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Abstract 1 
 

An ecosystem model for the Ems-Dollard 
Dr ir AG (Bert) Brinkman, Ecosystem modeller, Wageningen Marine Research, P.O. Box 57, 1780 AB Den 
Helder, The Netherlands, Phone: +31 (0)222 314000 (private), e-mail: bert.brinkman@brinkman-bab.nl 
& bert.brinkman@wur.nl 
 

In 2015/2016, we constructed an ecosystem model for the Ems-Dollard estuary. The model is based on 
the existing EcoWasp model for the western Dutch Wadden Sea. It is a box-model with 28 compartments, 
each divided into three tidal zones, and two subtidal zones, depending on emersion time and depth. 
Hydrodynamics are simple, containing only flow-through of water and dispersal exchange between the 
compartments and the outer boundaries. Input comes from fresh water inlets (Ems and Westerwoldse 
Aa river, all canals) and from the North Sea on an exchange basis.  
The model includes, next to several inorganic substances, pelagic and benthic primary production, 
breakdown of dead organic matter in water and sediment, an extended description of pore water 
processes, and several higher trophic level fauna groups: shellfish, a sediment browser (snail) 
microzooplankton and detritus feeding zooplankton.  
It appeared that many time series for inlet water, quantity and quality, needed completion.  
After tuning, simulations show that the model satisfactorily reproduces values for salinity, suspended 
matter, light attenuation, oxygen, sediment dwellers (“mudsnails”), pelagic primary production, and to a 
somewhat lesser extend silicate, chlorophyll and filter feeders (“mussels”). Problems arose for phosphate 
and nitrate. Based on literature data, results for benthic primary production and microzooplankton in the 
water column, nitrification and denitrification seem to be in the order of magnitude, although local data 
are too incomplete or even absent for a good comparison.  
An exercise with a 30-50% lowered suspended solid content in a part of the estuary will briefly be 
discussed.  
 
 

Abstract 2 
 

Effects of increased turbidity and the termination of the discharge of untreated organic waste on the 
community structure of the Ems estuary ecosystem  
Victor N. de Jonge (IECS, University of Hull) and Ulrike Schückel (Nationalparkverwaltung Schleswig 
Holstein, Tönning) 
 

Existing detailed (species level with 54 species/functional groups) ecological food webs of the three main 
reaches of the Ems estuary (Lower Reaches/LR, Middle Reaches/MR and Dollard/DO), were analyzed by 
applying Ecological Network Analysis (ENA and available as enaR under R) for the 1975-1980 situation as 
a basis to explore the 2005-2006 situation as well as a reference situation (~1954). The most recent 2005-
2006 situation is characterized by relatively high SPM and consequently relatively low primary production 
compared to ~1954. The SPM based estimated primary production decrease compared to 1975-1980 is 
30% for LR and ~50% for both MR and DO. The phytoplankton primary production for the reference period 
(with a natural SPM gradient because of absence of significant channel dredging) was estimated to have 
been 60% higher for LR, 70% for MR and 80% for DO as compared to the 1975-1980 situation. Another 
major development was the termination of one of the world’s largest organic waste loads to the Dollard 
between 1980 and 1990.  
The consequences of the decreased phytoplankton production since 1975/1976 is an estimated average 
change of the overall biomass by -7% LR, -11% MR and -4% DO for 2005/2006.  
The termination of the organic loads to the Dollard is responsible for another decrease and calculated as 
LR: -7.1%, MR: -14.3% and DO -19.8%.  
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The explorations for the ‘ideal’ reference situation (that is ~1954 but without the organic waste load) and 
compared to the real 2005/2006 situation shows an overall decrease in the species biomasses of  
-16.6% LR, -13.5% MR and -8.5% DO.  
The preliminary final conclusion is that the recent dredging operations and river deepenings have caused 
a deterioration in the quantitative ecosystem structure that is more severe than that of ‘one of the world’s 
largest organic waste loadings’ in connection to exactly the same ecosystem. 
 
 

Abstract 3 
 

CYCLIC BEHAVIOR OF A SHOAL-CHANNEL SYSTEM IN THE WESTERN SCHELDT ESTUARY 
 

Luitze Perk1 and Abdel Nnafie1,2 

1WaterProof Marine Consultancy & Services, Lelystad. Email: Luitze.Perk@WaterProofbv.nl 
2IMAU, Utrecht University. Email: abnnafie@gmail.com 
 

Many tidal embayments feature shoals that cyclically form and migrate in a specific direction. The period 
between successive formations of shoals varies among the tidal embayments. This cyclic behavior 
characterizes many ebb-tidal deltas seaward of tidal inlets. However in tidal estuaries such as the Western 
Scheldt, cyclic behavior occurs as well. This is shown in Figure 1, which presents the morphological 
evolution of the seaward area of Western Scheldt near Vlissingen between 1974 and 2012. Initially, a 
shoal detaches from the northern part of the shoal “Hooge Platen”, which starts to migrate towards north 
until it merges with the northern shoal (“Spijkerplaat”). Subsequently, a new shoal detaches again and 
start to move north. The period between the successive shoal detachments  is approximately 30 years. 
Beside shoal migration, the adjacent northern channel (“Schaar van Spijkerplaat”) also migrates in the 
northern direction (indicated by the circles). The northern migration of the shoal-channel system is also 
visible in Figure 2, which shows the evolution of the bedlevel along a cross-channel transect (red dashed 
line in Figure 1) between 1964 and 2014. 
While previous research has mainly focused on understanding the cyclic behavior of shoals in tidal inlet 
systems, little is known about the mechanisms underlying the cyclic behavior of shoals and channels in 
estuaries. The overall aim of this study is to quantify the physical mechanisms that are responsible for the 
observed migration of the shoal-channel system in the Western Scheldt. 
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Abstract 4 
 

 
 
 
Figure 1       Figure 2 

 

MORPHODYNAMIC IMPACT OF SEA LEVEL RISE ON THE WESTERN SCHELDT ESTUARY AND ITS MOUTH 
REGION: INSIGHTS FROM AN IDEALIZED MODELING STUDY 

Abdel Nnafie1,2,3 and Bart de De Maerschalck3 

 

Estuaries lie at the interface of land and sea, and are particularly vulnerable to sea-level rise (SLR). 
Understanding the impact of SLR on the long-term (order decades to centuries) morphodynamic 
evolution of estuaries is of great importance to successfully manage these areas, such as maintaining 
shipping routes and preserving ecosystems. 
An analysis of historical water level data at Vlissingen (Figure 1) between 1900 and present revealed that 
mean sea level has been rising at about 2 mm/yr. Moreover, these data shows that the amplitude of M2 
tidal constituent has been rising as well during this period (Figure 2), which most likely is caused by the 
rising mean sea level (Pickering et al. 2012, Idier et al, 2017). 
The specific aims of this study are 1) to investigate the impact of SLR (2 mm/yr) on long-term evolution 
of the Western Scheldt and its mouth region, 2) to systematically explore sensitivity of model results to 
different rates of SLR (0-10 mm/yr), and 3) to address the combined effect of SLR and changes in tidal 
characteristics on the evolution of the estuary. To this end, the coupled SWAN-Delft3D numerical model 
is used, which accounts for both flow and waves. A curvilinear grid is created, which extends from Ghent 
to 30 km seaward. As a wave climate, a highly simplified wave forcing (constant wave height, wave periods 
and wave direction) is considered. The methodology employed is that first the model is spun-up until a 
bathymetry is obtained that is comparable to observations. Subsequently, the latter bathymetry is used 
to address the objectives.  
 

Figure 2 Time evolution amplitude M2 between 1900 and present.  

Figure 1 Map Western Scheldt estuary.  
 

References: M.D. Pickering, N.C. Wells, K.J. Horsburgh, J.A.M. Green (2012). The impact of future sea-

level rise on the European Shelf tides. Cont. Shelf Res., 35, pp. 1-15. 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Idier, D., F. Paris, G. Le Cozannet, F. Boulahya, and F. Dumas (2017), Sea-level rise impacts on the tides 
of the European Shelf, Cont. Shelf Res., 137, 56–71.  
 
1IMAU, Utrecht University. Email: abnnafie@gmail.com 
2WaterProof Marine Consultancy & Services, Lelystad. 
3Flanders Hydraulics Research, Antwerp. Email: bart.demaerschalck@mow.vlaanderen.be 
 
 

Abstract 5 
 

Ecological perspective for the hydromorphological improvement Ems-Dollard 2050; Assessment of the 
ecological targets for the Ems-Dollard for six hydromorphological measure directions 
Dr. M.J. Baptist, Senior Scientist Marine Ecology, Wageningen Marine Research, P.O. Box 57, 1780 AB 
Den Helder, Phone: +31 (0)317 487068 
 

The Dutch multiannual Adaptive Programme Ems-Dollard 2050 aims to improve the ecosystem of the 
Ems-Dollard estuary, so that in the long term a healthy estuary arises and the estuary meets the objectives 
of the Water Framework Directive and Natura 2000. In the framework of the study into the 
hydromorphological improvement of the Ems-Dollard, Deltares carried out a model study on possible 
measures to reduce the suspended sediment concentration in the Ems estuary. Because the study is a 
first exploration of the direction in which measures can be taken, the calculated variants are called 
'measure directions'. Six different measure directions, as well as the autonomous development, were 
computed in the hydromorphological model environment Delft3D yielding results on SPM concentrations 
and bed morphology in 2050. 
The results of the hydromorphological modeling were interpreted by Wageningen Marine Research on 
the basis of the ecological targets for the Ems-Dollard. This was achieved by using the model results of 
Deltares as input into an ecotope analysis. For each of the six measure directions the study showed in 
how far the ecological development moved towards or away from the ecological targets. The results of 
this study also indicated that sea level rise is a major ecological problem for the Ems-Dollard. It showed 
that the drowning of tidal areas as a result of sea level rise has a major impact on the total biomass of 
benthic fauna and thus on the carrying capacity for birds. The carrying capacity for birds decreases by 
about 9-13% in 2050 compared to 2014. The sea level rise probably also has a negative impact on the 
primary production by microphytobenthos in the system. Disclaimer: The results of the underlying model 
study of Deltares regarding sea level rise will be revised. The modelled tidal flat response did not show 
enough capacity to grow with the sea level rise. It is possible that the effects of sea level rise are less 
severe than calculated with the current model. 
The execution of this study unveiled that the ecological targets as described in the Adaptive Programme 
Ems-Dollard 2050 need further elaboration. It is advisable to consider in how far the ecological objectives 
need to be reconsidered in view of the results of this study in combination with the results of other studies 
in the Adaptive Programme and in view of the conservation objectives of the Natura 2000-area Ems-
Dollard. 
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Abstract 6 
 

Predicting the effect of mitigating measures on morphology and turbidity in the Ems Estuary: the 
importance of long-term equilibrium 
Bas van Maren (bas.vanmaren@deltares.nl) 
 

The Ems Estuary is a relatively turbid system, and there are strong indications that the turbidity is 
increasing. The Dutch multiannual Adaptive Programme Ems-Dollard 2050 is considering mitigating 
measures aiming at minimising this expected increase in turbidity. The impact of these mitigating 
measures on turbidity is evaluated through numerical models. These models are presently being 
developed. A major challenge hereby is to predict the impact of measures on turbidity over timescales 
(50-100 years) where bed level changes are significant. These bed level changes may result from natural 
processes as well as from the measures themselves. This requires a combination of detailed short-term 
sediment transport processes (relevant for fine sediment transport) with medium-term (decades) and 
long-term (decades) morphodynamics. This presentation will address recent progress in the development 
of the medium-term and long-term morphodynamic models. 
Long-term morphodynamic models are run in an idealised, explorative mode. Models are initiated with 
uniform initial bed levels and simplified boundary conditions, and run for a period of 800 years. Such 
models are able to generate channel-shoal configurations comparable to those of the present-day Ems 
Estuary, but also a dynamic behaviour which is reflects the actual development of the Ems Estuary in the 
past centuries. However, this long-term equilibrium is strongly governed by the (simplified) boundary 
conditions and (numerical discretisation of) sediment transport processes, and may not necessarily 
correspond to observed topography. Such models are useful for better understanding the history of the 
Ems Estuary, but also in revealing the intrinsic morphodynamic equilibrium of the applied sediment 
transport model. 
Medium-term models are initiated with an observed bed topography, and run for several decades. Such 
tools are used to predict the impact of measures on the morphodynamic development of the estuary. 
Initially the morphodynamic behaviour is strongly governed by prescribed bed topography, but after 
longer simulation periods the computed bed levels tend towards a configuration comparable to the long-
term equilibrium (as computed with the long-term models). And since this long-term computed 
equilibrium may not necessarily correspond to the actual equilibrium bathymetry, such medium-term 
models can only be correctly interpreted when used in combination with the long-term morphodynamic 
models. 
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Abstract 7 
 

Modeling Fluid Mud in the Ems estuary: Numerical Validation by detailed tidal cycle measurements 
Dennis Oberrecht, Andreas Wurpts; NLWKN-Coastal Research Station, Norderney, Germany 
 

The Ems estuary is a partially mesoscale estuary in the northwest of Germany, partially at tidal bore to 
the Netherlands. Due to deepenings in the past, the turbidity zone shifted more upstream with a much 
higher accumulation on fine cohesive sediments, which builds partly fluid mud layers of several meters in 
the water column. The strong sediment-induced stratification, due to high concentrated suspensions 
(fluid mud layers)  in the turbidity zone, has a major impact on ecological state of the estuary, mainly 
decrease oxygen concentration. In fluid mud layers, vertical mixing is damped and horizontal velocities 
reduced due to the non-Newtonian flow behavior, which results in a strong oxygen strain in summer 
conditions at low discharge rates. The investigations shown here deals with a new fluid mud modeling 
approach, based on a three-dimensional continuous modeling concept, includes settling behavior, 
buoyancy driven turbulence damping and, sediment-induced turbulence damping and rheological 
viscosity in fluid mud layers. A model validation by a detailed tidal cycle measurement campaign during 
moderate discharge  and related highly accumulated fluid mud regime of the Ems estuary was conducted. 
Comparison of modeled and observed horizontal velocities and suspended sediment concentrations 
shows very good agreement. Further, model results show, that the mentioned processes are important 
for different aspects of the overall morphodynamic behavior of the Ems estuary. 
 
 

Abstract 8 
 

Mud dynamics and hyperturbidity in the Scheldt: linking models, idealised models and reality 

Thijs van Kessel and Miguel de Lucas 
 

To understand the mud dynamics in estuaries observations are our primary source of information. Models 
based on physical laws are useful to understand these observations and to make forecasts on how the 
mud dynamics will evolve, either without or with (additional) human interventions.  
An important point of debate is whether the response of the mud concentration in an estuary to changes 
in hydrodynamics, morphology and mud supply is more or less linear and the forecast of the mud 
concentration is therefore quite straightforward or strongly non-linear interactions play a role and a 
regime shift may occur towards a hyperturbid state if some critical threshold is exceeded.  
In the Scheldt this question is addressed from three angles: analysis of long-term SPM observations, 
idealised models (e.g. iFlow) and models with a more detailed description of the geometry of and physical 
processes in the Scheldt (e.g. Delft3D). This presentation will show results from Delft3D within a 
parameter space determined with iFlow and will discuss what these results tell about the conditions in 
which hyperturbidity may occur.  
These findings are valid for the applied model setup, i.e. based on schematised geometry and process 
descriptions. But to what extend are they also valid for the Scheldt, as the Scheldt is far more complex 
than its schematised model replica? For example, to what extend do mudflats have a dampening role on 
turbidity increase? Thoughts on this are provided and steps forward suggested to stir up discussion and 
as a possible guidance for further research.  
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Abstract 9 
 

The Yangtze Delta, a delta in fast transition 

Zheng Bing Wang (zheng.wang@deltares.nl) 
 

Driven by the human interferences in the river basin and within the estuary the Yangtze Delta (China) is 
in fast transition. 
Due to a.o. the many dams built in the river basin the fluvial sediment input to the delta has been 
decreasing since the 1980’s (Yang et al., 2011). Nowadays it is only about 25% of what it used to be (Xie 
et al., 2017). This change has enormous influences on the large scale sediment budget of the estuary, the 
morphological development of the tidal flats, the turbidity in the estuary, etc.. The Yangtze Delta used to 
be a fast growing delta and the estuary is still a high-turbid estuary. Serious questions arise now if the 
delta is transiting to an eroding delta and if the estuary will become a low-turbid estuary. The last is thus 
an opposite regime-shift as the one described by Winterwerp et al. (2013), with many unknown 
consequences.  
Human interferences within the estuary include large scale land reclamations and engineering works for 
e.g. improving and maintaining navigation. They have substantial influences on the morphological 
development of the estuary, especially concerning the development of its ordered bifurcating channel 
system and the channel-shoal interaction (Wang et al., 2015; Luan et al., 2016). Understanding of the 
complex and combined effects of the interferences in the river basin and the local interferences in the 
estuary is very important for the management of the system.  
Insight into the fast transition of the Yangtze Delta can also be helpful for our studies to the Ems and 
Scheldt estuaries. 
References 
Luan, Hua Long, Ding, Ping Xing, Wang, Zheng Bing, Ge, Jian Zhong, Yang, Shi Lun, 2016, Decadal 

morphological evolution of the Yangtze Estuary in response to river input changes and estuarine 
engineering projects, Geomorphology 265 (2016) 12–23, doi: 10.1016/j.geomorph.2016.04.022. 

Wang, Z.B., D.S. Van Maren, P.X. Ding, S.L. Yang, B.C. Van Prooijen, P.L.M. De Vet, J.C. Winterwerp, H.J. 
De Vriend, M.J.F. Stive, Q. He, 2015. Human impacts on morphodynamic thresholds in estuarine 
systems. Continental Shelf Research (2015).  

Winterwerp, J. C., Wang, Z. B., van Braeckel, A., van Holland, G., & Kösters, F. (2013). Man-induced 
regime shifts in small estuaries—II: a comparison of rivers. Ocean Dynamics, 63(11-12), 1293-
1306. 

Xie, D., C. Pan, X. Wu, S. Gao, and Z.B. Wang (2017), The variations of sediment transport patterns in the 
outer Changjiang Estuary and Hangzhou Bay over the last 30 years, J. Geophys. Res. Oceans, 122, 
2999–3020, doi:10.1002/2016JC012264. 

Yang, S.L., Milliman, J.D., Li, P. and K. Xu, 2011. 50,000 dams later: Erosion of the Yangtze River and its 
delta. Global and Planetary Change Vol. 75, Issue 1-2, pp. 14-20. 
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Abstract 10 
 

Multivariate analysis of the impact of dredging activities on suspended sediment concentrations in 
the Scheldt Estuary using the OMES-database 

Gijsbert Van Holland1, Gert Leyssen1, Thijs Lanckriet1, Kevin Delecluyse1, Davy Depreiter1 

1International Marine and Dredging Consultants, Antwerp, Belgium. 
 

Within the framework of the search for additional container capacity for the Port of Antwerp, various 
alternative measures have been analysed using a data-driven approach to determine their impact on 
sediment concentrations and turbidity within the Scheldt estuary. Long term suspended sediment 
concentration measurements, both in the Sea Scheldt as in the Western Scheldt, have been analysed 
using a multivariate model. 
The OMES measurement program collects monthly or bi-monthly data at about 17 stations within the Sea 
Scheldt. However, as temporal data is sparse and suspended sediment concentrations are affected by 
many different process it is not straightforward to derive trends or to relate changes to specific dredging 
activities that take place within the port area. 
Using the multivariate model, dredging activities have been identified as a significant descriptive 
parameter of the observed variations in suspended sediment concentrations. Moreover, it has been 
demonstrated that the effect of dredging activities can be observed up to Appels, upstream in the Upper 
Sea Scheldt. In addition, the model has demonstrated that the river discharge shows a particularly strong 
relation to the sediment concentrations in the Upper Sea Scheldt and a changing response during the last 
decade, confirming observations by others.  
In this presentation we will discuss the results of the multivariate model as applied to the OMES-database, 
the spatial effect of dredging activities, seasonal variations, as well as an update of the conceptual model 
of suspended sediment concentrations in the Scheldt River. In addition, first results of a similar model 
applied to the Western Scheldt will be discussed. 
 
 

Abstract 11 
 

Morphological response of sediment disposal in the deep section at Hansweert, Western Scheldt. 

Thijs Lanckriet1, Jebbe van der Werf2, Bas Huisman2, Reinier Schrijvershof2, Gert Leyssen1, Gijsbert Van 
Holland1, Davy Depreiter1 

1International Marine and Dredging Consultants, Antwerp, Belgium. 
2Deltares, Delft, The Netherlands. 
 

As part of the Flexible Disposal strategy, part of the sediment that is removed from sills during 
maintenance dredging in the Western Scheldt is disposed in deep sections of the fairway, in order to 
improve the morphological functioning of the estuary (e.g. by enhancing the multi-channel functioning). 
In the deep section at Hansweert, two disposal campaigns were executed in 2016 and 2017 in which 
1 000 000 m3 of sandy sediment (d50 = 0.180 mm) was disposed. A rapid morphological response is 
observed following the sediment disposal: multibeam surveys show that up to 46% is not observed in the 
disposal area within the first few days and weeks after the disposal campaign. A similar behaviour is 
observed at other disposal sections, with typically 20-50% of sediment not observed in the disposal area 
within a short time after the disposal. In this presentation, we discuss the initial morphological response, 
the fate of the disposed sediment, as well as different hypotheses for the rapid initial morphological 
response. 
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Abstract 12 
 

Sensitivity of tidal characteristics in channel systems to momentum dissipation on tidal flats 
T.M. Hepkema1, H.E. de Swart1, A. Zagaris2, and M. Duran-Matute3 
1Institute of Marine and Atmospheric Research Utrecht (IMAU), Utrecht University, The Netherlands. 
2Wageningen University and Research, Bioveterinary Research, Lelystad, the Netherlands. 3Department 
of Applied Physics, Eindhoven University of Technology, the Netherlands.  
 

February 2018  
The topic of this presentation is the generation of nonlinear tides by hypsometry and in particular by 
dissipation of momentum on tidal flats. When the water level rises, water flows from the channel onto 
the flats, carrying with it longitudinal momentum. The mass is temporarily stored on the flats, until it 
flows back into the channel during the falling tide. The momentum, on the other hand, dissipates rapidly 
due to high friction on the tidal flats. That is, the flats act like mass storages and momentum sinks.  
In this presentation, conditions will be presented under which the momentum sink significantly affects 
tidal characteristics (phase and amplitude of sea surface elevations and currents). Furthermore, the 
physics underlying these changes in tidal characteristics will be explained and their implications for net 
sediment transport will be discussed. The effect of the momentum sink on the tidal dynamics are 
quantified for a prototype embayment that resembles the Marsdiep–Vlie double–inlet system of the 
Western Wadden Sea.  

  
 

Figure 1: Does the dissipation of momentum on tidal flats affect the tidal characteristics in the Ems 
estuary?  
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Abstract 13 
 

Three-dimensional sediment dynamics in tidally dominated estuaries: influence of time–dependent 
stratification.  
H.M. Schuttelaars and X. Wei 
 

An estuarine turbidity maximum is a region in an estuary with a local maximum in cross-sectionally 
integrated concentration. At these locations there is often enhanced deposition and reduced light 
penetration, impacting both economic and ecological values of the estuary. To effectively mediate these 
negative effects, a systematic analysis of the various physical mechanisms resulting in SPM trapping is 
essential.  
Here, an idealized, semi-analytical three-dimensional model is employed that allows for a systematic 
analysis of the interactions between longitudinal and lateral dynamics. This is an extension of the model 
described in Wei et al. (submitted to J. Geophys. Res.) that allows for temporal variations in stratification. 
The resulting eddy viscosity and vertical shear covariance (ESCO, see Dijkstra et al. (2017)) can 
substantially increase the exchange flow, while the temporal variations of the eddy diffusivity can result 
in enhanced sediment transports (Scully and Friedrichs, 2003).  
In this contribution the importance of these temporal variations on the ETM formation in an idealized 
estuary with the dimensions of the Delaware will be discussed. Model results will be compared with 
results obtained from numerical models (FVCOM) and observations.  
 

References 
Dijkstra, Y. M., Schuttelaars, H. M., Burchard, H., 2017. Generation of ex-change flows in estuaries by 
tidal and gravitational eddy viscosity - shear covariance (ESCO). J. Geophys. Res., 
10.1002/2016JC012379.  
Scully, M. E., Friedrichs, C. T., 2003. The influence of asymmetries in overlying stratification on near-bed 
turbulence and sediment suspension in a partially mixed estuary. Ocean Dyn. 53, 208–219.  
Wei, X., Kumar, M., Schuttelaars, H., submitted to J. Geophys. Res. Three- dimensional sediment 
dynamics in well-mixed estuaries: importance of the internally-generated overtide, spatial settling lag 
and gravitational circulation. 
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Abstract 14 
 

An idealized modelling study into the transition of the Ems River Estuary to a hyperturbid state 

Yoeri Dijkstra1, Henk Schuttelaars1, George Schramkowski1,2, Ronald Brouwer1,2 
1Delft University of Technology, Delft institute of Applied Mathematics, Netherlands, 2Flanders 
Hydraulics Research, Antwerp, Belgium 
 

Over the last approximately 60 years, the Ems River has undergone a transition in its suspended sediment 
dynamics. The estuarine turbidity maximum (ETM) used to be located around 20-30 km upstream from 
Knock, carrying sediment concentrations up to several 100 mg/l. Nowadays, the ETM is a wide zone 
between 30 and 60 km upstream from Knock with concentrations near the bed of several 10 g/l. This 
transition is most likely linked to the extensive channel deepening measures in this period. In order to 
find measures to reverse this transition and/or understand whether such a transition can also happen in 
other estuaries, it is essential to understand the physical processes underlying the observations in the 
Ems River. Although hypotheses have been formulated on what physical processes are responsible for 
the observed transition, no modelling study has yet been able to verify these hypotheses.  
Using the idealized width-averaged iFlow model, a minimum set of physical mechanisms required to 
describe the transition from low to high concentrations will be presented and systematically analysed. 
Given these physical mechanisms, we will also indicate what part of the estuarine parameter space (i.e. 
geometry, flow conditions and sediment parameters) potentially allows for such a transition. The results 
highlight two key concepts which are essential for modelling a hyper- turbid system: sediment trapping 
along the channel and local re-suspension in the water column. Sediment trapping leads to an 
accumulation of sediment in the estuary and is the result of the complex interactions between geometry, 
flow conditions and sediment characteristics. The iFlow model provides a fast and simple way of assessing 
the trapping efficiency in a large class of estuarine systems. Once trapped, the sediment can only be kept 
in suspension if the re-suspension characteristics of the estuary are sufficiently high. This condition is 
made explicit by requiring that a dimensionless erosion parameter should exceed a threshold value in 
order to obtain high concentrations. The results and analysis will be demonstrated using in a case study 
that resembles the Ems River in 1965 and 2005.  
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Abstract 15 
 

Understanding macrobenthic abundances in the oligohaline section of the Scheldt river after the 
trophic shift: preliminary results of a large in-situ exclosure experiment 

Frank Van de Meutter, Jeroen Speybroeck, Joost Vanoverbeke, Bart Vandevoorde, Nico De Regge, Olja 
Bezdenjesnji, Alexander Van Braeckel, Erika Van den Bergh, Gunther Van Ryckegem; 
Research Institute for Nature and Forest (INBO). Havenlaan 88, bus 73, 1000 Brussel, Belgium. 
 

For some time,the oligohaline zone of the river Scheldt has been the prime wintering area for a number 
of duck species (mainly common teal and shelduck) in Belgium. This changed abruptly since 2007 when 
urban wastewater treatment increased to a level that oxygen levels reached the critical threshold 
allowing fish and hyper- and epibenthos to recolonize the estuary again. The dramatic fall in wintering 
bird abundance in the oligohaline Scheldt has been paralleled by a strong decrease of macrobenthos 
(consisting almost exclusively of oligochaeta), supposedly the main food source for the birds. This 
decrease in macrobenthos has assumed to either be related to increased top-down control by fish and 
epibenthos predators, decreased bottom-up control by lower input of organic carbon and nutrients, or a 
combination of both. 
As a first step to understand how macrobenthic communities are currently structured, we performed a 
large-scale experiment using exclosures on the Notelaer mudflat (municipality of Bornem, Flanders, 
Belgium). A control and four experimental treatments consisting of cages with mesh 2mm (1),  mesh 
13mm (2), and technical controls of both of the latter with two of the four vertical sides open (3 and 4) 
were installed at the same intertidal elevation on the mudflat from the end of June 2017 onwards. At 
seven replicates of each treatment, macrobenthos, sedimentation, organic matter content and sediment 
texture were assessed every two weeks until October 2017. Macrobenthos samples (oligochaetes only) 
were counted and dry weight was determined. 
Currently, results for macrobenthos are available for the two last sampling events of the experiment at 
the beginning of September and mid October. Both sampling dates give fairly consistent results: all 
treatments show increased biomass of oligochaetes compared to the control - also the technical controls 
that were open to predators. We also observed faster sedimentation in all exclosures, compared to the 
control, to which the biomass increase may be related. Increased sedimentation was associated with 
increased levels of organic matter and slightly finer sediment texture possibly promoting elevated 
oligochaeta biomass. One treatment exhibited peculiar responses: the cage with the fine mesh (2mm) 
was the only treatment where macrobenthos abundance did not increase compared to the control, yet it 
showed (by far) the highest macrobenthic biomass. This higher biomass is the consequence of a much 
larger average biomass (thus size) of worms in this treatment. Further research will aim at determining if 
this pattern is the result of size-selective predation. As we did not observe such a response in the 13mm 
mesh exclosures, the predators responsible for this effect are likely relatively small epibenthic species of 
which Crangon and especially Palaemon shrimps were the most abundant during our research.  Why we 
did not observe a numerical response of Oligochaeta in the 2mm exclosures remains an open question, 
but is possibly linked to disrupted recruitment. 
Further work is needed to underpin our preliminary results and their interpretation, yet our research 
seems to indicate that at least the epibenthic community (present in significant numbers in summer and 
autumn only) competes with the wintering waterbird community by culling the macrobenthic community. 
This may be one of the mechanisms by which winter bird counts have dropped to low levels the last 
decade in the oligohaline part of the river Scheldt. 
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Abstract 16 
 

The effect of hindered settling on the occurrence of high sediment concentrations 

George Schramkowski1,2, Ronald Brouwer1,2, Yoeri Dijkstra2 and Henk Schuttelaars2 
1Flanders Hydraulics Research, Berchemlei 115, 2140 Antwerp, Belgium, 2Delft Institute of Applied 
Mathematics, Van Mourik Broekmanweg 6, 2628 XE Delft, The Netherlands 
 

The effect of hindered settling (whereby the sediment settling velocity decreases with increasing 
concentration) on the possible occurrence of high sediment concentrations (hyperturbidity) is 
investigated by means of an idealised sediment transport model. Without hindered settling, sediment 
concentrations scale (more or less) linearly with the bed shear stress. Hence high concentrations require 
high bottom stresses. Hindered settling also allows for highly turbid concentrations (several g/l or higher) 
at relatively low hydraulic friction. Hindered settling is included in the model by assuming it only depends 
on the depth and tidally averaged sediment concentration.  
The model is applied to a situation that resembles the Scheldt estuary. It is found that hyperturbidity can 
occur in the model if both the river discharge is sufficiently low and the dimensionless erosion parameter 

�̂� is sufficiently high. The latter parameter determines the maximum local resuspension flux at given 
hydraulic conditions. For conditions representing the dry year 2009 it is found that hyperturbid 

concentrations occur during the summer when �̂� ≿4.4 x 10-4. However, when the discharge increases 
again in the autumn, the concentrations are strongly reduced. Hence there is no physical mechanism that 
keeps the system in a (semi)permanent state of higher turbidity. For the Scheldt estuary in the present 

state, �̂� is estimated to be ~ 3.8 x 10-5 which is an order of magnitude too low to yield hyperturbid 
conditions.  
 
 

Abstract 17 
 

Effect of channel curvature on the salinity intrusion in idealised and real estuaries 
Johannes Pein, Arnoldo Valle-Levinson, Emil V. Stanev 
 

Numerical model experiments are used to study the effects of coastline and bathymetric curvature on 
estuarine dynamics using idealised as well as realistic model topographies. These effects are 
demonstrated by comparing experiments with two different idealized trumpet-shaped estuaries. 
Meanders complicate the flow field by introducing secondary processes. For instance, meanders increase 
turbulence and associated mixing locally within the water column, as well as outside the meandering 
portion. Furthermore, meanders transform up to 30% of the along-channel momentum into secondary 
circulation. Flood-ebb asymmetries in the production terms of  secondary circulation and mixing lead to 
a changed by the channel curvature balance between the flood and ebb currents. Generally speaking, the 
curvature increases ebb dominance.  The enhanced ebb dominance shifts a density front toward the 
mouth of the estuary, thus reducing salt intrusion. In the second part of the study we demonstrate using 
an unstructured state-of-the-art model of Ems estuary that the effects arising in the idealised 
configuration also play an important role in real estuaries.  
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Abstract 18 
 

Hydrodynamics and sediments in the estuaries and the coastal zone of the German Bight. 
Benjamin Jacob 

 

First results are presented for a hydrodynamic unstructured grid model (SCHISM) of the German Bight, 
which was coupled to a sediment model with 8 sediment classes. The model covers large areas of the 
German Bight and scales down to the coastal zone resolving the dynamics far into the rivers Ems, Weser 
and Elbe, where a maximum cross-sectional resolution of 50 m is used. The general tidal characteristics 
and residual circulation are shown and the model is briefly validated. As a central topic, the dynamics of 
the salinity fronts in the three distinct estuaries are addressed covering the spring-neap tidal 
variability.  Sediment transports and salinity distribution during spring- and neap tide are compared for 
the tidal rivers, tidal inlets and in front of the East Frisian islands. 


