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1.	 Introduction
In this biennial report we present an overview of the research and related activities over 2005 

and 2006 of staff and students at IMAU, the Institute for Marine and Atmospheric research 

of Utrecht University. 

The institute was formally established in 1991. However, we decided to celebrate its 40th 

anniversary in the fall of 2006 based on an informal start in 1966. Then, a small pioneering 

group was installed to set up a teaching programme in Meteorology and Physical Oceanogra-

phy. It was based partly at KNMI, the Royal Netherlands Meteorological Institute, and partly at 

Utrecht University. Since then it has evolved into what is now a thriving research institute. 

IMAU is the Marine and Atmospheric research section of the department of Physics and As-

tronomy from the Faculty of Science and the Coastal research section of the department of 

Physical Geography from the Faculty of Geosciences. 

During the 40th anniversary, in November 2006, Hans Oerlemans handed over the scientific 

directorship of IMAU to Will de Ruijter. Hans was thanked for the clear and ‘no-nonsense’ way 

in which he has led the institute over the past period.

Climate change has taken a prominent position on the political and scientific agenda. Changes 

in the climate system, both natural and anthropogenic, may have far-reaching consequences 

for the global and, in particular, the Dutch society. 

Climate variability at ‘human’ time scales is related to variations in the Ocean, Atmosphere 

(including its chemical composition) and Ice components of the system. Major impacts mani-

fest themselves in the coastal zone.

Based on the latest climate change assessments by the IPCC (Intergovernmental Panel on 

Climate Change), large programmes are being developed for mitigation of and adaptation to 

the expected climate change. However, there are still large uncertainties in the projections of 

future climate. These need to be reduced. This is in particular the case at the regional scale 

for which adaptation programmes are being developed. Rapid changes in the ocean circula-

tion, in ice volume and sea level and in the atmospheric composition that happened in the 

past may occur again. Reliable estimates of their likelihood needs basic dynamical studies and 

dedicated observations. 

A main goal of the IMAU is to be one of the leading institutes in that research. We combine 

the expertise necessary to study the fundamental processes in the climate system and its main 

components and to study the response and dynamics of the coastal zone. 
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Because of the global scale of the ocean-atmosphere-climate system, we carry out our re-

search in collaboration with many national and international partners. This is reflected in the 

relatively large number of our scientific publications with a multinational authorship.

Research at IMAU is organized around the themes Ice and Climate, Ocean Circulation and 

Climate, Atmospheric Dynamics and Boundary layer Meteorology, Atmospheric Physics and 

Chemistry and the Physical Geography and Oceanography of the coastal zone. Descriptions of 

these themes and several highlights of the research results are given in this report. 

In the newly established Faculty of Science (the ‘beta-faculty’) at Utrecht University, IMAU is 

the leading institute responsible for the focal theme ‘Climate and Global Change’. We col-

laborate in the Utrecht Centre for Geosciences (UCG) with Earth scientists and biologists on 

studies in the present and paleo climate systems.

At the national level we coordinate research in the Centre for Climate research (CKO) and the 

Netherlands Centre for Coastal research (NCK). 

In 2005 the Atmospheric Physics and Chemistry staff of IMAU was for the first time complete. 

The group combines field observations, laboratory experiments and atmospheric models to 

study the varying atmospheric chemical composition. A lot of attention was drawn by the 

discovery of high methane concentrations over areas with living plants, also in the regular in-

ternational news programs, because of its potentially large impact on the global greenhouse 

gas balance. It has stimulated a lot of research around the world into the possible mechanisms 

producing such methane levels.

Climate researchers from IMAU and KNMI joined forces in the ESSENCE project, an investiga-

tion into the signal to noise ratio in climate projections. It involves large ensemble simulations 

to study past and projected climate change over the period 1950-2100.

Together with scientists from NIOZ in the LOCO programme (Long term Ocean Climate Ob-

servations) we maintain an array of instrumented moorings across the Mozambique Channel. 

Aim is to study the variability in this section of the global thermohaline ocean circulation. This 

array forms part of a global network.

The coastal researchers initiated investigations in various estuarine and coastal systems around 

the world, resulting in international projects in the Ems estuary and in the coastal waters of 

northeast Kalimantan, Indonesia. 

In 2006 preparations started for the International Polar Year (IPY, 2007-2009) in which, within 

the Netherlands Polar Programme, IMAU is responsible for the research theme Ice, Climate 

and Sea Level Change. IMAU projects will be dedicated to the stability and dynamics of Arctic 

Glaciers, including the Greenland Ice sheet. We will also be active in the Antarctic, providing 

automatic weather stations for operation in the coldest environment of the Earth.

Being a university institute IMAU plays an important role in educating meteorologists, physi-

cal oceanographers and climate scientists. At the graduate level IMAU is leading the national 
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Buys Ballot Graduate School for the study of fundamental processes in the Climate system. It 

is a joint school with the department of meteorology and air quality of Wageningen Univer-

sity. Associated members include KNMI, NIOZ and SRON, the Space Research Organization of 

the Netherlands. Highlights are the spring symposia, organized by the students, and the Buys 

Ballot days in the fall. At the international level a series of summer schools has been organized 

and led by IMAU scientists, as described in this report. These schools are highly rated and will 

be continued in the future. 

The institute is also responsible for the master programme ‘Meteorology, Physical Oceanogra-

phy and Climate’ which is directly coupled to our research programme. Based on the excellent 

level of the research, as judged by an international review committee, and its contribution 

to the profile of Utrecht University this teaching programme was selected as one of the few 

‘prestige masters’ of the university.

It is our ambition to further strengthen this prestigious level of both education and research 

at IMAU.

A substantial part of the IMAU research has been made possible by external financial support 

from several branches of NWO, the Netherlands Organisation for Scientific Research (ALW, 

STW, WOTRO, NCF, SRON), the EU, BSIK, Shell/SenterNovem, the Japan Society for the pro-

motion of Science and Rijkswaterstaat (RIKZ). We gratefully acknowledge all these funders. 

Finally, we like to thank our parent faculties, the Faculty of Science and that of Geosciences, 

and Utrecht University for their continued support of IMAU.

Will P.M. de Ruijter,

Scientific Director.
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2.	 Faculty
Professors:
	 W.P.M. de Ruijter

	 H.A. Dijkstra (from 1-7-05)

	 H.E. de Swart (from 1-2-05)

	 P. Hoekstra 

	 J. Oerlemans

	 T. Röckmann (from 1-5-05)

Professors (part-time):
	 J.D. Opsteegh (0.4) 

	 J.T.F. Zimmerman (0.4)

External Professors (part-time/financed by):
	 B. v.d. Hurk (0.2)/Buys Ballot Leerstoel (from 1-3-05)

	 L.C. van Rijn (0.2) / WL-Delft Hydraulics

Associate Professors
	 M.R. van den Broeke 

	 H. van Dop

	 B.G. Ruessink

	 P.J. van Leeuwen

	 R.S.W. van de Wal

Assistant Professors
	 B.T. Grasmeijer 

	 A.J.F. Hoitink (0.2)

	 R. Holzinger (from 15-3-06)

	 A. Kroon (until 1-3-05)

	 G.J. Roelofs

	 L.A. te Raa 

	 C.H. Tijm-Reijmer 

	 A.J. van Delden

	 J.H. van den Berg (p.m.)
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Supporting Staff
	 E. Bernsen (until 1-5-06) 

	 M. H. Broeken (until 1-10-05) 

	 P.P. Borsboom (from 15-7-06)	

	 M.J.A. Bolder

	 W. Boot

	 D.B. van Dam

	 P.J. Jonker

	 M. van Maarsseveen

	 H. Markies

	 M. Portanger

	 C. Roosendaal

	 H. Snellen

	 G.M. Terra (from 1-3-06)

	 T. Tiemissen (until 1-9-06)

	 C. van der Veen

Secretaries
	 A. Andriessen (until 1-5-06)

	 J. Beltman (from 1-9-06)

	 I. Esser (until.1-7-06) 

	 A.C. van den Berg (until 1-8-2005)

	 Y. Wouda

Co-manager
	 E.I. de Koning

 

10IMAU Biennial Report 2005/2006



3. 	Research Themes
Ice and Climate
faculty:	 J. Oerlemans

	 M.R. van den Broeke

	 R.S.W. van de Wal

	 C.H. Tijm-Reijmer

Ocean Circulation and Climate
faculty:	 W.P.M. de Ruijter

	 H.A. Dijkstra

	 J.T.F. Zimmerman 

	 P.J. van Leeuwen

	 L.A. te Raa

Atmospheric Physics and Chemistry
faculty:	 T. Röckmann

	 G.J. Roelofs

	 R. Holzinger

Atmospheric Dynamics and Boundary Layer Meteorology
faculty:	 J.D. Opsteegh

	 B. v.d. Hurk

	 A.J. van Delden

	 H. van Dop

Physical Geography and Oceanography of the Coastal Zone
faculty:	 H.E. de Swart

	 P. Hoekstra

	 B.T. Grasmeijer

	 A.J.F. Hoitink

	 A. Kroon

	 B.G. Ruessink

	 J.H. van den Berg

	 L.C. van Rijn 
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3.1 	 Ice and Climate

The cryosphere (all ice and snow, including permafrost) constitutes an important component 

of the climate system. Changes in the state of the cryosphere can have large consequences 

for human activities (infrastructure affected by thawing of permafrost, ice avalanches, out-

burst of glacial meltwater lakes, new shipping possibilities due to reduced sea ice, problems 

with reduced snow cover in ski areas, etc). For the Netherlands the most important aspect of 

changes in the cryosphere is the relation between glacier volume and sea level. It is thus not 

surprising that the interaction between glaciers / ice sheets and climate is an important topic 

of research at IMAU. The Ice and Climate research group studies glaciers and ice sheets with 

theoretical and numerical models, with in situ data collection with specialised equipment, and 

with analysis of data provided by a range of satellite instruments. 

Several of the activities listed above were performed with support of the Netherlands Polar 

Program (NPP). In an international evaluation, of which the report appeared in 2005, the 

polar research performed by the Ice and Climate group at IMAU was assessed as an excellent 

contribution. Our group will continue to lead the theme, Ice, Climate and Sea Level of the 

NPP, and has contributed.

During the past years we have used numerical models of ice sheets to study the evolution of 

continental ice sheets during the last millions of years, with a focus on the interpretation of 

oxygen isotope records from marine sediments. Much attention was also paid to the interac-

tion between ice sheets and the solid earth and the consequences for the interpretation of 

past sea-level changes. Resolution in numerical ice-sheet modelling remains a critical issue 

and we found that extreme care has to be taken in the formulation of boundary conditions.

A new topic is the dynamics of tidewater glaciers. Many of the world’s larger glaciers are tide-

water glaciers: they end in the sea and produce large amounts of icebergs. The response of 

these glaciers to climate change is a major uncertainty in projection of future sea-level rise due 

to changes in glacier volume. Models of different complexity were developed and compared. 

A significant effort was made to set up an international research programme (GLACIODYN) 

as a contribution to the International Polar Year (IPY). Much more data are needed to validate 

models of tidewater glaciers. Parameterisation of the calving process and a better representa-

tion of sliding are the most critical issues.

The ongoing operation of automatic weather stations on the Morteratschglacier in Switzer-

land, on Hardangerjøkulen and on Storbreen in Norway and in Greenland and Antarctica has 

been successful. We have continued our mass balance measurements on the west-Greenland 

ice sheet; with 16 years of observations it is by far the longest in situ mass balance record from 

the Greenland Ice Sheet. In support of these observations, automatic weather stations are 

operated along the mass-balance transect (the “K-transect”). These stations have delivered 

important data for the interpretation of the mass balance results. In addition, we have col-

lected two years of turbulence data from the Greenland ablation zone, to assess the seasonal 
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variability of the surface roughness. Three AWS in Antarctica have continued to operate near 

the Swedish stations Wasa and Svea and the German station Kohnen.

In the field of regional climate and mass-balance modelling, important progress has been 

made with the modelling of Antarctic surface mass balance. In the reporting period, a start 

has been made with similar work over Greenland in the framework of RAPID international 

research program. 

Climatic interpretation of glacier length records
From different parts of the world there is a wealth of information on glacier fluctuations. Sys-

tematic and precise measurements of glacier area and volume are relatively new (the past few 

decades). However, the length of a valley glacier is a relatively simple parameter to measure 

or to infer from sketches, paintings and early maps. In many cases moraines and trim lines 

provide very useful additional information. A number of 169 records of glacier length were 

compiled from various sources. The core of the dataset comes from the files of the World 

Glacier Monitoring Service (WGMS, Zürich). Records were included from glaciers in Patago-

nia, southern Greenland, Iceland and Jan Mayen. Additional information was taken from the 

Satellite Image Atlas of Glaciers of the World (U.S. Geological Survey) and from reports of the 

Swiss Academy of Sciences. The character of the records differs widely (Fig. 1). Some start in 

1600 and have typically 10 data points until 1900, and more afterwards. Other records start 

around 1900, but have annual resolution throughout.

Figure 1 
Examples of glacier length records from 

different parts of the world. Each symbol 

represents a data point. 

From Oerlemans J., Extracting a climate 

signal from 169 glacier records. Science 

308, 675-677, (2005).

Like other climate proxies, glacier length fluctuations are the product of variations in more 

than one meteorological parameter. Glacier mass balance depends mainly on air tempera-

ture, solar radiation and precipitation. Extensive meteorological experiments on glaciers have 
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shown that the primary source for melt energy is solar radiation, but that fluctuations in the 

mass balance trough the years are mainly due to temperature and precipitation. To compen-

sate for the mass loss due to a 1 °C warming, a 25 % increase in annual precipitation is typi-

cally needed, which is a large number. Since precipitation anomalies normally have a smaller 

spatial and temporal scale than temperature anomalies, it is likely that glacier fluctuations 

over decades to centuries on a continental scale are primarily driven by temperature.

To calculate with a simple model (first-order linear response equation) an annual temperature 

record that can explain the fluctuations of a certain glacier, two parameters characterising 

that glacier are needed: the response time τ, and the climate sensitivity c (conveniently ex-

pressed as the decrease in equilibrium glacier length for a 1 °C warming). It is possible to 

estimate c and τ with glacier models; c and τ depend mainly on the surface slope of the glacier 

and the climatic regime. Steeper glaciers have a smaller response time and are less sensitive. 

Glaciers in a wet climate are also faster, but at the same time are more sensitive than glaciers 

in a dry climate.

The global mean temperature as reconstructed from the 169 glacier length records is shown 

in Fig. 2. It is a combination of an area-weighted mean for the period 1834 – 1990 and a 

stacked record for all glaciers before 1834 (because before this year there is no record for 

all regions as defined above). It should be stressed that the temperature reconstruction pre-

sented here is fully independent of other sources (proxy or instrumental).

To make an error estimate 100 alternative temperature reconstructions were generated by 

subsampling and varying the parameters c and τ. The standard deviation calculated from this 

set of reconstructions is taken as an estimate of the error in the best estimate based on all 

records. This standard deviation has been smoothed in time. Changes in the resulting band-

width reflect first of all the effect of the steadily increasing number of glacier records.

The derived global temperature record is in broad agreement with other reconstructions, and 

for the last part also with the instrumental record. However, the glacier reconstruction shows 

a some what larger amplitude on the century time scale. Because glaciers need time to react 

and the number of records drops sharply after 1995, the warming seen in the instrumental 

record over the last 15 years is not yet picked up by the reconstruction.

Temperature curves appear to be very similar for glaciers with low and high median elevation. 

Low and high glaciers are classified as glaciers with median elevation below and above 2850 

m respectively. Although the evidence is not conclusive because only a limited altitudinal 

range is considered, the glacier record does not show any sign of a height dependence of the 

global warming signal.
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Figure 2 
Reconstructed global mean temperature anomaly. Due to the delayed response of glaciers and the 

strongly decreasing number of records, temperature cannot be reconstructed for the period after 

1990.

 

Climate reconstruction from the EPICA Dronning Maud Land ice core
High-resolution climate information obtained from the second EPICA (European Program for 

Ice Coring In Antarctica) revealed a strong link between climate oscillations in Antarctica and 

Greenland. The EPICA core drilled at Kohnen base in Dronning Maud Land (DML) represents 

South Atlantic climate at a resolution comparable with Greenland ice core records. 

Figure 3
Antarctic stable isotope records show 

synchronous millennial variations dur-

ing the last glacial, whereas rapid vari-

ations are encountered in Greenland. 

EPICA DML (EDML), EPICA Dome C 

(EDC) (blue), Dome F (pink) and Green-

land North GRIP (NGRIP, black) oxygen 

isotope record over the past 150.000 

yr. The temperature axis on the right 

side indicates approximate surface 

temperatures Lower curves show 

mineral dust records of the EDML (red) 

and EDC12 (pink) ice cores at 1,000-yr 

resolution; these dust records were used for synchronization of the cores.

From EPICA Community members, J. Oerlemans, M. R. van den Broeke, R. S. W. van de Wal, One-

to-one coupling of glacial climate variability in Greenland and Antarctica, Nature 444, 195-198, 

(2006)
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After methane synchronization with an ice core from North Greenland (NGRIP), the oxygen 

isotope record from the Dronning Maud Land ice core shows a one-to-one coupling between 

all Antarctic warm events and Greenland Dansgaard–Oeschger (D-O) events by the bipolar 

seesaw (Figure 3). The bipolar seesaw represents the drainage of heat from the Southern At-

lantic Ocean when the meridional overturning circulation in the North Atlantic is more active 

(warmer Greenland, slowly cooling Antarctica). For the first time, two high-resolution records 

could be used to also compare timing and amplitude of the D-O events. The amplitude of the 

Antarctic warm events is found to be linearly dependent on the duration of the concurrent 

stadial in the North, suggesting that they all result from a similar reduction in the meridional 

overturning circulation. The hypothesis that the southern and northern hemisphere climates 

are intimately linked through Atlantic Ocean heat transport (the See Saw hypothesis) is con-

formed by these observations. 

Reconstruction of temperature over the last million years
New avenues have been explored in ice sheet modelling by the development of an inverse 

method which generates air temperature and sea level from a marine oxygen istope record. 

The model is based on the idea that on glacial-interglacial time scales the main contribu-

tion to changes in the marine benthic oxygen isotopic record originates from two sources, 

namely (i) the change in ice volume in the Arctic, and (ii) the deep-sea temperature. Both 

quantities depend on the mid-latitude to Arctic surface air temperature. In the model the 

two contributions to changes in the oxygen record are separated by means of an inverse 

modelling approach. Oxygen isotopes are treated as passive tracers in the ice and a simple 

relation between air temperature and deep-sea temperature is used. Results of the approach 

are mutually consistent records of surface air and deep-ocean temperature, sea level and ice 

volume. One of the key findings is that surface air temperatures are approximately 17˚C lower 

in the Northern Hemisphere during extreme glacial periods (Figure 4), which is somewhere in 

between estimates based on isotope studies from ice cores, and temperature inversions from 

borehole loggings in ice, which are in addition both considered to be local values. The tem-

perature curve shown in Figure 4 is assumed to be representative for the mean temperature 

between 40˚N and 80˚N, and compares favourably with the Dome C reconstruction based on 

δD measurements (EPICA), suggesting a global coherence between the Northern and South-

ern Hemispheres on multi-millennium time scales. The start of glacial periods is characterized 

by a rapid cooling of 4˚C per kyr and mean temperatures are estimated to be 9.4 ˚C below 

present-day values. The advantage of the new approach is that marine benthic records are 

analysed in a model framework that is based on conservation of isotopic mass and the physi-

cal principles of ice-sheet modelling.
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Figure 4 
Reconstruction of Northern Hemisphere surface air temperature over the last 1.070 Kyr (blue, third 

curve). (Bintanja et al. 2005). Also shown are July insolation at 65˚N (red, upper curve), the input 

marine oxygen isotope stack (black, second curve) and Antarctic δD (green, lower curve). The blue 

error bar shows a temporal varying uncertainty based on model and input uncertainties.

From Bintanja, R., R. S. W. van de Wal, J. Oerlemans, Modelled atmospheric temperatures and glo-

bal sea levels over the past million years, Nature, 437, 125-128 (2005)

On bedrock adjustment in ice sheet models
The isostatic depression of the solid earth as a result of ice loading can reach about one third 

of the ice thickness, and so crustal subsidence of up to 1 km is common for large ice sheets. 

Local precipitation and melt both depend on surface elevation, so it is clear that an accurate 

treatment of the vertical deformation due to isostatic adjustment is important for the mass 

balance of ice sheets. A Cartesian model with an elastic lithosphere and a single relaxation 

time is the most widely used earth model in glaciological applications. This model is easy to 

implement and computationally efficient, and it is generally assumed that it is adequate to 

describe the interaction of ice sheets and the solid earth. We have performed several experi-

ments, which clearly showed that this assumption is incorrect, at least for the Fennoscandina-

vian ice sheet. Figure 5 shows simulated ice thickness in Eurasia at the Last Glacial Maximum 

(LGM) for two different earth models: (i) a spherically symmetric viscoelastic self-gravitating 

earth model (SGVE, left plot) and (ii) a Cartesian elastic lithosphere with a single relaxation 

time (ELRA, right plot). In the SGVE model viscosities have been tuned for Eurasia, whereas 

the lithospheric strength and relaxation time of the ELRA model were tuned such that the 

LGM ice volume fitted the ice volume as predicted by the SGVE model. The distribution of the 

ice is clearly very different. By adopting different combinations of lithospheric strength and 

relaxation time, the fit in ice distribution can be improved. However, the ice volume at the 

LGM is then underestimated by 30 percent. Based on this finding and some additional tests 

we concluded that the SGVE and the ELRA models are fundamentally incompatible. The SGVE 

model represents a physically more comprehensive treatment of the earth response, hence 

we recommend to use this model rather than the widely adopted ELRA model, despite the 

additional computational effort.
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Figure 5
Ice thickness (in m) at LGM for the SGVE model (left) and ELRA model (right). Note the different 

location and height of the highest point.

From Berg, J.v.d., G. Milne, R. S. W. van de Wal, J. Oerlemans, submitted: The effect of earth param-

eters on the evolution of the Fennoscandinavian ice sheet

Figure 6 
a) Surface height observations from the 

sonic height ranger; 

b) momentum roughness lengths from 

S5, S6 and S9 as a function of time with 

every dot representing a bin averaged 

median value of the data (bin size = 30 

days).

From Smeets, C.J.P.P. and M. R. van den 

Broeke, submitted: Temporal and spatial 

variation of momentum roughness length 

in the ablation zone of the Greenland 

ice sheet, Boundary-Layer Meteorology 
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Seasonal variations of roughness length in the Greenland ablation zone
For the response of the Greenland ice sheet to climate change the narrow ablation zone is 

of particular importance, since it accommodates the yearly net surface ice loss. In models the 

bulk-aerodynamic method is often used to calculate the turbulence surface fluxes for which 

momentum roughness length (z0) is a key parameter. This work presents, for the first time, 

spatial and temporal variations of z0 in the ablation area of the Greenland ice-sheet using 

year-round data from three AWS and one Eddy-Correlation (EC) mast. S 5 (lower ablation 

zone, 350 m asl), AWS 6 is situated in the middle ablation zone (app. 1000 m asl) and AWS 9 

close to the equilibrium line (1500 m asl).

An important first result is that all snowfall in the lower ablation zone collects in gullies and 

crevasses, so that the low-albedo ice remains at the surface and no change in surface height 

is detected, in contrast to sites higher on the ice sheet (Figure 6a). This effect should be taken 

into account in mass balance models of the Greenland ice sheet.

The year-round values of z0 throughout the ablation area reveal very large variations (Figure 

6b). In the lower ablation area, during summer melt, large ice-hummocks are formed increas-

ing z0 above 1 cm. During winter z0 reduces to about 10−4 m due to snow accumulation 

and redistribution. The overall year-round variation of z0 in the lower ablation area is a factor 

of 500. At the end of summer melt, rough ice covers most of the ablation area up to 60 km 

from the ice edge with z0 > 0.005 m. At the beginning of winter, z0 decreases surprisingly 

fast in the lower ablation area. Single snow events have the potential to lower z0 by a factor 

of 20 to 50, even in case of a very rough ice surface. This suggests that for the total surface 

drag the abundant small-scale ice hummocks dominate over the less frequent large domes 

and deep gullies. 

3.2 	 Ocean Circulation and Climate

The general objectives within this research theme are (i) to contribute to a more detailed 

description of the present large-scale ocean circulation including its variability; (ii) to identify 

physical processes maintaining this circulation, and (iii) determine the role of the ocean cir-

culation in the evolution of the climate system. The research effort has been divided in two 

main projects. 

The first research project focuses on the ‘South Atlantic inter-ocean exchange and its global 

connection’. One of the key areas in the global ocean circulation is the inter-ocean connec-

tion between the Indian and the South Atlantic Oceans, near the southern tip of the African 

continent. The major western boundary current of the Indian Ocean, the Agulhas Current 

overshoots the African continent but retroflects back into the Indian Ocean. Occasionally 

large rings are shed from the retroflection into the South Atlantic Ocean, transporting large 

amounts of excess heat and salt. In 2005-2006 observations from the ACSEX (Agulhas Current 
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Sources Experiment) and LOCO (Long-term Ocean Climate Observations) projects have been 

further analyzed and interpretations supported by numerical simulations have been made, 

in close cooperation with researchers from the Royal NIOZ. Within LOCO more observations 

have been carried out in the Mozambique Channel to study the transport and variability of 

the upstream sources of the Agulhas. These observations will be combined directly with high-

resolution ocean models using advanced data-assimilation techniques.

The second research project focuses on the ‘Stability and variability of the ocean circulation’. 

Within this project, the large-scale ocean circulation is investigated both by more traditional 

methods and by using elements from dynamical system theory. In particular, equilibria of the 

large-scale ocean circulation as well as the stability of these equilibria are investigated, with 

applications to potential sources of present and past climate changes. For example, a theory 

for the North Atlantic Multidecadal Variability in the present climate has been developed, and 

the Atlantic-Pacific flow reversal in the early Miocene has been studied in detail.

In cooperation with researchers from the KNMI the ESSENCE project has been initiated. In this 

project, climate change over the period 1950-2100 has been studied using ensemble simula-

tions with a coupled climate model. The results indicate that the observed warming over the 

last 60 years in many parts of the world is statistically undistinguishable from the estimated 

warming caused by increased greenhouse gas concentrations.

From the Indian Ocean to the global thermohaline circulation. 
Satellite altimeter observations of sea-surface height (SSH) variability of the southwest Indian 

ocean show a region of maximum variability in the Agulhas retroflection and Return Cur-

rent that is connected to the north with the variability in the Mozambique Channel and that 

around the southern tip of Madagascar (Fig. 1). Eddies formed in the northern Mozambique 

Channel and south of Madagascar propagate and, on arrival at the Agulhas Retroflection, 

affect the shedding rate of Agulhas rings. 

The contribution of these Agulhas rings to the global thermohaline circulation has been in-

vestigated in an adiabatic high-resolution model of the Atlantic Ocean. This revealed how the 

ring signal is carried through the Atlantic basin by Rossby- and Kelvin waves, and that changes 

in the thermohaline circulation due to the adiabatic contribution of these rings are consider-

able. Furthermore, the recent literature on the propagation mechanism of ocean rings has 

been reviewed, and a more general propagation mechanism has been proposed.

Interannual variations of the rate of eddy formation in the Mozambique Channel appear as 

a lagged response to the Indian Ocean Dipole (IOD) events. These generate large-scale SSH-

anomalies that propagate westward as forced Rossby waves in the latitude band around 10º 

S. They arrive at the coast of Madagascar about one year after each IOD event. Subsequently, 

the strength of the currents through the narrow section of the Mozambique Channel varies, 

and so does associated eddy activity, around 17ºS. 
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In the East Madagascar Current we discovered eddies in the hydrographic sections that have 

their maximum salinity and velocity signature at the base of the thermocline. They could be 

traced back to the highly evaporative area in the south-east Indian Ocean. 

 

Figure 1
RMS of the sea surface height (in 

cm) in the South Indian Ocean from 

the combined T/P-ERS data set.

The upper-ocean eddy activity in the separation region of the East Madagasacar Current, 

south of Madagasacar, appears controlled by variability generated in the subtropical band of 

enhanced variability around 25ºS east of Madagascar. There, we discovered a surface intensi-

fied eastward jet, concentrated mostly in the upper 300 m (which was named the Subtropical 

Indian Ocean Countercurrent (SICC). It is probably a frontal jet along the northern branch of 

the subtropical front.

The SICC flows in direction opposite over the SEC and becomes baroclinically unstable at a 

range of unstable frequencies around 4-5 times per year, consistent with the observed peak 

in the SSH spectrum in the western part of the variability band.

Signal-to-noise ratio in climate projections
The main aim of the ESSENCE project was to compute an adequate estimate of the statistics 

of internal climate variability and hence be able to obtain a good signal-to-noise ratio for the 

forced signal due to the increase of greenhouse gases. In the project, a 17 member ensemble 

simulation of climate change in response to the SRES-A1b scenario was carried out using the 

ECHAM5/MPI-OM climate model. The relatively large size of the ensemble enabled us to bet-

ter distinguish the forced signal from internal variability. We showed that in large parts of the 

world the observed warming over the last 60 years is statistically indistinguishable from the 

warming forced by increased greenhouse gas concentrations.

A great advantage of a large ensemble is the large noise reduction that can be achieved by av-

eraging over all ensemble members. We were able to determine the year in which the forced 

signal (i.e., the trend) in the surface temperature emerges from the noise. (Fig. 2). A student 

t-test, in which the trend over a particular period is compared with the standard deviation of 

the noise, was used. 
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Figure 2 
Year in which the trend 

(measured from 1980 on-

wards) of the annual-mean 

surface temperature emerges 

from the weather noise at the 

95%-significance level. 

The earliest detection times are found off the equator in the western parts of the tropical 

oceans, where the signal emerges as early as around 2000 (and for some regions even earlier) 

from the noise. In these regions the internal variability is extremely low while the trend is only 

modest. A second region with an early detection is the Arctic, in which the trend is very large 

due to the decrease of the sea-ice. The longest detection times are found along the equatorial 

Pacific where, due to El Nino, the variability is very high, as well as in the Southern Ocean and 

the North Atlantic, where the trend is very low. 

Data assimilation for nonlinear dynamics.
Data assimilation is the combination of numerical models and observations to integrate our 

knowledge of the dynamical equations and the actual state of the ocean. In this way more 

can be learned about the ocean dynamics of the real ocean, about model deficiencies, and 

model parameters can be estimated. At IMAU we focus on data-assimilation methods that 

can deal with highly nonlinear numerical models, since the actual ocean is highly nonlinear. To 

this end we use Monte-Carlo methods, also called particle methods, in which several model 

runs are performed to obtain a representation of the probability density structure of the 

model, given the model uncertainties. A serious problem is that the number of model runs, 

or particles, has to be much larger than is affordable on the largest supercomputers of the 

world. Several optimizations of the particle methods have been developed at IMAU over the 

last few years. One of them uses corrections to the model state that are local in space and 

time, so-called Local Sequential Importance Sampling. The effect of these local corrections is 

that the effective size of the ensemble of particles increases roughly with the ratio of the total 

model area over the area used in the local correction, which is typically of the order of 1000. 

An example is presented in figure 3, in which we estimated the horizontal mixing parameter 

in a global version of the state-of-the-art ocean circulation model OPA, based on model de-

rived sea-surface height observations, in anticipation of the Gravity and Ocean Circulation 

Experiment (GOCE) satellite. The model has about 500,000 grid points This problem is highly 

nonlinear since the relation between the sea-surface height and the mixing parameters is not 

local and very complicated. The large-scale features of the reference are well represented, but 
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at smaller scale large differences occur. The patchiness of the data-assimilation result is due 

to the noise added to the geoid observations (1 cm uncorrelated in space). The interpretation 

of this result is that sea-surface height observations alone are not sufficient to constrain the 

horizontal mixing parameters of the ocean model. 

Figure 3 
Horizontal mixing parameters in the global ocean circulation model OPA. The upper panel shows the 

reference, the lower panel the estimation of that reference using sea surface height as observations. 

Units are 1000 m2/s.

 

Theory of the North Atlantic Multidecadal Variability

The North Atlantic sea-surface temperature (SST) appears to have a distinct signal of multi-

decadal variability. The difference of the SST pattern between the relatively warm years 1950-

1964 and the relatively cold years 1970-1984 shows negative anomalies near New Foundland 

and positive anomalies over the rest of the basin (Fig. 4a). We have proposed an explanation 

of the physical processes responsible for the time scale and the spatial pattern of the Atlantic 

Multidecadal Variability (AMV). Our approach  involved the analysis of solutions of a hierarchy 

of models. In the highest member of the model hierarchy, which is the GFDL-R30 climate 

model, multidecadal variability is found as a dominant statistical mode of variability (Fig. 4b). 

In the lowest member of the model hierarchy, which is an ocean-only model for flow in an ide-

alized basin, the variability shows up as a multidecadal oscillatory mode which is able to desta-

bilize the mean thermohaline circulation (Fig.4c). The spectral origin of this mode is a merger of 

so-called SST modes. The connection between results in both models was established by tracing 
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the  spatial and temporal expression of  the multidecadal mode through  the model hierarchy 

while  monitoring  changes in specific  quantities (mechanistic  indicators)  associated with 

its physics. The proposed explanation of the properties of the AMV was eventually based on 

the changes in the spatial patterns of variability through the model hierarchy. The time scale 

derives from the east-west travel time of a density anomalies over the Atlantic basin, whereas 

the spatial pattern results from a deformation of the pattern of the multidecadal mode due 

to continental boundaries. 

Figure 4 
(a) Observed pattern of the difference in North Atlantic sea-surface temperature (in C) between the 

relatively warm period 1950-1964 and the relatively cold period 1970-1984 (Kushnir, J. Climate, 7, 

141, 1994). 

(b) Difference in SSTs between the maximum and minimum meridional overturning  for the statisti-

cal multidecadal mode in the GFDL-R30 model. 

(c) Difference in SSTs between maximum and minimum meridional overturning for the multidecadal 

oscillation in an idealized ocean-only model. From Dijkstra, H. A., L.A. te Raa, M. Schmeits and J. 

Gerrits, On the physics of the Atlantic Multidecadal Oscillation, Ocean Dynamics, 56, 36-50, (2006).

The Atlantic-Pacific flow reversal in the early Miocene

Using a fully-coupled climate model (CCSM1.4), we have simulated the Earth’s climate state 

in the late Oligocene and the early Miocene. The model results show the existence of a flow 

reversal through the Panama Seaway between these periods (Fig. 5). This flow reversal is 

induced by global tectonic changes related to the widening of the Southern Ocean passages 

24IMAU Biennial Report 2005/2006



and the closing of the Tethys Seaway. As indicated by previous model studies it mainly involves 

the wind-driven ocean circulation. The climatic consequences of the flow reversal are that the 

upper waters of the Caribbean Sea and the tropical Atlantic become substantially cooler and 

fresher. This may have influenced the Caribbean fauna, in particular the warm-water coral 

species. The global meridional overturning circulation is not affected by the flow reversal, as it 

does hardly change from the Oligocene to the Miocene simulation. However, the meridional 

overturning is different from the present-day state, as there is deep water formation in both 

the North Atlantic and the North Pacific Oceans. 

Figure 5 
Barotropic streamfunction for (a) the 

Oligocene simulation (30 Ma) and (b) the 

Miocene (20 Ma) simulation. The data 

are averaged over the last 40 years of the 

simulation. Solid lines indicate positive 

stream function (clockwise gyres), dashed 

lines negative stream function (anti-clock-

wise gyres). Contour intervals are 10 Sv. 

From A. S. Von der Heydt and Dijkstra, 

H. A., The Effect of Ocean Gateways on 

the Global Ocean Circulation in the Late 

Oligocene and Early Miocene, Pale-

oceanography, 21, PA1011, doi:10.1029/

2005PA001149, (2006).

 

3.3 	 Atmospheric Physics and Chemistry

Environmental issues such as air pollution, stratospheric ozone depletion and global warming 

are closely linked to anthropogenic activities and a changing chemistry of the atmosphere. 

The Atmospheric Physics and Chemistry group at IMAU combines field measurements, labo-

ratory measurements and atmospheric models to study the impact of chemical, physical and 

dynamical processes on the atmospheric chemical composition. 

The key experimental expertise of the group is the development and application of isotope 

techniques to atmospheric chemistry. The isotopic composition of trace compounds gives 

information about its sources, sinks and chemical reaction pathways in the atmosphere. We 

operate a large isotope laboratory with numerous preparation and extraction devices coupled 

to isotope ratio mass spectrometers. Each analytical system is specially designed to determine 

concentration and isotopic composition of a certain atmospheric component, and we have 
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systems operational for isotope measurements on CH4, N2O, H2O, H2 and CO2. Further meth-

ods for isotope analysis on organic compounds and aerosols are under development. Samples 

are collected at many stations around the globe and from environments reaching from the 

stratosphere to polar ice cores, often in the framework of large international or national 

projects (e.g. BARCA-LBA, EUROHYDROS, SCOUT-O3, NEEM). 

The models simulate distributions of, for example, aerosols and cloud microphysical param-

eters, and of greenhouse gases such as carbon dioxide (CO2), methane (CH4) and ozone (O3). 

The results can be used to assess the effect of the changing abundance of trace species on 

the Earth’s climate. For that purpose a coupled chemistry-climate model and a chemistry-

transport model are available. Additionally, more detailed box-models and 1D-models of, e.g., 

radiative transfer, atmospheric chemistry, or cloud microphysics are used for process oriented 

studies of the climate system. The model performance is evaluated by comparing simulation 

results with measurements made at the surface, from aircraft, or from satellite platforms. The 

modelling research projects are closely coupled to other research groups in the Netherlands 

(KNMI, SRON, TNO, ECN) and in Europe (e.g., the Max Planck Institutes for Chemistry (MPI-C) 

and for Meteorology (MPI-M) in Germany, the Joint Research Centre in Italy, and the Univer-

sity of Crete in Greece).

Investigation of the global H2 budget and the potential impact of a 
hydrogen economy on atmospheric chemistry and composition
Hydrogen may well be the fuel of the future. It is not a direct greenhouse gas itself, and it 

burns cleanly to produce only water as an exhaust. Hydrogen emissions are not, however, 

without potential consequences for the chemistry of the atmosphere and – via formation 

of water vapor – for stratospheric ozone. The details of those effects can be estimated only 

roughly because the atmospheric cycle of hydrogen has been studied little in the past. Given 

the potential impact of a global hydrogen economy on atmospheric hydrogen, there is now 

interest to understand the present budget of H2 before such a drastic change in the global 

cycle takes place. EUROHYDROS is a recently started FP6 EU project aimed at the investigation 

of the atmospheric cycle of molecular hydrogen (H2). It comprises an observational network 

with 12 continuous measurements sites in Europe, 7 flask sampling sites in Europe and 6 

global flask sampling sites. Concerning the European sites, a range of observation from clean 

air stations for measurements of atmospheric background to moderately polluted (e.g. urban 

outflow) and urban (i.e. polluted) sites was chosen. This will enable to improve the under-

standing of hydrogen in the global background atmosphere and of the impact of European 

emissions on the present day atmosphere, e.g. using local modeling techniques and radon 

flux calculations. The APCG group from IMAU contributes with measurements of the isotopic 

composition of H2. This is an excellent tool to quantify the individual source and sink terms in 

the budgets, and it will be carried out for the first time on a large scale. 

Within an associated national project we will also determine precisely the isotope source sig-

natures of the most important sources and sinks. 
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Figure 1
Eurohydros continuous (left) and flask measurement stations. The ACPG group will analyze the 

isotopic composition of flask samples from three global and three European flask sites, as well as 

various source a sink studies. 

Investigation of the tropical sources of CH4 – emissions from plants
The strong greenhouse gas methane is important for the radiative balance of the earth and 

plays a central role in atmospheric oxidation chemistry. Therefore, its atmospheric cycle, in-

cluding natural and anthropogenic sources has been studied intensively. It has become estab-

lished textbook knowledge that most of the methane produced from natural sources should 

originate from biological processes in anoxic environments. However, we have recently dem-

onstrated that methane can be formed in situ in terrestrial plants under normal oxic condi-

tions by a hitherto undiscovered process. First global estimates indicate that emissions from 

plants are an important methane source, which has been overlooked in the past. 

We are presently attempting to identify and quantify methane emissions from plants using a 

comprehensive approach on different scales. This includes global and regional atmospheric 

observations and modelling, measurements on ice core air, emissions from different plant 

species under various environmental conditions and studies on the underlying production 

mechanisms of methane and other organic trace gases in plants. We are using high preci-

sion concentration and isotope measurements, as well as flux measurements to study those 

emissions as well in the laboratory as in the field. The fieldwork is associated with the inter-

national BARCA/LBA campaign in Brazil in fall 2007. We will setup a dedicated atmospheric 

measurement program using complementary techniques at suitable locations to identify the 

source that causes the CH4 elevations observed recently from satellite platforms and to iden-

tify and better constrain methane emissions from vegetation. Suitable measurement stations 

are selected with the help of atmospheric models. The plant experiments will provide detailed 

process information and emission estimates, which are needed to adequately incorporate the 

plant source in models. All results will be integrated in global models available at IMAU to 

better constrain the magnitude of the vegetation source, which will lead to a better under-

standing of the past, present and future methane cycle. 
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Figure 2 
Top: CH4 emissions from vegetation as 

implemented in the model by Houweling 

et al., [Geophys. Res. Lett., 33, 2006] using 

a parameterization based on the leaf area 

index.

Bottom: The corresponding atmospheric 

signal from those plant emissions relative 

to a reference scenario without plant emis-

sions. The positive values are a signature of 

the vegetation emissions, primarily over the 

Amazon region and the African rainforest. 

In order to keep the budget closed one has 

to reduce emissions from other sources in 

the model when vegetation emissions are 

introduced. This causes the negative signals 

in regions with reduced emissions from rice 

cultivation and wetlands.

Simulation of cloud processing in ECHAM5-HAM 
Clouds reflect part of the incoming solar radiation and absorb and emit radiation in the infra-

red region. They are therefore an important factor in the radiative budget of the Earth, but 

their influence is susceptible to anthropogenic emissions of aerosol and aerosol precursors. 

The aerosol abundance in the atmosphere influences cloud optical properties, but chemical 

processes occurring in the cloud water also affect the aerosol size distribution and chemical 

composition in return. The later process is referred to the cloud processing of aerosols. The 

efficiency of the processing is determined by cloud dynamics as well as the size and chemical 

characteristics of the aerosol population. The research presented here focuses on the mutual 

influence between aerosol and clouds and the development of parameterizations to represent 

these processes in large scale models.

The coupled aerosol-climate model ECHAM5-HAM consists of the general circulation model 

ECHAM version 5 in which an aerosol module (HAM) is implemented that accounts for emis-

sions of aerosol and aerosol precursors, chemical transformations, nucleation of new particles 

and condensation of semi-volatile H2SO4 on existing particles, coalescence between particles 

and dry and wet deposition. The aerosol population is represented by four soluble and three 

insoluble aerosol modes, containing (mixtures of) sulfate, organic carbon, black carbon, sea 

salt and dust. 

The model contains a detailed parameterization for cloud processing that predicts the cloud 

drop number concentration (CDNC) based on simulated aerosol properties and meteorologi-

cal conditions, and calculates in-cloud sulfur chemistry while accounting for size and chemi-

cal differences between cloud drops. The cloud processing parameterization is linked to the 
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climate model’s large-scale cloud scheme, which has prognostic equations for cloud liquid 

water and ice. For our study only the liquid phase is relevant. Four years were simulated in the 

T21 resolution (approximately 5.6° x 5.6° with a 2400 second time step). The model uses 19 

vertical layers in a hybrid s-p- coordinate system, from the surface to 10 hPa. The simulated 

meteorology is generated by the climate model and does not reflect actual meteorological 

events. 

Figure 3 shows the annually averaged CDNC of the simulated clouds. The distribution is ob-

tained by sampling the model domain as from a satellite, i.e., using the highest cloudy grid 

box from each model column, but at altitudes below 500 hPa and with a cloud cover larger 

than 10%. The simulated annual CDNC is between 100 and 450 cm-3 (ambient air pressure) 

in relatively polluted continental air and outflow regions. Simulated cloud drop radii over the 

continents are of the same range as those obtained from remote sensing measurements. In 

oceanic regions the simulated CDNC is 5-25 cm-3, significantly smaller than observed. As a 

result, cloud drop radii in the marine atmosphere are strongly overestimated. The discrepancy 

is probably due to the fact that organic emissions from the ocean surface are not considered 

in the model. The potential influence of ocean organics on the chemical composition and the 

cloud forming properties of marine aerosol is currently being investigated further.

Figure 3 
Global distribution of 

annually averaged CDNC 

(cm-3). CDNC is sampled as 

from a satellite, using the 

highest cloudy grid box 

below 500 hPa from each 

model column.

 

3.4 	 Atmospheric Dynamics and Boundary Layer Meteorology

The Atmospheric Dynamics and Boundary Layer Meteorology Group is concerned with a rela-

tively wide range of topics. First, due to connections with the Ice and Climate Group, part 

of the research is concerned with the dynamics of katabatic flow over (melting) glaciers and 

ice sheets. This is very important for the understanding and quantification of the energy 

exchange between ice and atmosphere, which ultimately determines the fate of the glacier 

or ice sheet. Second, since approximately 1995 a research project within this group has been 

concerned with the synoptic setting and prediction of thunderstorms. This is a very popular 

topic for Masters thesis research projects. In recent years three articles have been published in 
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peer-reviewed journals by Masters students on this topic. The third research topic is concerned 

with cyclogenesis, both near the Earth’s surface and in the tropopause-break region. In 2006 

this has resulted in a PhD thesis on the fundamental theory of cyclogenesis. The fourth topic 

that is studied by the group is the atmospheric large scale circulation over the poles. Of special 

interest here is the radiative-chemical-dynamical response of the atmosphere to man-induced 

changes in the composition of the stratosphere. In the following we give more details of the 

4 separate projects.

Large Eddy Simulation of Katabatic Flows 
In alpine areas, the heating and cooling of air, in combination with sloping terrain, generate 

convective valley winds and down slope flows over melting glaciers and ice sheets (katabatic 

winds), which determine the water supply in lower regions, e.g., relevant for hydro power 

control and irrigation. In the past, many analytical and computational studies of these flows 

have left some questions, the first mostly because of the necessary simplifications and the lat-

ter because of their lack of resolution of the flow structure and the topography in the domain. 

This situation has vastly improved and we are now able to perform computations of fairly 

detailed structures of density driven flows in a complex environment. Supported by recent 

and planned field and laboratory experiments in idealized topography, these studies provide a 

better description and understanding of mesoscale weather phenomena in complex terrain.

Present day computers allow the numerical simulation of slope flows by means of a Large 

Eddy Simulation (LES) model of the Navier-Stokes equations. LES has proven to be a power-

ful tool in atmospheric boundary layer (ABL) studies and is able to faithfully reproduce the 

(thermo) dynamic structure of the ABL.

A version of the IMAU LES model has been adapted to simulate flow over tilted terrain, where 

the acceleration of gravity has a non-zero component in the direction parallel to the ground 

surface. This requires the reformulation of the model equations in a tilted frame of reference. 

Moreover, since katabatic flows are found in the stably stratified ABL, which suppresses large-

scale turbulence, the numerical resolution has to be fine.

As a first step, we simulated katabatic winds along an ‘infinitely’ long hill. Figure 1 shows 

model results of the down-slope wind and temperature. The simulation uses a slope angle of 

6 degrees, and a slightly stable background stratification of -5 ˚C/km. The figure shows that 

the katabatic flow region is very stably stratified, the temperature increases with ~ 4 degrees 

over 10 m. The wind velocity has a maximum of 6 m/s at an elevation of ~ 5m.
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Figure 1
Left:.Temperature (degrees Cel-

cius) as a function of height. 

Right: down-slope wind velocity 

(m/s) as function of height (m). 

Simulation for a slope angle of 6 

degrees and background stratifi-

cation of -5˚C/km. 

	

Figure 2 shows a simple laboratory experiment. A water tank was filled with fresh water and 

then slightly tilted. At the top most end in a small compartment, salt was added to make the 

fluid heavier. We added also dye to the salty water for visualization purposes. After gently re-

moving the interface between the compartment and the rest of the tank a shallow, turbulent 

flow developed.

Figure 2
Water tank demonstration of katabatic 

flow. At the right, salt has been added 

to the water to generate a density differ-

ence, which drives the flow. The shallow, 

turbulent flow was visualized by adding 

dye.

Dynamics of synoptic-scale cyclones
The normal-mode stability properties of various extensions of the Eady-, Charney- and Green-

models have been investigated in many papers. What was lacking, is a detailed investiga-

tion of the non-modal growth properties and the optimal perturbation evolution. Non-modal 

growth is defined as temporal or sustained growth resulting from the superposition of more 

than one normal mode. Optimal perturbations are defined as disturbances which amplify 

optimally for finite-time according to a chosen norm. The idea of non-modal growth is old 

and goes back at least to the work of Orr (1907). Mainly since the work of Farrell, it has been 

realized that transient non-modal growth can play an important role in the initial develop-

ment of perturbations. This has resulted in a substantial literature on the subject in which 

authors have investigated non-modal, and finite-time optimal growth using both numerical 

and analytical methods. 
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A detailed investigation of the different growth mechanisms for the semi-infinite Eady model was 

made. In this model the baroclinic instability mechanism is absent. It was found that the finite-time 

optimal growth at the surface could be explained to a large extent by the occurrence of resonance 

between interior PV and the boundary edge wave at the surface. The growth due to resonance is 

linear in time. Therefore the resonance effect may be more rapid initially than exponential growth 

from standard baroclinic instability. Nevertheless the resonance effect has so far not received much 

attention in the literature.

In a follow up study it was investigated whether the resonance mechanism is also important for the 

surface development in the presence of exponentially growing normal modes. A detailed investi-

gation was performed of the role of the different growth mechanisms (resonance, PV unshielding 

(which is a constructive interference of the non-orthogonal NMs) and normal-mode baroclinic in-

stability) in the evolution of optimal perturbations constructed for a two-layer Eady f-plane model. 

The two-layer Eady model is obtained by replacing the conventional upper rigid lid by a simple but 

realistic stratosphere. The linear dynamics is described in terms of a variable number of potential 

vorticity building blocks (PVB’s), which are zonally wavelike, vertically localized sheets of potential 

vorticity. If the optimal perturbation is composed of only one PVB, the rapid surface cyclogenesis 

can be attributed to the growth of the surface PVB (the edge wave), which is excited by the 

tropospheric PVB via the resonance effect. If the optimal perturbation is constructed using multiple 

PVB’s, this simple picture is modified only in the sense that PV unshielding dominates the surface 

amplification for a short time after initialization. The unshielding mechanism rapidly creates large 

streamfunction values at the surface, as a result of which the resonance effect is much stronger. 

The influence of the stratosphere to the surface development is negligible. In all cases, the growth 

due to traditional normal-mode baroclinic instability contributes only little to the surface develop-

ment up to the optimization time of two days. It takes at least four days for the flow to become 

fully dominated by normal-mode growth, thereby confirming that finite-time optimal perturbation 

growth differs in many aspects fundamentally from asymptotic normal-mode baroclinic instability.

Finally optimal perturbations were constructed for a two-layer β-plane extension of the Eady mod-

el. The optimal perturbations were constructed allowing only one PVB, three PVB’s and finally a 

discrete equivalent of a continuum of PVB’s to be present initially. On the f-plane only the PVB at 

the surface and at the tropopause can be amplified. In the presence of β however, PVB’s influence 

each others growth and propagation at all levels. Compared to the two-layer f-plane model, the 

inclusion of β slightly reduces the surface growth and propagation speed of all optimal perturba-

tions. Responsible for the reduction are the interior PVB’s, which are excited by the initial PVB after 

initialization. If the optimal perturbation is composed of more than one PVB, the PV unshielding-

mechanism dominates the initial amplification in the entire troposphere. At low levels, the interac-

tion between the surface PVB and the interior tropospheric PVB’s (in particular those near the steer-

ing level) takes over after about half a day, whereas the interaction between the tropopause PVB 

and the interior PVB’s is responsible for the main amplification in the upper-troposphere. Finally, it 

takes more time, compared to the f-plane model, for the optimal perturbation to settle into the 

growing normal-mode configuration.
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Figure 3 
a) The dispersion relation for the discrete NMs in the classic Eady model. A pair of growing and decay-

ing NMs exists for waves longer than the short wave cut-off. For larger wave numbers, the two NMs are 

neutral and they resemble the boundary edge waves as the wave number increases. 

b) Growth rates for two other prototype models: the Charney (1947) model and the Green (1960) 

model which is the Eady model on the β-plane. In both β-plane models the short wave cut-off is absent. 

Figure 4 
Hand analysis of the famous 

February 1953 storm that 

caused enormous devastation 

in the Netherlands. Large parts 

in the South-Western part were 

flooded.

Synoptic setting and forecasting of thunderstorms
So-called Thunderstorm indices, such as the Lifted Index or CAPE, are used weather fore-

casters as, admittedly, imperfect thunderstorm predictors. During the past years we have 

continued our search for a better performing thunderstorm predictor. Using an extensive data 

set comprising locations and times of lightning-strikes during a period of approximately 10 

years and high-resolution radiosonde observations made at De Bilt, we found that the surface 

based lifted index is the best existing index for forecasting the occurrence of thunderstorms. 

When the surface based lifted index<-3°C there is a 60% chance of thunderstorm occur-
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rence. We think that the reason for this still relatively low probability is due to the neglect of 

the effect of lifting and replenishing of moisture in the area of interest. These effects can be 

quantified by the vertically integrated moisture flux convergence. This quantity can be calcu-

lated from ECMWF-analyses. We have evaluated the performance of the vertically integrated 

moisture flux convergence as a thunderstorm predictor, together with the traditional thunder-

storm predictors and have come up with a better performing thunderstorm predictor which 

takes into account both the low level static latent instability and the lifting and replenishing 

of moisture.

Figure 5
Relation between moisture flux conver-

gence and thunderstorms. Distribution of 

vertically integrated moisture flux conver-

gence (blue) (zero-contour: thick; contour 

interval 10-4 kg m-2s-1) on August 8, 1992, 

12 UTC and the location of lightning 

discharges (black dots) between 12 and 

18 UTC fixed by the ATD lightning location 

system.

 

Figure 6
Thunderstormformation due to moisture 

flux convergence at a front. Meteosat satel-

lite image (infrared channel), on August 8, 

1992, 1530 UTC, showing thunderstorms 

over Western Europe, associated with posi-

tive moisture flux convergence and strong 

potential instability.
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Atmospheric General Circulation and Global Change
This project is concerned with the relation between human induced changes to the chemical 

composition of the atmosphere and the radiative-dynamical response of the atmosphere, in 

particular concerning the intensity of the stratospheric polar vortex and its influence on the 

mid-latitude winter circulation near the Earth’s surface. The relation between radiative heat 

sources in the stratosphere and the intensity of the polar vortex can best be understood 

in terms of potential vorticity. From ERA-40 reanalysis data we find a clear correlation be-

tween stratospheric potential vorticity over the winter pole and the westerly component of 

the wind. 

We are investigating the following specific question. Is the observed temperature-increase at 

the Earth’s surface in winter in Western Europe related to changes occurring in the potential 

vorticity distribution in the stratosphere over the North pole due to more greenhouse gases in 

the stratosphere and reduced absorption of solar radiation due to reduced ozone concentra-

tions? 

3.5 	 Physical Geography and Oceanography of the Coastal Zone

Research in this theme focuses on the dynamics of sedimentary coastal systems, which in-

clude shallow shelf seas, the nearshore zone and estuaries (the transition areas between seas 

and rivers). These systems are characterized by strong feedbacks between the water motion 

(driven by wind, tides and density gradients), the transport and distribution of sediment and 

morphological pattern formation (sand bars, deltas, mudbanks). Field data show that the 

behaviour of coastal systems is highly sensitive to changes in exogenous conditions (sea level, 

storm statistics) and anthropogenic activities.

The overall objective of the IMAU coastal research group is to gain more fundamental knowl-

edge about the hydrodynamic and morphologic behaviour of sedimentary coastal systems. 

The methods employed comprise the collection and analysis of new field data, the develop-

ment and analysis of process-oriented idealised and complex numerical models, as well as 

the implementation and application of Data-Model Integration (DMI) techniques. During the 

period 2005-2006 research efforts were aiming at the understanding of the morphologic de-

velopment of beaches, surfzones and offshore located shoreface-connected sand ridges and 

of estuarine and deltaic systems.
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Nearshore zone
The research effort on the morphodynamic evolution of the beach and surfzone was based 

on the ARGUS video research programme and on process-based numerical simulations, the 

latter funded through the NWO-VIDI grant for Ruessink for a project on Data-Model Integra-

tion. The video work focused on the extraction and subsequent analysis of morphological 

patterns, predominantly sand bars in the intertidal and subtidal domain. We designed an 

object-oriented approach which separates the Red-Green-Blue content of a low-tide image 

to the classes ‘dry sand’, ‘wet sand’, and ‘water’ (Figure 1). Our approach is a major improve-

ment relative to previous studies, which classified images on a pixel level, disregarding the 

spatially coherent structure inherent to the images. Subsequent analysis of the ‘dry sand’ class 

at Noordwijk beach showed that the intertidal sandbars are generated close to the low-wa-

ter line, migrate slowly onshore, and are finally destroyed during prolonged periods of high 

waves and storm surges. A major benefit of the ARGUS programme is its long-term character 

relative to the time scale inherent to nearshore morphology. We used this aspect particularly 

for the Argus station at the Gold Coast (Australia), from which a 7-year long dataset of daily 

subtidal sand bar position and alongshore variability was quantified in collaboration with the 

Water Research Laboratory of the University of New South Wales. This data set is presently 

being analyzed with a number of data-driven auto-regressive models, including recurrent 

neural networks.

In collaboration with the Marine Research Institute (ICM-CMIMA-CSIC) and the Politechnical 

University of Catalunya (UPC), both located in Barcelona (Spain), we investigated the dynam-

ics of shore-attached oblique sand bars, which are frequently detected by the ARGUS video 

cameras in the Noordwijk subtidal area. An extensive data analysis was carried out, which re-

vealed important information of the characteristics and dynamics of these bars. It was found 

that the wave length of the bar patches ranged from 21 to 75 m and their mean celerity was 

4.9 m/day in the direction of the longshore current (they migrated at rates up to 26 m/day). 

Bars had an orientation either perpendicular or oblique with respect to the shoreline. In the 

latter case, they deviated against the longshore current (up-current orientation). Bars persisted 

during periods from 1 day to 2 months, coexisting with regular waves of intermediate heights 

and large angles of incidence with respect to the shore-normal. The underlying large-scale 

bathymetry also affected bar formation: certain inner surf zone slopes and inner bar troughs 

were more conductive to growth. Besides, it was investigated whether the initial formation of 

these bars could be simulated with a morphodynamic model. The results indicated that the 

predicted shape (including the wave length) and growth rate were in agreement with obser-

vations but the model overestimated the migration rate. The key aspect to obtain up-current 

oriented bars was the assumption that the suspended sediment concentration is relatively 

constant throughout the inner surf zone.
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Figure 1 
Top panel: plan view of the intertidal and subtidal zone at Noordwijk, Netherlands. The brown part at the 

bottom of this panel is the beach, characterised by an intertidal bar, separated from the supratidal dry 

beach by a trough and interseted by cross-shore oriented rip channels. Middle panel: detail of the top 

panel. Bottom panel: classified image (Quartel et al., 2006), where black is dry sand (supratidal beach and 

intertidal sand bars), grey is wet sand (troughs and waterline), and white is water (sea, troughs and rips).

In addition to these ARGUS data-based studies, we built a wave-averaged, cross-shore profile 

model that aims to predict the on/offshore migration of subtidal sand bars under time-vary-

ing wave forcing. In collaboration with WL|Delft Hydraulics, the Technical University of Delft, 

UNESCO-IHE and the Japanese Port and Airport Research Institute (PARI), this model was 

tested successfully against a number of data sets. The model is currently being used to exam-

ine the predictability of nearshore morphology (how far into the future can we make sensible 

predictions?) and to explore why subtidal sandbars often behave in a periodic offshore di-

rected manner without a periodic boundary forcing.

Shoreface-connected sand ridges
These bedforms are observed on sandy coastal shelves where storms frequently occur. They 

are 3-6 km spaced apart, have heights of several metres (in mean depths of 10-20 m), migrate 

about 10 m per year in the direction of storm-driven alongshore currents and they have an 

angle with the coastline of 20 -50º. The finest (coarsest) sediment is found on the seaward 

(landward) sides of the ridges. Previous models showed that these ridges can form due to in-

herent feedbacks between waves, the storm-driven currents and the sandy bottom. However, 

the effect of waves was included in a parametric manner and feedbacks between the ridges 

and the waves were not accounted for. A new wave module was developed (joint work with 
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UPC Barcelona) and its effect on the dynamics of bedforms was investigated. It was found 

that feedbacks between sand ridges and waves cause additional stirring of sediment at the 

upstream sides of the ridges. This mechanism significantly enhances the growth and migra-

tion of the ridges (see Figure 2). Model results are in fair agreement with field data. 

Figure 2. 
Left: bathymetry of Long Island inner shelf, contour lines each 1 m; red lines indicate shoreface-con-

nected sand ridges. 

Right: modelled sand ridges (brown/yellow represent crest/trough areas). Arrows indicate perturbations 

in the wave direction induced by the ridges. The thick arrow shows the direction of the storm-driven 

current. In areas where wave rays converge additional erosion of sand occurs (Vis-Star et al., 2007).

Deltaic and estuarine systems
The national programme ‘Dynamics of outer deltas’, funded by NWO-ALW and coordinated 

by the IMAU, ended in 2006. It allowed scientists from different Dutch institutions to work 

together with the aim to understand the presence and variability of these sandy morphologic 

structures. The efforts resulted in important breakthroughs, of which several are reported in 

the PhD thesis of M. van der Vegt (March 2006). His research demonstrates how the inte-

gration of process-based idealised and complex models can be employed to systematically 

unravel the complex dynamics of sandy barrier coasts and outer deltas.

Estuarine studies focused on four estuaries, viz. James River estuary, Upper Chesapeake Bay 

(both at east US coast), the Ems estuary (situated at the Dutch-German border) and the Berau 

estuary and adjacent delta (Kalimantan, Indonesia). A cross-sectional model was developed 

and analysed to explain the observed lateral distribution of tidal currents, residual currents 

and entrapment of fine sediment in the first two estuaries. In joint collaboration with A. Valle 

Levinson (Univ. of Florida) and C.T. Friedrichs (Virginia Institute of Marine Science) it was dem-

onstrated that model results compare well with field observations (see Figure 3). The trapping 

of sediment is largely controlled by density currents caused by lateral salinity gradients.
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Figure 3. 
Modelled and observed lateral distribution of tidal current amplitude (left) and tidally averaged sus-

pended sediment concentration in a cross-section of James River estuary (Huijts et al., 2006). 

In 2005-2006 IMAU researchers initiated and participated in ten cruises into the Ems estuary. 

This was done in the framework of a project ‘Dynamics of estuarine turbidity maxima, cou-

pling between physical and biological processes’, which involves close collaboration with RU 

Groningen, Rijkswaterstaat and two German agencies in Emden (Niedersachsen Ports and the 

Wasser und Schifffahrts Amt). These cruises, which involved measurements both along longi-

tudinal and lateral transects, provided important new field data of currents, density structure, 

suspended sediment concentrations (SSC) and biological parameters. The data showed that, 

during a period of 20 years of intense dredging activities, the SSC have increased by a factor 

of 5 and the location of the estuarine turbidity maximum (ETM) has shifted ±20 km upstream. 

Moreover, the SSC distribution is highly asymmetrical (steep on the upstream side of the ETM, 

mild on its downstream side), a maximum in fluorescence occurs downstream of the ETM and 

in the cross-sections the suspended sediment is trapped near the northern bank. To explain 

these phenomena several model studies were performed. A new along-estuary model, which 

computes currents and SSC distribution, shows the large effects of deepening the estuary on 

the ETM dynamics. The asymmetry in the distribution of SSC near its peak is due to turbidity 

currents. The location of the fluorescence maximum is the result of the fact that the growth 

of phytoplankton is limited by light (effective near and landward of the ETM) and by nutrients 

(effective near the seaward boundary). The observed lateral distribution of SSC turned out to 

be significantly influenced by flocculation of sediment during slack tide.

In 2005 NWO-WOTRO started funding a research cluster, including 7 different PhD and post-

doc projects with the name “From River Basin to Barrier Reef”. This research cluster will carry 

out physical, biological, marine-geological and socio-economic research in the coastal waters 

of North East Kalimantan, Indonesia (Figure 4). IMAU is leading partner in the cluster and is 

responsible for two PhD projects, which involve cooperation with the Royal NIOZ, ITC, ITB 
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Bandun, and LIPLI-LON Jakarta. The first PhD project deals with soil erosion and sediment 

supply and focuses on the effect of estuarine mixing processes – in relation to river discharges 

and tidal conditions – on the seaward transfer of water and sediment. The second project 

aims to establish and understand the mixing and dispersal processes determinative to corals 

in the Berau Barrier reef system.

Initial modelling and surveying in the coastal waters started in the autumn of 2006 and will 

continue in 2007. Preliminary results of the pilot campaign in 2003 clearly indicate the pres-

ence of a zonation in the coastal zone in terms of sediment load and sediment properties. 

Estuarine turbidity maxima were observed in two separate branches of the Berau system and 

are presently subject of ongoing studies.

 

Figure 4. 
The Berau river basin and delta with two northern estuarine branches (light color in river due to sus-

pended matter; coast both shallow and turbid water) and a tide-dominated southern branch.
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6.	 Dissertations
Donners, J., 12 January 2005 

The role of the South Atlantic in the upper branch of the global thermohaline circulation

Promotor	 	 prof.dr. W.P.M. de Ruijter 

Co-promotor	 dr. S.S. Drijfhout (KNMI) 

Van Aalst, M.K., 20 January 2005 

Dynamics and transport in the stratosphere: simulations with a general circulation model

Promotores	  prof.dr. J. Lelieveld and prof.dr. P. Crutzen (MPI Mainz)

De Steur, L., 10 February 2005 

Stirred, not mixed: a study on the decay of Agulhas rings 

Promotor		 prof.dr. W.P.M. de Ruijter 

Co-promotor	 dr. P.J. van Leeuwen

Van den Brink, H.W., 14 March 2005 

Extreme winds and sea-surges in climate models

Promotor		 prof.dr.ir. J.D. Opsteegh 

Co-promotor	 dr. G.P. Können (KNMI)

Zelle, H.D., 9 May 2005 

On the evolution of sea surface temperature in the tropical Pacific

Promotores	 prof.dr. G.J. Komen and prof.dr. B.A.C. Ambrosius (TU Delft) 

Co-promotor	 dr. G.J.H. Burgers 

Hosegood, P., 10 May 2005 

Observations of the impact of flow-topography interactions on mixing processes within 

a confined basin: the Faeroe Shetland Channel

Promotor		 prof.dr. J.T.F. Zimmerman 

Co-promotor	 dr. J.J.M. van Haren (NIOZ)
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Van Veldhoven, A.K., 3 October 2005 

Observations of the evolution of Agulhas Rings

Promotor		 prof.dr. W.P.M. de Ruijter 

Co-promotor	 dr. H.M. van Aken (NIOZ)
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The summertime atmospheric boundary layer over the Antarctic Plateau
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Jazzing up the climate debate : exploring non-linear behavior in the climate system to 

feed into policy discussions
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On the interpretation of stable isotopes in Antarctic precipitation
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Modeling the dynamics of barrier coasts and ebb-tidal deltas
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Dynamics of synoptic-scale cyclones: a conceptual view based on potential vorticity build-

ing blocks and the theory of optimal perturbations
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Nick, F.M., 8 September 2006

Modelling the behaviour of tidewater glaciers

Promotor		 prof.dr. J. Oerlemans
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7.	 Summer schools
Glaciers and ice sheets in the climate system

13 - 24 September 2005

organized and sponsored by IMAU; co-sponsored by the Autonomic Province of Alto Adige

convenor: 	 J. Oerlemans

venue: 	 	 Karthaus, Italy

37 Ph.D. students and junior scientists

teaching staff: D. Dahl-Jenssen, A. Fowler, J.W. Greuell, H. Gudmunddson, A. Jenkins, G. Kaser, K. 

Lambeck, R. Mulvaney, J. Oerlemans, T. Payne, C.H. Tijm-Reijmer, A. Stroeven

Dynamics and Evolution of Cenozoic Climate

organized and sponsored by IMAU, Università di Urbino, Darwin Center for Biogeology, USSP 

Consortium, NSG

convenors: 	 R. v.d. Wal, S. Galeotti, H. Brinkhuis

venue: 	 	 Urbino, Italy

45 PhD students and junior scientists

teaching staff: H. Brinkhuis, K. Caldeira, M. Collinson, G. Cortese, R. DeConto, G. Dickens, A. von 

der Heydt, S. Galeotti, M. Huber, P. Koch, L. Lanci, L. Lourens, M. Pagani, H. Pälike, P. Pearson, I. 

Premoli-Silva, I. Raffi, M. Rampino, G.-J. Reichart, S. Schellenberg, A. Sluijs, H. Spero, C. Stickley, 

E. Thomas, R. v.d. Wal, J. Zachos

Utrecht Summerschool Physics of the Climate System

organized and sponsored by IMAU, Department of Physics and Astronomy (Utrecht University)

convenors: 	 J. Oerlemans, G.M. Terra

venue: 	 	 Utrecht, The Netherlands

20 students

teaching staff: M.R. van den Broeke, A.J. van Delden, P.J. van Leeuwen, J. Oerlemans, J.D. Op-

steegh, T. Röckmann, G.J. Roelofs, W.P.M. de Ruijter, G. Terra.
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Measurement Techniques in Atmospheric Chemistry

7 – 13 October 2006

organized and sponsored by IMAU and MPI for Chemistry Mainz 

convenors: 	 T. Röckmann and J. Lelieveld

venue: 	 	 Oberwesel, Germany

44 Ph.D. students and junior scientists

teaching staff: A. Ansmann, T.v. Clarmann, J. Crowley, H. Dolman, F. Drewnick, H. Fischer, T. Hoff-

mann, R. Holzinger, P. Hoppe, R. Koppmann, T. Kuhlbusch, H. Meijer, O. Moehler, J. Notholt, U. 

Platt, U. Pöschl, T. Röckmann, T. Wagner
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8.	 Projects 2005/2006

Project title Funding Project leader 

Propagation of equatorial climate variability of the 

Southwest Indian Ocean

NWO/ALW De Ruijter

Retroflection and ring formation of ocean cur-

rents

NWO/ALW De Ruijter

Outer delta dynamics: process analysis of water 

motion, sediment transport and morphological 

variability

NWO/ALW De Swart, Kroon

Effect of climate change and human interventions 

on the dynamics of turbidity maxima in estuaries: 

coupling of morphology and biology

NWO/ALW De Swart

Transport and circulation around Madagascar NWO/ALW Van Leeuwen

Mass Balance observations on the Greenland ice 

sheet

NWO 

(NAP)

Van de Wal

Interpretation and measurements of isotopes and 

gas in Antarctica (part A)

NWO/ALW

(NAAP)

Van de Wal

Long-term monitoring of Antarctic climate using 

Automatic Weather Stations (2005-2012)

NWO/ALW

(NAAP)

Van den Broeke

Mass balance and fresh water contribution of the 

Greenland ice sheet: a combined modelling and 

observational approach

NWO/ALW

RAPID

Van den Broeke

European Project on Ice coring in Antarctica (EP-

ICA-NL-2)

NWO/ALW Van den Broeke

Long-term high resolution of the climate and 

mass balance of the Antarctic ice sheet

NWO/ALW Van den Broeke

Netherlands Participation in the Greenland Cli-

mate Network (GC-NET)

NWO/ALW

(NAP)

Van den Broeke

Climate of the west Greenland ablation zone: to-

wards an IPY activity in 2008

NWO/ALW

(NAP)

Van den Broeke

Ice and Climate-programme (SPINOZA) NWO Oerlemans

The dynamic response of Arctic glaciers to global 

warming (GLACIODYN)

NWO/ALW

(IPY-NL)

Oerlemans
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NWO IPY coordination NWO/ALW

(IPY-NL)

Oerlemans

Atmospheric variability and the Atlantic Multidec-

adal Oscillation. Part A: Dynamical analysis of a 

coupled ocean-atmosphere model

NWO/ALW Dijkstra

A new approach to the spin-up problem in ocean-

climate models. Part B – Towards iCCSM 3.0

NWO/ALW Dijkstra

Experimental and model analysis of aerosol activa-

tion in the Netherlands

NWO/ALW Roelofs

H2 budget NWO/ALW Röckmann

Meltwater input, flow and calving of Arctic gla-

ciers

NWO/ALW

(IPY-NL)

Tijm-Reijmer

Reconstruction of the time-mean absolute veloc-

ity field of the ocean circulation

NWO/STW Dijkstra

Airborne measurements of radiances in cloudy 

conditions

NWO/STW Van Dop

Delta morphodynamics – Red River Delta Viet-

nam

NWO/WOTRO Hoekstra

East Kalimantan Coastal Zone Research Pro-

gramme 

NWO/ALW/WOTRO-

KNAW

Hoekstra/Hoitink

Machine-independent version of CCSM3 NWO/NCF Dijkstra

Parallelisation of Antarctic Ice Sheet model NWO/NCF Van den Wal

Data-model integration: a new approach to un-

derstanding and forecasting temporal sandbar 

behaviour

NWO-VIDI Ruessink

River Bifurcations in meandering rivers on lowland 

deltaic planes

NWO-VENI Kleinhans/Hoekstra

Ocean circulation and continental drift: A new 

systematic approach

NWO-VENI v.d. Heydt/Dijkstra

Framework programme Space Research System 

Earth: Absolute ocean velocity using the GOCE 

satellite and inverse modelling

SRON Van Leeuwen/De Ruijter

Framework programme Space Research System 

Earth: Global modelling of greenhouse gases us-

ing the TM5 model

SRON Röckmann

Dynamics and sensitivities of the Indian-Atlantic 

Ocean exchange using altimetry and GOCE grav-

ity observations

SRON Van Leeuwen
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Monte Carlo radiative transfer in spherical geom-

etry applied to the satellite measurements from 

SCIAMACHY

SRON Van Dop/Krol

Improving Methane Emission estimates Aided by 

Satellite data (IMEAS)

SRON Röckmann

North-Atlantic Ocean Monitoring and Modelling BSIK Van Leeuwen

Impact of upstream anomalies in the Agulhas 

Current system on the inter-ocean exchange and 

primary production around Southern Africa.

EU/Marie Curie De Ruijter

Sandpit EU Hoekstra

SANDS EU Ruessink/Kleinhans

Human interaction with large scale morphological 

evolution (HUMOR)

EU Kroon/De Swart

CoastView EU Kroon

Space born measurements of Arctic glaciers and 

implications for sea-level (SPICE)

EU Oerlemans

Enhanced Paleoreconstruction and Integrated Cli-

mate Analysis through Marine and Ice core Stud-

ies (EPICA-MIS)

EU Van den Broeke

A European Network for Atmospheric Hydrogen 

observation and studies (EUROHYDROS)

EU Röckmann

Stratospheric-Climate Links with Emphasis on 

the upper troposphere and lower stratosphere 

(SCOUT-03)

EU Röckmann

Marine Environment and Security for the Euro-

pean Area (MERSEA)

EU Van Leeuwen

Shell source rock Shell/SenterNovem Van de Wal/Dijkstra

Investigation of formation and processing of aer-

osol using isotope measurements on aerosols (in 

particular the oxygen isotope anomaly)

Japan Society for the 

promotion of Science

Röckmann

Intercomparison of wave data based on ADCP’s 

and conventional Wave buoys

RWS-RIKZ Hoitink/Ruessink/Hoekstra

Morphology and Ecology of the Wadden islands 

in the framework of nature restoration

RWS/RIKZ Hoekstra

Dynamics of nearshore oblique sand bars: data 

analysis and modelling

UU/EU/IMAU De Swart/Kroon

Beach- and surfzone processes: the intertidal 

beach (ARGUS project)

UU/ARGUS Ruessink

Tidal inlets and ebb tidal deltas UU Hoekstra
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Modelling the surface albedo of snow and ice 

surfaces

UU Tijm-Reijmer

Cyclogenesis and non-model wave growth UU Opsteegh/Van Delden

Modelling of estuarine turbidity maxima UU De Swart

Large eddy simulation of katabatic flows UU Van Dop

A model study of warm cloud dynamics-micro-

physics and precipitation formation

UU Roelofs

Antarctic climate studies IMAU/UU Van den Broeke

Changes in the global ocean circulation over the 

last 65 Ma

IMAU/UU Dijkstra/Van de Wal

Investigation of organic trace gas budgets in the 

atmosphere with isotope techniques

IMAU/UU Röckmann

Investigation of organic trace gas budgets, at-

mosphere transport and oxidation capacity with 

isotope techniques.

IMAU/UU Röckmann/Holzinger

The Agulhas current system: a key control of At-

lantic climate

IMAU/UU Dijkstra

Cyclogenesis and wave breaking at the tropo-

pause and associated stratosphere-troposphere 

exchange

IMAU/UU Opsteegh/Van Delden

Synoptic setting and forecasting of thunder-

storms

IMAU/UU Van Delden

The effect of surfacing dust layers on the evolu-

tion of the Greenland ice sheet.

IMAU/UU Oerlemans

On the Indian Ocean’s role in the global thermo-

haline circulation (THC)

IMAU/UU De Ruijter/Dijkstra

Inception of the Antarctic ice sheet UCG/UU Van de Wal

Mechanisms underlying the Greenhouse-Ice-

house transition; modelling the Eocene-Oligocene 

boundary

UCG/UU Van de Wal

The temporal and spatial dynamics of shoreline 

sandwaves

UCG/UU Ruessink

Coastal systems and lowland river systems UCG/UU Hoekstra/ Ruessink
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Ph.D. students:	 status on January 1, 2003:	 24

	 	 status on January 1, 2004:	 21

	 	 status on January 1, 2005: 	 20

	 	 status on January 1, 2006:	 29

	 	 status on January 1, 2007	 32

Postdocs:	 status on January 1, 2003:	 18

	 	 status on January 1, 2004:	 18

	 	 status on January 1, 2005: 	 13

	 	 status on January 1, 2006:	 15

	 	 status on January 1, 2007	 15
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9. 	 Management team
Director

	 Prof.dr. W.P.M. de Ruijter (from 1-11-2006)

	 Prof.dr. J. Oerlemans (until 1-11-2006)

Members of the Governing Board

	 Prof.dr. J. Oerlemans

	 Prof.dr. W.P.M. de Ruijter (from 1-2-06) 

	 Dr. H.E. de Swart (until 1-9-05)

	 Prof.dr. P. Hoekstra

	 Prof.dr.ir. J.D. Opsteegh 

	 Dr. G.J. Roelofs (until 1-5-05)

	 Dr. P.J. van Leeuwen (until 1-2-06)

	 Prof.dr. T. Röckmann (from 1-5-05)

	 Prof.dr.ir. H.A. Dijkstra (from 1-2-06)

	 Drs. E.I. de Koning
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