

Unknowns: Estuarine hyperturbidity as example

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness

deepening

+

+

+
+

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness +

+
+

river flood

+

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness

deepening

+

+

+
+

-

Water depth ℎ

Δℎ

W
at

er
 cl

ar
ity

 (1
−S

SC
)

W
at

er
 cl

ar
ity

 (1
−S

SC
)

Water depth ℎ

SSC input

W
at

er
 cl

ar
ity

 (1
−S

SC
)

Water depth ℎ

Δℎ/Δ%



Bifurcation-induced tipping Noise-induced tipping Rate-induced tipping

van Maren et al. (2015, Ocean Dynamics) Wang et al. (2014, Ocean Dynamics) van Maren et al. (2015, Continental Shelf Research)

EGU (HS10.2), 24-05-2022 Regime shifts in river deltas R.C. van de Vijsel, M. Scheffer & A.J.F. Hoitink 5

Unknowns: Estuarine hyperturbidity as example

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness

deepening

+

+

+
+

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness +

+
+

river flood

+

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness

deepening

+

+

+
+

-

Water depth ℎ

Δℎ

W
at

er
 cl

ar
ity

 (1
−S

SC
)

W
at

er
 cl

ar
ity

 (1
−S

SC
)

Water depth ℎ

SSC input

W
at

er
 cl

ar
ity

 (1
−S

SC
)

Water depth ℎ

Δℎ/Δ%



Bifurcation-induced tipping Noise-induced tipping Rate-induced tipping

van Maren et al. (2015, Ocean Dynamics) Wang et al. (2014, Ocean Dynamics) van Maren et al. (2015, Continental Shelf Research)

EGU (HS10.2), 24-05-2022 Regime shifts in river deltas R.C. van de Vijsel, M. Scheffer & A.J.F. Hoitink 5

Unknowns: Estuarine hyperturbidity as example

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness

deepening

+

+

+
+

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness +

+
+

river flood

+

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness

deepening

+

+

+
+

-

Water depth ℎ

Δℎ

W
at

er
 cl

ar
ity

 (1
−S

SC
)

W
at

er
 cl

ar
ity

 (1
−S

SC
)

Water depth ℎ

SSC input

W
at

er
 cl

ar
ity

 (1
−S

SC
)

Water depth ℎ

Δℎ/Δ%



Bifurcation-induced tipping Noise-induced tipping Rate-induced tipping

van Maren et al. (2015, Ocean Dynamics) Wang et al. (2014, Ocean Dynamics) van Maren et al. (2015, Continental Shelf Research)

EGU (HS10.2), 24-05-2022 Regime shifts in river deltas R.C. van de Vijsel, M. Scheffer & A.J.F. Hoitink 5

Unknowns: Estuarine hyperturbidity as example

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness

deepening

+

+

+
+

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness +

+
+

river flood

+

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness

deepening

+

+

+
+

-

Water depth ℎ

Δℎ

W
at

er
 cl

ar
ity

 (1
−S

SC
)

W
at

er
 cl

ar
ity

 (1
−S

SC
)

Water depth ℎ

SSC input

W
at

er
 cl

ar
ity

 (1
−S

SC
)

Water depth ℎ

Δℎ/Δ%



Bifurcation-induced tipping Noise-induced tipping Rate-induced tipping

van Maren et al. (2015, Ocean Dynamics) Wang et al. (2014, Ocean Dynamics) van Maren et al. (2015, Continental Shelf Research)

EGU (HS10.2), 24-05-2022 Regime shifts in river deltas R.C. van de Vijsel, M. Scheffer & A.J.F. Hoitink 5

Unknowns: Estuarine hyperturbidity as example

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness

deepening

+

+

+
+

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness +

+
+

river flood

+

increased flood 
dominance

fine sediment 
import

reduced bed 
roughness

deepening

+

+

+
+

-

Water depth ℎ

Δℎ

W
at

er
 cl

ar
ity

 (1
−S

SC
)

W
at

er
 cl

ar
ity

 (1
−S

SC
)

Water depth ℎ

SSC input

W
at

er
 cl

ar
ity

 (1
−S

SC
)

Water depth ℎ

Δℎ/Δ%



EGU (HS10.2), 24-05-2022 Regime shifts in river deltas R.C. van de Vijsel, M. Scheffer & A.J.F. Hoitink 6

Ways forward

Ways forward

van de Vijsel et al. (2020, ESPL)

van de Vijsel (2021, PhD Thesis)© Norwegian Cruise Line

© H.E. de Swart

Unknowns

© A.J.F. Hoitink© A.J.F. Hoitink



EGU (HS10.2), 24-05-2022 roeland.vandevijsel@wur.nl R.C. van de Vijsel, M. Scheffer & A.J.F. Hoitink 7
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