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1. Introduction

Over the reporting period the people of IMAU have been active as ever in their research and
related efforts. This has resulted in a series of basic scientific contributions to our understand-
ing of the varying and changing climate system and the coastal zone. In this biennial report
we summarize the scientific outcome and present several highlights.

Far-reaching decisions by policy makers on climate change adaptation and mitigation need to
be based on a solid scientific foundation. IMAU is an active and sometimes leading player in
the large international research effort into Climate Change and Variability. These international
programs aim to reduce the uncertainties and form the basis for, e.g., the reports of the Inter-
governmental Panel on Climate Change (IPCC) and the national advisory ‘Delta’committee
on sea level rise. We contribute to these national and international activities at several levels.

Our research emphasis is on the fundamental processes in the atmosphere, the oceans and
the ice and the coupling between these components of the climate system. However, the
basis is still lacking of sustained observations of in particular the ice and the oceans. Basic
understanding of, e.g., mixing processes, stability and predictability is still being developed.

Directly connected to our research is the Master Program ‘Meteorology, Physical Oceanogra-
phy and Climate’, based in the Natural Science Graduate School of Utrecht University. Here
also the PhD program has its formal place. At the national level we coordinate the graduate
program in the Buys Ballot graduate school, together with the dept of Meteorology and Air
Quality of Wageningen University and associated members Royal Netherlands Meteorological
Institute, Royal Netherlands Institute for Sea Research and the Space Research Organization
Netherlands.

In 2007 the International Polar Year (IPY) was launched. An international effort on an unprec-
edented scale was initiated to study the polar regions, where large changes in climate and
ecosystems are currently being observed. In the Ice and Climate theme of IMAU a leading
contribution to IPY is made by the study of ice sheets and glaciers. Simulations of the climate
over Greenland and Antarctica with a high-resolution climate model have given us insight into
the processes that regulate the exchange of mass between the atmosphere and ice sheets.
Automatic weather stations and GPS units have been deployed to learn more about the con-
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nection between meltwater production and glacier dynamics. The analysis of collected data is
in full swing, including projections of future sea level rise.

International recognition for this work is reflected in the IMAU group being one of the part-
ners in EPICA (European Program for Ice Coring on Antarctica) that was honored with the
prestigious European Descartes Prize for transnational collaborative research.

A strong research focus in the Atmospheric Physics and Chemistry theme has been the inves-
tigation of the global methane budget and the possible role of emissions from vegetation.
Methane is one of the major green house gases. The group has addressed these issues with
both modeling and experimental work. A surprising key finding from laboratory experiments
is that ultraviolet irradiation and heat promote methane formation from organic matter under
aerobic conditions.

Another key component of the climate system is studied in the Ocean Circulation and Climate
theme. Large-scale numerical modeling and dynamical systems theory are applied to study
the stability and associated rapid transitions in the ocean circulation and heat transports.
Sustained observations of ocean currents are being maintained in the western Indian Ocean
in collaboration with physical oceanographers from the Royal NIOZ and KNMI. To our surprise
we even discovered a new current in this ocean region (the South Indian Ocean Countercur-
rent) that forms a connection in the global ocean circulation. These activities earned us a seat
in the Indian Ocean Panel which advises the World Climate Research Program on observing
systems for the oceans.

Closer to shore the coastal researchers have been active in fieldwork carried out in different
estuarine and coastal systems around the world: the Ems estuary, at Truc Vert Beach (France)
and in the coastal waters of northeast Kalimantan, Indonesia. Coastal systems respond to
global change but also have their own natural variability that is in many cases far from under-
stood. Basic studies are carried out combining theory, field and lab observations and numeri-
cal modeling.

Clearly, all of the above research is carried out with a multitude of national and international
partners and most of our scientific publications are co-authored by these partners (section 5).
Nevertheless, individual IMAU researchers have received many honors and awards (section 4)
of which we are all very proud. I'd like to stress that these are all the result of a joint effort, and
in particular also due to the excellent and dedicated support by technicians and support staff.

Funding for our research and education program comes from Utrecht University while a sub-
stantial part of our budget is externally funded via the competitive funding systems (section
8). We have been quite successful on this ‘market’ both via prestigious personal grants and
as consortium member in national and international competitions, noteworthy from NWO
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(Netherlands Organization for Scientific Research), KNAW (Royal Netherlands Academy of
Sciences), the Ministry of Transport and Public Works and the EU. We gratefully acknowledge
all this support and recognition.

An important outcome of our research is formed by the PhD dissertations of which 10 were
completed over the past period (section 6). All PhD students have been active participants in

one or more of the Summer Schools (co-)organized by IMAU scientists (section 7).

All'in all the past period has been an active and successful one and we hope this report gives
you a flavor of the enthusiasm with which we carry out our research and education program.

Will M. de Ruijter
Director
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2. Faculty

Professors
W.P.M. de Ruijter
H.E. de Swart
H.A. Dijkstra
P. Hoekstra
J. Oerlemans
T. Réckmann
M.R. van den Broeke

Professors (part-time)
J.D. Opsteegh (0.4 fte, from 1-7-2008: 0.2 fte)
J.T.E Zimmerman (0.4 fte)
L.C. van Rijn (0.2 fte, financed by Utrecht University and Netherlands Centre for
Coastal Research)

External Professors (part-time)/ financed by
B. v.d. Hurk (0.2 fte) Buys Ballot Leerstoel / Royal KNMI
L.R.M. Maas (0.2 fte, from 1-1-2007) / Royal NIOZ
H. Ridderinkhof (0.2 fte, from 1-7-2008) / Royal NIOZ

Associate Professors
H. van Dop
B.G. Ruessink
A.J. van Delden
PJ. van Leeuwen
R.S.W. van de Wal

Assistant Professors
B.T. Grasmeijer (until March 2007)
A.J.F Hoitink (0.2 fte)
R. Holzinger
M.C. Krol (0.2 fte, from 1-3-2008)
G.J. Roelofs
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L.A. te Raa (until 1-1-2008)

C.H. Tijm-Reijmer

M.G. Kleinhans (from 1-4-2008)
W.J. van de Berg (from 1-12-2008)
J.H. van den Berg (until 1-1-2008)
M. van der Vegt (from 1-10-2007)

Supporting Staff
M.J.A. Bolder
W. Boot
P.P. Borsboom
P. Jonker (until 1-2-2007)
M. Kliphuis
M. van Maarseveen
H. Markies
M. Portanger
C. Roosendaal
H. Snellen
G.M. Terra
D.B. van Dam
C. van der Veen

Secretaries
J. Beltman
Y. Wouda
S.H.M. Tap (until 1-7-2008)

Co-manager

E.l. de Koning (until 15-5-2008)
S.H.M. Tap (from 1-7-2008)
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3. Research themes

Ice and climate

faculty: J. Oerlemans
M.R. van den Broeke
R.S.W. van de Wal
C.H. Tijm-Reijmer
W.J. van de Berg

Ocean circulation and climate
faculty: W.PM. de Ruijter

H.A. Dijkstra

J.T.F. Zimmerman

PJ. van Leeuwen

L.R.M. Maas

L.A. te Raa

Atmospheric physics and chemistry
faculty: T. Réckmann

G.J. Roelofs

M.C. Krol

R. Holzinger

Atmospheric dynamics and boundary layer meteorology
faculty: J.D. Opsteegh

B.J.J.M. van den Hurk

A.J. van Delden

H. van Dop

Coastal and shelf sea dynamics
faculty: H.E. de Swart

P. Hoekstra

B.T. Grasmeijer

A.J.F. Hoitink

B.G. Ruessink
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J.H. van den Berg
L.C. van Rijn
M.G. Kleinhans
M. van der Vegt
H. Ridderinkhof
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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 satellite instruments.

During the past years a major contribution was made to the International Polar Year (IPY). The
IPY lead project GLACIODYN, dealing with the dynamic response of arctic glaciers to climate
change, was initiated and coordinated by IMAU. Two workshops have been organized, and
booklets with extended abstract have been edited and published.

The IMAU contribution to GLACIODYN, sponsored by NWO, is called Meltwater input, flow
and calving of Arctic glaciers. In this project we use single frequency GPS instruments devel-
oped by IMAU technicians to measure ice velocities in combination with the mass balance on
several GLACIODYN target glaciers on Svalbard (Figure 1). The GPS units do not have a very
high precision (~1 m for weekly-averaged positions), but can operate unattended for a year or
longer. This project is carried out in collaboration with researchers from the Uppsala University,
Sweden, the University of Oslo, Norway, and the Norwegian Polar Institute.

Great progress has been made in the modelling of the mass balance of the Greenland and
Antarctic ice sheets with high-resolution regional climate models. This work has been (and
is) carried out in collaboration with the KNMI. Collaborative projects have been set up with
american and british researchers, allowing a combined analysis of satellite observations and
hindcasts from regional climate models. This has led to a better diagnosis of the current state
of balance of the Antarctic ice sheet.

The long standing measurements of mass balane and ice velocities along the K-transect in
West Greenland have been continued. With 18 years of observations, these measurements
constitute the longest in situ mass balance and ice velocity data series on the Greenland ice
sheet. Some parts of the ablation zone of the Greenland ice sheet have a remarkably small
albedo. Melt water and dust accumulating at the surface lower the albedo and therefore af-
fect the melt rates. A project looking at the importance of such processes has been initiated.
The operation of automatic weather stations on the Morteratschglacier in Switzerland, on
Hardangerjgkulen, Storbreen, and Langfjordjgkulen in Norway, and in Greenland and Ant-
arctica has been continued successfully. In the framework of the IPY project TASTE-IDEA,
which has initiated the search for the oldest ice in Antarctica, two low-temperature Automatic
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Figure 1.

The Svalbard archipelago with the locations of the target glaciers studied with our GPS system
marked in red circles. 1 = Nordenskiéldbreen (10 GPS units), 2 = Kronebreen (5 GPS units), 3 =
Vestfonna (2 GPS units), 4 = Duvebreen (5 GPS units) and 5 = Basin no.3 (5 GPS units), both on
Austfonna. The GPS units store the data locally except for the units on Kronebreen, which are
equipped with an Argos transmitter (resulting in new data becoming available every six days).

Weather Stations (AWS) have been installed in the 2007/08 summer season along a traverse
line from the Norwegian Troll station to South Pole. The locations of these AWS are close to
the former Plateau Station (US) and the Pole of Relative Inaccessibility (former USSR). The data
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Figure 2.
The Kangerlussuaq transect (K-transect) in west Greenland. Along this transct IMAU has carried out

mass balance and ice velocity measurements since 1990.

of these AWS will help to model the climate of this area so as to find the right spot for a new

international deep ice drilling operation.

Velocity changes along the margin of the Greenland ice sheet

Current estimates based on satellite observations and climate modeling suggest that the
Greenland ice sheet will contribute to sea level rise by about 10 cm over this century. How-
ever, there are a few mechanisms which might considerably increase this number and those
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Figure 3.
Annual mean ice velocities (in blue) and annual melt ice melt (in red) as measured at station SHR

(Figure 1) along the K-transect.

IMAU Biennial Report 2007/2008 15



500 T T T T T

SHR 2005-2006 @
400 E
s
£ 300
2
‘C
K]
[
= 200
(0]
o
100 |
summer/winter ~1.5
0 I 1 I 1 I
1-Sep  1-Nov  1-dan 1-Mar 1-May  1-Jul 1-Sep
Date
500 r r T 0.05
(b)
-0 >
- <X
= ablation rate )
) 5]
E S
z 8
© ~-0.05 @
ke) n
[5} o
> —_
8 3
- [oN
£
--01  ~
velocity
0Lt I I I 015
2-Jul 17-dul 2-Aug 17-Aug
Date

Figure 4.

(a) Variability of the ice velocity during the period 1 September 2005 — 1 September 2006 at 15 km
from the ice margin along the K-transect. (b) Ice flow speeds up when the meltwater input increases
(larger ablation rate). From Van de Wal et al. (2008).

are subject of intense scientific debate. One of the mechanisms is related to the feedback be-
tween melt rate and ice velocity. The idea is that melt water percolates through the ice to the
base of the ice sheet, and, by means of lubrication, leads to higher sliding velocities. Because
more ice is transported away, this implies a surface lowering upstream, and a higher melt
rate because surface air temperatures will be higher. This idea is supported by observations of
seasonal velocity changes during two consecutive summer periods, at a considerable distance
from the ice margin where the ice thickness is more than 1000 meters.
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Recently, GPS instruments developed at IMAU improved our understanding of short-term
variability in ice velocity, because they could be interpreted in the framework of the long mass
balance series along the K-transect (Figure 2). Over this period the ice sheet did not speed
up, despite the fact that the ablation has increased gradually (Figure 3). Superimposed on
the gradually decreasing velocities we observe very strong variability of the velocities over
very short periods, which as we know now from satellite observation occur along the entire
western margin of the ice sheet. Figure 4 shows the observed ice velocity at 15 km from
the margin along the K-transect in west Greenland during a particular year. Velocities might
locally increase by a factor 4 within a week, which is much more than previously detected.
This acceleration of the flow is related to the amount of melt water produced during strong
ablation (Figure 4b). It is hypothesized that the glacier velocity increases because the internal
drainage system cannot adjust its capacity rapidly enough. The result is increasing water pres-
sure at the base of the ice sheet, which facilitates the sliding of ice over the bed. As noted
above, on a longer time scale the internal drainage system can adjust to the amount of water
at the surface, so that at a 10-yr time scales ice velocities are not increasing (Figure 5).

Figure 5.

Ice velocities (blue/purple colours) and mass losses (red dots) or gains (blue dots) for Antarctic
drainage basins (2006). East Antarctica is in approximate balance, while west Antarctic coastal
glaciers lose mass. Total mass loss ~ 200 Gt per year. Adapted from Rignot, E., J. L. Bamber, M. R.
van den Broeke, C. Davis, Y. Li, W. J. van de Berg, E. van Meijgaard, 2008: Recent Antarctic mass
loss from radar interferometry and regional climate modeling, Nature Geoscience 2, 106-110.
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Improved estimate of the mass balance of the Antarctic ice sheet

A 25 year run with a regional atmospheric climate model has led to a much improved map
of Antarctic surface mass balance. In 2008, these data were combined with the latest fields
of glacier velocity (University of Irvine, US) and ice thickness (Bristol Glaciology Center) to
calculate the mass balance of the Antarctic ice sheet on a basin-by-basin scale. To support
the conversion from ice elevation to mass flux, the output of the regional climate model was
moreover used to drive a firn density model, so that a spatially varying correction for the firn
density (which is required to convert height to ice thickness) could for the first time be made
along the entire grounding line, instead of simply assuming a constant value. Another unique
feature of the new surface mass balance contribution is that an uncertainty has been quanti-
fied based on the differences between in-situ observations and model results.

The resulting 2006 map of Antarctic mass balance shows a remarkable pattern of mass loss
along the Amundsen and Bellingshausen Sea coasts and in the Antarctic Peninsula. The total
mass loss is about 200 Gt yr-1, which is in good agreement with recent estimates based on
gravity anomaly measurements from the GRACE satellite mission. This means that Antarc-
tica is contributing significantly to ongoing sea level rise. This work will be continued in the
framework of the EU funded project Ice2Sea, to include scenario runs until 2200, to see how
melting and runoff will become significant components of Antarctic mass balance.

Firn thickness changes in Antarctica

The Antarctic ice sheet is constantly adjusting its mass in response to changes in the accu-
mulation of snow on its surface, which takes place at widely varying timescales, with a con-
comitant effect on global sea level. A method to assess the ice sheet mass budget is repeated
measurement of surface elevation, by satellite radar altimetry. This delivers changes in the
surface elevation with time (aH /al, where H is surface elevation and t is time). Such a pro-
cedure yields information on volume changes, which only need to be multiplied by the density
of ice to obtain a mass change. However, the density that should be used for the calculation
of mass change can vary with a factor of 3, depending on whether the cause of the volume
change is due to changes in the amount of fresh snow or to changes in ice velocity, so the
interpretation of 0H /9t 10 mass change is not straightforward.

In the upper layer snow is slowly compressed to solid ice. The process of compression (firn
densification) is influenced by the weight of the overlying firn, and the temperature. Hence,
the thickness of the firn layer is variable in time. Using a firn densification model we can as-
sess the influence of a varying accumulation rate and temperature on firn thickness. Figure
6 illustrates the effects of accumulation rate anomalies at different time scales on firn depth
variability. Clearly, firn depth changes are not determined by the actual sign of the accumu-
lation trend, but by the period and sign of the accumulation anomaly. Given the relatively
short period of available satellite altimetry observations (~15 years), and the variable nature
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Figure 6.

Simulation of firn depth (b) using annual accumulation rate (a) as input data. A synthetic time series
of accumulation rate containing sinusoidal fluctuations around 100 kg m™ year', with periodicities
of 25 and 100 year and each with amplitudes of 10 kg m™ year?, results in firn depth changes with
a dominant signal on the 100-year time scale. Different firn depth responses (in blue and green)
are found as a function of accumulation time series that are identical in shape, but not in their
absolute value. From: Helsen, M.M. et al., Elevation changes in Antarctica mainly determined by
accumulation variability, Science 320, 1626-1629 (2008).

of Antarctic accumulation rate, it is clear that this firn effect can dominate ice sheet elevation
changes.

To assess the influence of variability in accumulation rate and temperature on observed eleva-
tion changes, the firn densification model has been applied to the entire grounded Antarctic
ice sheet over the period 1980-2004, using accumulation rate and temperature from the
regional climate model RACMO2/ANT. It has been found that in Antarctica the effect of ac-
cumulation rate variability by far outweighs the temperature effect. Consequently, the pattern
in simulated firn depth trends over the observational period of the ERS-2 satellite (1995-2003,
Figure 7a) mainly reflects the 1995-2003 accumulation anomaly (relative to the period 1980-
2004). Above-average accumulation resulted in increased firn depths over large parts of West
Antarctica, whereas in Wilkes Land (WL) slightly reduced accumulation resulted in shallower
simulated firn depths. The magnitude of these firn depth changes is comparable to observed
ice sheet elevation changes.

Subtracting simulated firn depth changes from satellite-derived 0H /9t results in an eleva-
tion change pattern that is corrected for firn depth variability (Figure 7b). A nonzero value
of this corrected 0H /0t value indicates an imbalance between the 1980-2004 mean ac-
cumulation and the vertical ice velocity, but as indicated in Figure 6, this does not necessarily
mean that the ice sheet is out of balance on time scales > 25 years. In East Antarctica, the
differences between observed elevation changes and simulated firn depth trends are likely
due to accumulation rate changes on longer time scales. However, in the Amundsen Sea
Embayment (ASE) and the Antarctic Peninsula (AP), correcting for a positive firn depth trend
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Figure 7.

(a) Simulated firn depth trends over the period 1995-2003. (b) Observed elevation change corrected
for firn depth variability as derived from ERS-2 satellite altimetry data over the same period. Ffrom:
Helsen, M.M. et al., Elevation changes in Antarctica mainly determined by accumulation variability,
Science 320, 1626-1629 (2008).

reveals a strong underlying thinning of the ice sheet, likely due to the recent acceleration of
coastal glaciers in these regions.

The Mid Pleistocene Transition (MPT)

Between 1.5 Myr ago and 0.5 Myr ago the earth’s climate changed from a system dominated
by ice ages of 40 kyrs duration to ice ages with a periodicity of about 100 kyrs. This transition
is known as the Mid Pleistocene Transition (MPT) and only poorly understood. The information
about this period is largely based on d180 records from benthic forams. A complication in the
interpretation is the fact that these records are influenced by ice volume and deep-sea water
temperature. In order to distangle these two effets an inverse methodology has been devel-
oped which takes advantage of the mass conservation of stable isotopes. Results show that
the merging of the North American ice sheets play a key role in the transition phase with two
small ice sheets prior to the MPT and one large ice sheet after the MPT. During build up of this
large ice sheet the merging process leads to convergence of the flow, which is strengthened
by the mass balance feedback so that the deglaciation during the first insolation maximum
is suppressed. Figure 8 clearly shows that during the transition the spectral power at 100 kyr
increases gradually. The lag of global ice volume with respect to air temperature also disap-
pears implying that ice sheets affect the global climate and that deglaciation is at least partly
due to internal instability of the ice sheets itself.
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Figure 8.
Phase lag of global ice volume to NH air temperature (left axis). Lower two curves (right axis) show
the gradual increase in spectral power of 100-kyr NH air temperature and ice volume (Bintanja and
Van de Wal, 2008).

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) to determine the role of the ocean cir-
culation in the evolution of the climate system. The research effort in 2007-2008 was divided
over 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 2007-2008 observations from the ACSEX (Agulhas Cur-
rent 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 obser-
vations have been carried out in the Mozambique Channel to study the transport and vari-
ability of the upstream sources of the Agulhas.
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Figure 1.

Time series of the volume transport (in Sv) through the Mozambique Channel as measured in the
LOCO program. Negative values indicate a southward transport. The red curve is the low-passed
filtered volume transport (from H. Ridderinkhof, P M. Van der Wert, J. Ullgren, P J. Van Leeuwen,
H. M. Van Aken, and W. P M. De Ruijter. Seasonal and interannual variability in the Mozambique
Channel from moored current observations. J. Geophys. Res. submitted, 2009).

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 (past) climate changes. Focus in 2007-2008 has been on
the mechanisms of the Atlantic Multidecadal Variability and on the global thermohaline circu-
lation patterns in the Cenozoic. In cooperation with researchers from the KNMI the ESSENCE
project was carried out. In this project, climate change over the period 1950-2100 has been
studied using ensemble simulations with a coupled climate model. During 2007-2008 much
of the data analysis was done and articles were produced.
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The long-term variability in the Southwest Indian Ocean

The inter-ocean exchange in the Agulhas region is highly dependent on the western In-
dian Ocean, i.e., the region around the island Madagascar. Variability around the island is
transported southward by the Agulhas current, and is found to influence the inter-ocean
exchange. A better understanding of the circulation around Madagascar thus leads to a better
understanding of this part of the global ocean circulation.

The focus of our recent studies has been on the Mozambique Channel as this is one of
the main sources of the Agulhas current. Since November 2003, a mooring of current and
temperature-salinity-pressure meters has been deployed in the Mozambique Channel, in a
joined project with the Royal Netherlands Institute for Sea Research. This time series (Fig. 1)
now spans a period of 4.2 years, which is considered very long in observational oceanography.
It therefore gives us the opportunity to study long-term variability.

For example, a strong salinity anomaly of 0.2 PSU has been observed in the upper layers of
the Channel in 2000 and 2001 compared to the total time series of 2003 to 2008. A similar
anomaly was simulated in three numerical models. Analysis in the models showed that the
main cause for the anomaly was a weakened inflow of fresh, tropical waters by the south
equatorial current.

Long-term variability has also been observed in the transport time series (see figure). In May
2006, the transport almost doubled, which could be attributed to a superposition of yearly
forcing by the wind, and inter-annual forcing by the South Equatorial Current strength.
Moreover, we have found that the transport variability at higher frequencies, i.e., 5 times
per year and higher, is fluctuating over the 4.2 year long time series. In the total time series,
these frequencies are dominant and suppress the visibility of the seasonal signal. This is in
contrast to transport time series in state-of-the-art numerical models, where the seasonal
signal is dominant. Understanding the variability of the high frequency signals could improve
the numerical models.

Future weather extremes

In the ESSENCE project, a 17 member ensemble simulation of climate change was carried out
using the ECHAM5/MPI-OM climate model. One of the main aims of the ESSENCE project was
to provide estimates of the changes in the statistics of extreme events in a warming climate.
A relevant quantity is the annual maximum surface temperature which occurs once every 100
years (the so-called T100 value). The projected T100 values (Fig. 2) for the period 2090-2100
point to the importance of dangerously high future temperatures in densely populated areas.
For example, projected T100 values far exceed 40C in Southern Europe, the US Mid-West by
2090-2100 and even reach 50C in north-eastern India and most of Australia. Such levels do
not receive enough attention in the current climate change discussion, given the potentially
large implications.
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Figure 2.

Modelled temperature extremes (degree C) which occur once every 100 hundred years

(T100) for the period 2090-2100, corrected for the bias with respect to present-day (ERA-40)
observations. From: Sterl, A., Severijns, C.,, Dijkstra, H.A., Hazeleger, W., Van Oldenborgh, G. J.,
Van den Broeke, M., Burgers, G., Van den Hurk, B., Van Leeuwen, P J., Van Velthoven, P When
can we expect extremely high surface temperatures? Geophysical Research Letters, 35, L14703,
doi:10.1029/2008GL034071, (2008).

The warming trend of the last decades is now so strong that it is discernible in local tempera-
ture observations. The results from ESSENCE therefore opened the possibility to compare the
trend to the warming predicted by comprehensive climate models (GCMs), which up to now
could not be verified directly to observations on a local scale, because the signal-to-noise ratio
was too low. The observed temperature trend in Western Europe over the last decades ap-
pears much stronger than simulated by state-of-the-art GCMs. The difference is very unlikely
due to random fluctuations, either in fast weather processes or in decadal climate fluctua-
tions. In winter and spring, changes in atmospheric circulation are important; in spring and
summer changes in soil moisture and cloud cover. A misrepresentation of the North Atlantic
Current affects trends along the coast. Many of these processes continue to affect trends in
projections for the 21st century. Analysis of the ESSENCE results hence suggests that climate
predictions for Western Europe probably underestimate the effects of anthropogenic climate
change.

Estimating the flux of water from the Indian to the Atlantic Ocean

Agulhas leakage, the flux of water from the Indian Ocean to the Atlantic Ocean, may play an
important role in the Atlantic Ocean circulation. The magnitude of the flux of warm and saline
Indian Ocean water into the colder and fresher Atlantic Ocean is related to the strength of
the Atlantic meridional overturning circulation, both in numerical ocean models and in pale-
oceanographic records. This is one of the reasons why the Agulhas region has long been an
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Figure 3.

A snapshot of dynamic topography (in m) on 20 November 2002 from a high resolution model.
The thick black line is the Agulhas Current path and the dashed closed contour is a ring which has
just shed from the Agulhas Current retroflection. The westward extent of the current is indicated
(from E. Van Sebille, C. N. Barron, A. Biastoch, P J. Van Leeuwen, F. C. Vlossepoel, and W. P M.

De Ruijter. Relating Agulhas leakage to the Agulhas Current retroflection location. Ocean Science
Discussions, 6:1193-1221, 2009).

area of interest at IMAU. Agulhas leakage as a precursor for northern Atlantic Ocean climate
change may justify the need for a sustained monitoring program.

However, estimating Agulhas leakage is not easy. The Agulhas area is the locus of three cir-
culation systems: the southern subtropical gyres of the Indian and Atlantic Oceans, and the
subtropical front of the Southern Ocean. Agulhas leakage occurs predominantly in large-scale
anticyclones. These cyclones, however, decay within months. The water originally inside the
rings is mixed with water from the Southern and Atlantic Oceans and hard to distinguish in
observational programs.

The best way to assess Agulhas leakage is by using Lagrangian floating particles. The transport
by particles that start in the Indian Ocean and end in the Atlantic Ocean yields an accurate
estimate of Agulhas leakage. The amounts of floats required for this analysis is in the order of
millions, which is unfeasible in the real ocean. At IMAU, therefore, we use a high-resolution
ocean model to relate the float-determined flux to quantities that are easier to observe.
Three different methods for estimating Agulhas leakage in the real ocean have been de-
veloped. They are based on measuring directly in the Atlantic Ocean with a mooring array,
measuring in the Agulhas Current with a mooring array, and using satellite altimetry data. In
the last method, satellites can be used to track the Agulhas Current retroflection (see figure).
The westward extent (indicated in Fig. 3) of the retroflection appears to be linearly related to
the magnitude of Agulhas leakage. The methods were tested in a high-resolution numerical
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Figure 4.

AMO index (temperature anomalies averaged over the North Atlantic basin) at the sea surface

as well as at depths of 60, 120, 240 and 400m. The natural variability is superimposed on the
anthropogenic warming trend. from: L. M. Frankcombe, Dijkstra, H.A. and Von der Heydt, A. S.,
Sub-surface signatures of the Atlantic Multidecadal Oscillation, Geophysical Research Letters, 35,
L19602, doi:10.1029/2008GL0O34989, (2008).

ocean model in order to assess the skill of the methods before they may be implemented.
A combination of the methods developed at IMAU might be used in a future Agulhas Leak-
age Index. Such an index would facilitate monitoring of an ocean pathway very important in
global climate.

Sub-surface signatures of the Atlantic Multidecadal Oscillation

In order to make accurate predictions of future climate we require not only knowledge of the
impacts of anthropogenic effects on the climate system but also an understanding of natural
climate variability. One such mode of natural variability is the Atlantic Multi-decadal Oscilla-
tion (AMO), which takes the form of an oscillatory sea surface temperature (SST) anomaly
over the whole North Atlantic basin. The AMO has an effect on European temperatures as
well as on Atlantic hurricanes and rainfall in North America and the Sahel. Observations of
the AMO have so far been limited to the sea surface, and the period of the variability was
estimated to be 50-70 years from historical SST measurements. However, using a database
of measurements of ocean temperatures from 1955 to 2003 and from the surface down
to 400m depth we have found evidence (Fig. 4) for a shorter period of 20-30 years, which
agrees with the AMO as it is seen in many general climate models. We have also found that
there is a lag between temperatures at the surface and at depth (as in the figure), and that
temperature anomalies first appear in the eastern part of the basin and then intensify as they
propagate westwards. This agrees with a mechanism for the AMO first suggested using a
simple ocean model.
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Figure 5.

Meridional overturning stream functions (MOC) calculated within a fully coupled climate model for
the Oligocene and present-day continental geometries. Data are averages over the last 25 years of
simulation. (a) Oligocene Atlantic MOC; (b) Oligocene Pacific MOGC; (c) present-day Atlantic MOC;
(d) present-day Pacific MOC. From: A. von der Heydt and H.A. Dijkstra, The effect of gateways on
ocean circulation patterns in the Cenozoic, Global and Planetary Change 62, 132-146 (2008).

The global meridional overturning circulation in the late Oligocene

Both geological data and climate model studies indicate that substantially different patterns
of the global ocean circulation have existed throughout the Cenozoic. Our results with a fully
coupled climate model (CCSM1.4) have indicated a “northern sinking” type of circulation
for the late Oligocene climate, with (shallow) deep water formation in both the North Pacific
Ocean and the North Atlantic Ocean. This is in contrast to the present-day “conveyor” circu-
lation, where there is deepwater formation in the North Atlantic but not in the North Pacific
(Fig. 5). In order to explain these differences, we used an ocean general circulation model
(MOM) for idealized two-basin flows and studied the effect of asymmetries in the continental
geometry on the circulation patterns. Two types of asymmetry were considered: (i) the relative
northward extent of the Pacific and the Atlantic basin, and (ii) the existence of a circum-global
gateway at low latitudes. The more northward extent of the Pacific basin in the Oligocene
decreases the preferences for the “conveyor” solution and facilitates deepwater formation
in the North Pacific compared to the North Atlantic. The low-latitude gateway on the other
hand, allows salt and heat exchange between the two main ocean basins and therefore leads
to deepwater formation in both the North Atlantic and the North Pacific.
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3.3  Atmospheric physics and chemistry

The chemical composition of the atmosphere strongly affects the radiative balance of the
earth and air quality, and therefore research on global and regional trace gas cycles is of high
societal relevance. The Atmospheric Physics and Chemistry group at IMAU combines meas-
urements and modelling to study the sources, sinks and chemical conversion of atmospheric
species.

On the experimental side, the group has expanded activities towards the measurement of
short-lived organic compounds through the acquisition of a high mass resolution proton
transfer reaction mass spectrometer (PTR-MS). The novel instrument was modified to meas-
ure organic components in the gas phase as well as in the particle phase of organic aerosols,
so that organic aerosol formation processes, which represent a key uncertainty in climate
research, can be studied in unprecedented detail.

This new technique for short-lived compounds now complements research on the global
cycle of long-lived gases in our group. For species like CHy4, N5O, H50, Hy and CO», the key
expertise of the Atmospheric Physics and Chemistry Group is to perform high quality meas-
urements of the isotopic composition. Since gases emitted by different sources usually show
slight differences in the isotopic composition, this provides detailed insight into their sources,
sinks and chemical reaction pathways in the atmosphere. With our large and very versatile
isotope laboratory our group belongs to the driving forces internationally in the advancement
of isotope research in atmospheric sciences. 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-03, NEEM). A strong emphasis in the past two years has been the investigation of
emissions of methane (CH,4) from biomass under aerobic conditions and a key finding is that
UV light and high temperatures can indeed induce CH, emissions from dry plant matter,
whereas little CHy is emitted form living plants.

The modelling activities can also be subdivided into two parts, modelling of long-lived trace
gases and modelling of aerosol-cloud interaction. For the long-lived trace gases, in first in-
stance CH,4, we have developed innovative inverse modelling tools that allow inferring global
distributions of trace gases from atmospheric measurements using the TM5 model. In this
respect, the close collaboration between IMAU and SRON has been particularly fruitful, since
we could combine ground based measurements with the first available global CH, satellite
dataset from the SCIAMACHY instrument for inverse modelling. These new techniques are
presently being exploited for other trace species.

Aerosol-cloud interactions are studied with both a detailed microphysical cloud parcel mod-
el and a global coupled chemistry-climate model. The model performance is evaluated by
comparing simulation results with measurements made at the surface, from aircraft, or from
satellite platforms. A detailed recent study with the cloud parcel model shows that aerosol-
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humidity interactions and cloud processing can strongly affect aerosol optical properties,
which severely complicates the retrieval of aerosol optical thickness and aerosol size distribu-
tion from satellite instruments. 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 University of Crete in Greece).

Investigation on fine organic aerosol

Direct and indirect effects of aerosols are among the largest uncertainties in assessing the
effects of anthropogenic climate change. Especially the indirect effects (cloud albedo, cloud
lifetime) are associated with particles below one micrometer diameter (i.e. fine aerosol) and
its hygroscopicity. Until a few years ago the organic fraction of fine aerosol was dramatically
underestimated. Meanwhile we know that organic compounds contribute at least as much
as sulfate but their contribution is probably even larger than 50% of the total mass of this
size fraction.

The new high mass resolution proton-transfer-reaction mass-spectrometry (PTR-MS) instru-
ment, which is equipped with complementing gasphase and aerosol inlets, allows us to moni-
tor individual compounds in particles at concentrations below 1 ng/m3. The instrument was
for the first time deployed in the field during the EUCAARI_IOP campaign at the CESAR site
(Cabauw, Netherlands) in May 2008. Figure 1 gives some examples of detected organic com-
pounds and shows that the chemical composition of organic aerosol significantly varies under
different meteorological conditions. The high-mass resolution capabilities of the PTR-MS are a
valuable tool because different ions with the same nominal mass can be resolved. An example
for CgH70,%, C;H,10%, and CgH15™ (all nominal mass 111 Da) is given in Figure 2. The Figure
also shows the general behavior that more oxygenated compounds are volatilized at higher
temperatures.

Aerobic emission of methane from plant biomass (UV and temperature
effect)

It had become textbook knowledge that in natural systems and at normal atmospheric tem-
peratures, the greenhouse gas methane can only be produced in the absence of oxygen.
In 2006, a study from our group had indicated that CH4 can also be formed under aerobic
conditions, and that aerobic formation of CH, may be an important contributor to its global
budget. Whereas it appears that the contribution from living plants was likely overestimated,
new experiments have shown that dry and detached fresh plant matter, as well as several
structural plant components, emit significant amounts of methane upon irradiation with UV
light and/or heating. UV irradiation strongly increases emissions, which are very small when
only visible light is used. Emissions from UV irradiation are almost instantaneous, indicating
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Figure 1.

Variation of aerosol organics during the EUCAARI-IOP campaign in Cabauw, Netherlands, in May
2008. Panel A-C show variations of different aerosol compounds, panel D shows solar radiation and
rainfall. Easterly flow and sunshine prevailed May 9-13,; May 14-16 cloudy conditions with rainfall,
airflow from westerly directions; May 17-20 was dominated by remote and clean air from the North
Sea.

a direct photochemical process (Figure 3). Long-time irradiation experiments demonstrate
that the size of the CH,4 producing reservoir is large, exceeding potential interferences from
degassing or desorption processes by several orders of magnitude. We also carried out an
isotope labeling experiment, where we irradiated a leaf from a pure '3C plant produces with
UV light. This '3C labeled material produces CH, at a similar rate as dry leaves of non-labeled
plants produce non-labeled methane (Figure 4a). Furthermore, the isotope labeling method
is extremely sensitive, so that even very small emissions at room temperature and without UV
light could be clearly quantified (Figure 4b).
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Figure 2.

Compounds appearing at nominal mass 111 Da during thermal desorption of ambient filter sam-
ples. High mass resolution clearly separates material with progressively more oxygen (O is 0.036 Da
lighter than CHy).
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Figure 3.
Response of a grass sample (Lolium Perenne) to UV irradiation (189 W/m? UVA and 27 Wim? UVB
irradiance). The shaded areas mark the times of illumination with the UV light source for 30, 60 and
120 s, corrected for the flushing time of the vial and connecting lines. Taking this delay into account
the response of the plant matter to light is almost instantaneous.
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Figure 4.
13CH,4 emission observed from a dry, senesced '3C labeled wheat leaf (Triticum aestivum, 98 atom
% 13C) under UV irradiation (a) and in the dark without UV (b). The increase in the 8'3C value
proves that CHy is formed from the isotopically labeled leaf itself. Interestingly, a very small emission
is even observed without UV light and at room temperature

Global inverse CHy modeling using satellite data

In a collaboration with SRON, we have used the first global satellite dataset of CH4 con-
centrations to infer information about CH,4 sources by inverse modeling. The SCIAMACHY
instrument onboard of the ENVISAT satellite measures reflected sunlight in the near infrared
spectral range, in which methane shows absorption features. In co-operation with SRON total
methane columns from SCIAMACHY have been retrieved and used to constrain the global
methane sources. The methane sources are further constrained by using in addition the highly
accurate surface measurements that are provided by the NOAA-ESRL network.

For this purpose, we have used the global TM5 model, which is a joint development of sev-
eral groups worldwide, with strong contribution from the APCG group. During the IMEAS
project much effort has been spent to develop the adjoint of the TM5 model and to build
a 4D-VAR system that is capable to perform the inverse calculations in order to determine
global distributions of CH4 sources from atmospheric measurements. Since TM5 has the abil-
ity to zoom in over a specific region, this system provides a unique tool to analyze regional
emissions. The system has been applied to the Amazon region, which is poorly constrained
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Figure 5.

Comparison between TM5 model results and aircraft measurements over Manaus, which is located
in the Amazonian rainforest. Black: observations, Blue: results with our prior knowledge about
methane emissions, Green: results obtained with emissions optimized with surface observations
only, Red: results with emissions optimized using surface and satellite measurements, Cyan: same as
red, but with prior vegetation emissions replacing part of the wetland emissions.

by surface measurements. For tropical South America, an inversion using only the satellite
data suggests more than a doubling of methane emissions compared to the a priori during
the 3 months considered (sept-nov 2003). Potential emissions from vegetation cannot be
distinguished from wetland emissions in this setup. Independent airborne observations in
the Amazon basin support the presence of considerable local methane sources (Figure 5).
However, these observations also indicate that emissions from eastern South America may be
smaller than estimated from SCIAMACHY observations. Thus our modeling system indicates
that the SCIAMACHY measurements have a positive bias. The cooperation with SRON proves
very valuable in solving this issue.

Cloud processing, cloud evaporation and Angstrém exponent

Current model estimates of the aerosol first indirect forcing from anthropogenic activities dis-
play a large range, between approximately -0.5 and -1.5 W m™2, due to the complexity of the
interactions between aerosol and clouds. Remarkably, the radiative forcing estimated from
satellite measurements is even lower than the model estimates, ~ 0.2 W m™2. A possible cause
for this is the difficulty to distinguish between cloudy and cloudless air. A so-called “albedo
continuum” or “twilight zone” exists in-between that is associated with hydrated aerosol
and wispy clouds, and extends many kilometers from the clouds into the cloud-free zone.
With the IMAU cloud parcel model we investigated the modification of aerosol due to cloud
processes, and the evolution of the aerosol optical thickness (OT) and Angstrém exponent (a).
during cloud evaporation. The Angstrém exponent reflects the aerosol fine fraction, which is
often associated with the anthropogenic contribution.
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Figure 6.

Results form the IMAU cloud parcel model: a) Simulated supersaturation, b) liquid water content,

¢) aerosol/cloud optical thickness (535 nm) and d) Angstrém exponent for the simulations without
cloud processing (black), with collision/coalescence (red), with aqueous phase chemistry (green),
and with both collision/coalescence and aqueous phase chemistry (blue). Note that in a) the black
and green lines as well as the red and blue lines overlap. I: cloudy phase; II: cloud evaporation LWC
> 0.05 g/m>; lll: cloud evaporation LWC < 0.05 g/m>. The aerosol distribution is representative for a
mildly polluted marine atmosphere.

Our simulations show that the effect of microphysical and chemical cloud processing is to
sharpen the decrease of particle concentrations with increasing particle size. Consequently,
the contribution of the fine modes to the aerosol OT increases. This is illustrated in Figure
6, which shows the simulated supersaturation, liquid water content (LWC), the OT of the
aerosol and cloud particles, and a for four simulations. The base case simulation only consid-
ers condensation and evaporation of the aerosol and cloud droplet water, while the others
account for collision/coalescence (microphysical processing of the aerosol), or aqueous sulfate
formation (chemical processing of the aerosol), or both. The results show that cloud process-
ing of the aerosol has a significant impact on OT and a. Cloud processing causes a decrease
of aerosol particle concentrations, relatively most efficiently in the coarse mode, and reduces
the relative dispersion of the aerosol distribution. As a result the Angstrém exponent of the
aerosol increases.

34 IMAU Biennial Report 2007/2008



These results are relevant for studies of aerosol retrieval from satellite observations and from
surface remote sensing. An accurate interpretation of the remotely measured optical thick-
ness and Angstrém exponent in terms of aerosol mass and fine/coarse mode fractions is direly
needed to constrain emission inventories and reduce uncertainties in estimates of the aerosol
direct and indirect effects. Our study demonstrates that aerosol-humidity and aerosol-cloud
interactions severely complicate this interpretation.

34 Atmospheric dynamics and boundary layer meteorology

The amazing variety of atmospheric circulation phenomena ranges from very small-scale tur-
bulent eddies with a spatial scale of a few millimeters and a life time of a few seconds to
gigantic synoptic- and planetary scale waves with a size of several thousand kilometers and
a life time of more than a week. Each of these phenomena plays a role in the global energy,
mass and momentum budgets of the climate system. In this research theme the dynamics of
the various circulation phenomena is studied both in isolation and in their interaction with
other phenomena.

The research at IMAU concentrates presently on the following topics:

e Atmospheric circulation and global change
e Soil moisture effects on European hydroclimate
e Large Eddy Simulation of Katabatic Flows

Atmospheric circulation and global change

Due to human activities, atmospheric concentrations of so-called “greenhouse gases”, such
as carbon dioxide and methane, have increased strongly in the past century. These gases
have a profound influence on the energy budget of the atmosphere, causing a global tem-
perature change. It appears that the lower layer of the atmosphere has warmed, while the
upper layer (the stratosphere) has cooled. The understanding of this pattern of temperature
change, whose amplitude and sign depends strongly on location and season, is still not well
developed. This is not surprising because the problem is in fact very complex. Temperature
changes in the atmosphere are not only governed by diabatic effects such as radiative fluxes
and latent heat release, but also by transport of entropy by the circulation, while the circula-
tion itself is driven by the diabatic heating. Some of the most conspicuous characteristics of
the atmospheric temperature distribution, such as the equatorial temperature minimum near
the tropopause (at a height of about 15 km above sea level), are explained by referring to
the circulation. Therefore, the subject of study in this project is the three-way interaction of
dynamics, radiation and the hydrological cycle.
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The focus is on potential vorticity, because this variable characterizes the large-scale circula-
tion of the atmosphere, while its distribution is determined principally by diabatic heating.
Therefore, potential vorticity represents the connection between dynamics and diabatic ef-
fects. Within the bounds of this theme the following questions are addressed.

1. To what degree and how has the changing energy budget of the stratosphere affected the
stratospheric potential vorticity distribution?

2. Can a change in the potential vorticity distribution of the stratosphere also affect the cir-
culation in the troposphere?

3. What is the role of the intensity of the hydrological cycle in the tropics in changing the
potential vorticity distribution in the upper troposphere/lower stratosphere (UTLS) in the
mid-latitudes, and how, in turn, does this affect the structure of the subtropical jet?

A sound answer to these questions requires an analysis of the actual distribution of potential
vorticity, its seasonal cycle and longer-term variability. For this analysis the European Centre
Reanalysis data (ERA40 and ERA-Interim) is used. We find interesting differences between the
southern hemisphere and the northern hemisphere, which are related to differences in wave
activity and the associated radiative response (figure 1).

In connection to the first question, we find that the seasonal average potential vorticity dis-
tribution in the winter is determined very strongly by the strength of the (stratospheric) wave
activity, in particular the number of so-called “sudden stratospheric warmings”. In the last
decade of the twentieth century this wave activity has been less intense than before. Many
researchers have proposed that this change in wave activity could be related to stratospher-
ic cooling induced by changes in carbon dioxide, ozone and water vapour concentrations.
Model calculations indeed indicate that the strength of the winter polar vortex increases with
increased greenhouse gas concentrations. However, in the first decade of this century the
intensity of the winter wave activity in the northern hemisphere has increased again.

For the second question, we find, using the method of “piecewise potential vorticity inver-
sion”, that the dynamical state of the stratosphere (measured by the amplitude of the poten-
tial vorticity anomaly over the pole) above a height of about 20 km has hardly any effect on
the wind in the troposphere. This is contrary to what has been suggested by other research-
ers. However, we identify a separate potential vorticity anomaly, which coincides with the
mid-latitude UTLS (figure 1). This potential vorticity anomaly in fact does have a significant
effect on the strength of tropospheric westerly wind in mid-latitudes and may thus determine
the intensity of mid-latitude cyclones.

The diabatic processes that govern the amplitude of this UTLS potential vorticity anomaly are

under study (the third question in the list above). Currently we are constructing a primitive
equation model including a simplified treatment of radiation, evaporation and precipitation.
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Figure 1.

Twenty-year (1989-2008) average (based on ERA-interim) seasonal cycle of the polar cap potential
vorticity anomaly (area weighted average poleward of a latitude of £70°) for, respectively, the
northern hemisphere (upper panel) in units of 1 PVU (1 PVU=10-6 K m-2kg-1s-1) and the southern
hemisphere (lower panel) in units of -1 PVU, as a function of time (days) and potential temperature
(K). Contours at + 1, 2, 5, 7, 10, 15, 20, 30, 50, 70, 100, 200, 300, 500, 700, 1000, 2000, 3000
PVU and negative values dashed. The tickmark accompanying the name of a month corresponds

to approximately the middle of the month. The high potential vorticity values that are observed
above about 450 K (about 20 km above sea level) during the winter, are caused by radiative cooling
due to emission to space of long-wave radiation by so-called greenhouse gases. The low (negative)
values in summer are caused by radiative heating due to absorption of Solar radiation by oxygen
and ozone. The band of relatively high positive values centred at about 330 K (about 12 km above
sea level) is referred to in the text as the UTLS-anomaly and is presumable regulated by the intensity
of the hydrological cycle in the tropics. In contrast to the stratospheric anomaly (above 450 K),

the UTLS-anomaly exhibits a relatively weak seasonal cycle. The winter stratospheric anomaly is
affected by breaking waves much more strongly in the northern hemisphere than in the southern
hemisphere. The breakdown of the positive winter anomaly in spring starts at upper levels in the
northern hemisphere, while it starts at lower levels in the southern hemisphere.
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Particular attention is paid to the interaction between clouds and radiation. With this model
we hope to understand the seasonal cycle of potential vorticity that is shown in figure 1.

Soil moisture effects on European hydroclimate

A few strong recent heat waves in Europe have raised the question as to whether this type
of events may be expected to occur more frequently in the future, when global warming will
continue to affect the global and regional hydroclimate. It is often assumed that the onset
of heat waves is forced by anomalies in the atmospheric circulation, but that the intensity
or duration may be affected by a systematic interaction with the underlying land surface, in
particular the role of soil moisture. Soil moisture is obviously affected by atmospheric proc-
esses as precipitation and evaporation, but the reverse is often also true: the status of the soil
moisture reservoir can under specific conditions have a strong and systematic effect on the
atmospheric ability to form rain.

To assess whether these conditions occur frequently within Europe a conceptual model was
designed and applied. In this model sources and sinks of the water balance of a region are
depicted. Sources of water are the net convergence of atmospheric moisture and evaporation
from the surface. Precipitation and runoff are the main sinks. Soil moisture and the atmos-
pheric water column within the region are the water reservoirs that vary as the sources or
sinks change. Evaporation is a parameterized function of soil moisture, and precipitation is
represented as a convection process, where exceedance of critical temperature and humidity
thresholds is needed to trigger the precipitation. A local energy budget involving net incom-
ing radiation and a surface heat flux determine the temperature variables in the system.
The conceptual model is forced by the atmospheric moisture convergence and net incoming
radiation, and it produces time series of precipitation, soil moisture, evaporation and runoff.
The conceptualization allows the analysis of the precipitation-soil moisture interaction: soil
moisture depends on precipitation, and vice versa.

Running the model with a constant forcing will eventually lead to a steady state solution,
where the hydrological budget terms show a constant value. However, in such a two-way
coupled system the same external forcing may lead to multiple steady states: depending on
the starting point one may end up in a very wet or a very dry climate. In the latter case, a lack
of soil moisture limits evaporation and consequently precipitation, which eventually leads to a
further drying of the soil. Such a feedback loop is considered partly responsible for intensify-
ing heatwaves.

In the real world no steady state solutions are observed: strong intrusions of moisture by
advection disrupts the feedback loop and breaks down the conditions leading to extreme dry-
ing. However, areas where a drying feedback is relatively more likely, the signatures of such
a positive feedback are hidden in the shape of the probability distribution function of the
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Figure 2.

Areas in Europe where the summertime soil moisture distribution is statistically determined to be
bimodal (marked in red). For two nearby regions in central Europe the actual distributions are shown
as well. It is clearly seen that the area marked red has a preference for lower soil moisture values
with a small number of occasions with higher values, while the light blue area does not show such a
bimodality.

hydrological budget terms. When both wet and dry conditions may occur, the soil moisture
distribution shows peaks at both dry and wetter values, indicated by a so called bimodal soil
moisture distribution.

With the conceptual model setup described above we have searched for areas and conditions
in Europe where and when bi-modal soil moisture distributions emerge. Europe was divided
in regions of 4.5 x 4.5 degrees, and observed values of large scale moisture convergence and
net incoming radiation covering the period 1980 to 2005 were used as forcing for each of
these areas. The resulting time series of daily soil moisture were separately collected for the
different seasons, and for each season all values were grouped and formulated as probability
distribution functions. A statistical test was designed to assess whether the resulting distribu-
tions were indeed bimodal, or whether they could equally well be considered to be unimodal,
i.e., having only a single peak with a spread. Figure 2 shows one of the results.

Further work is devoted to improving the statistical bimodality test and the confirmation that
the shape of the soil moisture distribution is indeed the result of the feedback with the pre-
Cipitation system. When completed, the map will show the areas and seasons where strong
land-atmosphere interaction plays a role in the local hydrological cycle.

Large Eddy Simulation (LES) of Katabatic Flows

Glaciers respond rapidly to climate change and their mass balances are important climate
indicators. The mass balance depends on the interaction between the atmospheric bound-
ary layer and the surface. In polar areas during the winter months there is no incoming short
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Figure 3.

Instantaneous along slope katabatic wind velocity field. The flow direction is towards the right. The
low level jet at a height of 4-5 m is clearly visible. The flow generates irreqular wavy patterns aloft.

wave radiation, which subsequently causes the surface to be cooled. Heat is transferred from
the atmosphere down to the surface, whereby a stable stratification of the boundary layer
is achieved, i.e. the potential temperature increases with height. Such a stratification is also
achieved above the ablation zone of a glacier when the surface reaches its maximum tem-
perature (i.e. the melting point) and the atmosphere above is heated due to solar energy.
Since heat is extracted from the air just adjacent to the surface, it will become heavier and if
situated above a slope, it will flow downhill. Such flow is called katabatic or gravitational flow.
In the simplest (equilibrium) models there is a balance between gravitational flow and friction,
and a balance between advection of heat and loss of heat due to the cold surface. Katabatic
flows are characterized by a low-level wind jet. Furthermore, the topography strongly deter-
mines the flow direction.

LES has proven to be a powerful 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. Since katabatic flows are
found in the stably stratified atmospheric boundary layer ABL, which suppresses large-scale
turbulence, a high numerical resolution is required. We simulated katabatic winds along an
‘infinitely’ long hill. Figure 3 shows an example of a model result of the actual down-slope
wind field over a slope of 6 degrees in a layer with a slightly stable background stratification
of -5 K/km.

We are now able to perform computations of fairly detailed structures of density driven flows
in a complex environment. Supported by recent field experiments in idealized topography,
these studies provide a better description and understanding of mesoscale weather phenom-
ena in complex terrain.
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3.5 Coastal and shelf sea dynamics

Sedimentary coastal systems are highly dynamic morphodynamic systems that show strong
interactions and mutual feedbacks between the water motion (driven by wind, waves and
tides as well as density gradients), the associated sediment transport and the resulting mor-
phological change. The main aim of the coastal research group at the IMAU is to increase the
fundamental understanding of the hydrodynamic and morphologic behaviour of sedimentary
coastal environments, including shallow shelf seas and shoreface. The integrated research ap-
proach is based on a combination of research methodologies that are highly complementary
and comprise the collection and analysis of new field data, the development and analysis of
both process-oriented numerical models as well as idealised mathematical models and the
implementation and application of Data-Model Integration (DMI) techniques. In this overview
we will present a selection of three projects; in two projects we will discuss the morphody-
namics of nearshore bars in the surfzone and of offshore-located shoreface-connected sand
ridges. The third project is a study on the dynamics of estuarine suspended matter.

Morphodynamic behaviour of nearshore breaker bars

Significant progress has been made in modeling cross-shore hydrodynamics and morphology.
In the framework of the NWO-VIDI grant of Ruessink a fully-coupled, wave-averaged cross-
shore process model has been developed. The model can accurately predict both offshore and
onshore migration of subtidal sandbars (Fig. 1) during periods of high waves and intermediate
lower waves. Consistent with field observations, the simulated offshore bar migration takes
place during storms when large waves break on the bar and is due to the feedback between
waves, undertow, suspended sediment transport, and the sandbar. Simulated onshore bar
migration is predicted for energetic, weakly to non-breaking wave conditions and is due to
the feedback between near bed wave skewness, bedload transport, and the sandbar. With
the model (Fig. 2) we have established that, in contrast to popular belief, cross-shore sandbar
migration on the time of months to years is deterministically forced rather than deterministi-
cally chaotic. This leads to the very positive conclusion that it potentially pays off to improve
model formulations to make predictions at time scales (seasons to years) that contain more
sandbar variability than the storm scale and that are of larger interest to coastal engineers and
managers. An important aspect to improve the models is by upgrading the existing knowl-
edge on sediment transport processes under breaking and non-breaking waves. This requires
dedicated field measurements (Fig. 3) as carried out by Truc Vert (French Atlantic Coast near
Bordeaux) in April 2008.

Patterns of nearshore, subtidal sandbars are also highly variable and observational work with
remotely sensed video images on crescentic bars (Fig. 1) has highlighted a number of develop-

IMAU Biennial Report 2007/2008 41



Figure 1.
Nearshore crescentic sandbars indirectly visible in ARGUS video images due to the presence of foam

lines associated with breaker patterns.
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Figure 2.
Interannual behaviour of nearshore sandbars: modeling and observations.

ments. First of all, crescentic subtidal sandbars continuously change their wavelength due to
splitting or merging of individual crescents in response to the inevitable time-varying offshore
wave-forcing. Secondly the coupling between alongshore non-uniform bed patterns in dou-
ble sandbar systems varies in time from initially uncoupled patterns to inner bar patterns that
become slaved to the increasingly non-uniform, onshore propagating outer sandbar. A third
and final conclusion is that time series of cross-shore sandbar position are essentially linear.
This does not imply that the underlying physical processes are linear; however small-scale
physical processes can together evolve towards a simple attractor state.
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Figure 3.
Detailed sediment transport measurements on the beach of Truc Vert, French Atlantic coast.
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Figure 4.

Bottom pattern (light: crests, dark: troughs) at different times. In each panel the coast is at the top.
The ridges migrate alongshore in the direction of the storm-driven flow (negative y direction). Patch
behaviour is observed up to 8000 years after initial formation.

Shoreface-connected sand ridges

Shoreface-connected sand ridges (hereafter sfcr) on the inner shelf are found in depths of
10-20 m and they occur in patches. Each patch consists of 5-10 ridges, which are about 5 km
spaced apart, several meters high and which migrate several meters per year along the coast.
These ridges form due to positive feedbacks between a storm-driven flow, waves and the
sandy bottom of the shelf. An important new result was that the patch behaviour of sfcr was
modelled and explained for the first time (see Fig. 4). This was done by extending a model,
which simulates the finite-amplitude evolution of sand ridges, such that it accounted for wave
shoaling and wave refraction processes. The model results suggest that patch behaviour is a
transient phenomenon, and thus observed sfcr are still in their developing stage.
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Figure 5.
Longitudinal distribution of sediment concentration along the Ems Estuary.

Another highlight of this project concerned the modelling and interpretation of the distribu-
tion of mean grain size and sorting over sfcr. It was found that, in the case of a sediment
mixture, the finest grains are found slightly upcurrent of the crests. The mechanims resposible
for this pattern are the positive feedbacks between the evolving ridges and the waves (which
stir sediment from the bottom), enhanced erosion of sediment if the bed surface gets rougher,
and hiding processes. The latter account for the fact that fine grains are less exposed to fluid
stress than coarse grains, which reduces their entrainment into the water.

Estuarine flow, turbidity and environmental dynamics

The aim of this research is to gain more fundamental knowledge about the distribution of
flow, turbidity, phytoplankton and oxygen in nontropical estuaries. To achieve this objective
new field data were collected, existing and new data were analysed and model studies were
conducted. In particular, IMAU organised in 2007 several field cruises in the Ems estuary,
located at the German-Dutch border. This estuary has a length of about 100 km, the tidal
range is approximately 3.5 m and it has a very high concentrations of suspended matter in
its upstream part. Data of currents, density, suspended sediment concentration (SSC), fluo-
rescense and oxygen were collected along longitudinal transects and at two cross-sections.
The data revealed that over the last decade SSC has increased by a factor of 5, the turbidity
maximum has shifted upstream and the SSC distribution around the maximum has become
highly asymmetrical (Fig. 5).

To explain these features a simple model was developed that simulates the gravitational cir-
culation, turbidity flow and distribution of SSC in a longitudional section of the estuary. The
model results indicate that the increase of SSC and the upstream shift of the turbidity peak
are a consequence of the deepening of the navigation channel from 5 m to 7 m. The turbidity
current generated by SSC gradients causes the SSC distribution to become asymmetrical, as
this current opposes salinity-driven flow on the downstream side of the peak, whilst it coin-
cides with the salinity-driven flow on the other side of the peak.
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4. Awards & Honours

2007

Doctor Honoris Causa, University of Stockholm — Prof.dr. J. Oerlemans

Academy Professorship, Royal Netherlands Academy of Arts and Sciences — Prof.dr. J.
Oerlemans

Coastal Sediments Award. American Society of Civil Engineers. Award for outstanding work
on sediment transport studies and publications — Prof.dr. L.C. van Rijn

Winner first prize NWO/Surfnet contest: Enlighten your Research — Prof.dr.ir. H.A. Dijkstra

Member of the CLIVAR Indian Ocean Panel — Prof.dr. W.P.M. de Ruijter

2008

Louis Agassiz Medal, European Geosciences Union — Prof.dr. J. Oerlemans

Dr. M.R. van den Broeke appointed by the University Board as profile professor of Polar
Meteorology at the Institute for Marine and Atmospheric Research. The appointment is
associated with the terms of the KNAW endowed chair occupied by Prof.dr. J. Oerlemans in

the Department of Physics and Astronomy.

ESF's European Project for Ice Coring in Antarctica (EPICA) wins Descartes Prize for
transnational collaborative research — Prof.dr. M.R. van den Broeke

VIDI grant NWO — Dr. M.G. Kleinhans

Continental Shelf Research Award for the most cited paper “2003-2007" (for 2 articles) -
Dr. B.G. Ruessink and dr. I. van Enckevort

Visiting professor at the Institute NonLinearire de Nice, Sophia Antipolis, France, 2008-2009
- Prof.dr.ir. H.A. Dijkstra
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5. Publications

Books and book-chapters
Dijkstra, H.A. — Dynamical Oceanography — Springer Verlag 2008

Haywood, A.M., A.C. Ashworth, D.J. Cantrill, F. Florindo, M.J. Hambrey, D. Hill, C.D. Hillen-
brand, S.J. Hunter, R.D. Larter, C.H. Lear, S. Passchier, J.L. Smellie, R.S.W. van de Wal - Middle
Miocene to Pliocene History of Antarctica and the Southern Ocean - in: Antarctic Climate
Evolution, eds. M.J. Siegert and F. Florindo, Elsevier 2008

Oerlemans, J. - Minimal Glacier Models - Igitur, Utrecht University 2008

Ribas, F, D. Calvete, A. Falqués, H.E. de Swart, A. Kroon - Comparing observed surfzone
transverse finger bars with model results - in: River, Coastal and Estuarine Morphodynamics,
eds. Dohmen-Janssen, M. and Hulscher, S.J.M.M., Routledge 2008

Schramkowski, G.P., K.M.H. Huijts, H.M. Schuttelaars, H.E. de Swart - A model comparison of
flow and lateral sediment trapping in estuaries - in: River, Coastal and Estuarine Morphody-
namics, eds. Dohmen-Janssen, M. and Hulscher, S.J.M.M., Routledge 2008

Talke, S.A., H.E. de Swart, H.M. Schuttelaars - An analytical model of the equilibrium distribu-
tion of suspended sediment in an estuary - in: River, Coastal and Estuarine Morphodynamics,
eds. Dohmen-Janssen, M. and Hulscher, S.J.M.M., Routledge 2008

Van den Broeke, M.R., J. Ettema, W.J. van de Berg, E. van Meijgaard - Towards a re-assess-
ment of the surface mass balance of the Greenland ice sheet - Journal de Physique 2008.

Van de Wal, R.S.W. - Dynamics of glaciers, ice sheets and sea level - in: Climate and the
hydrological cycle, eds. Bierkens, M., Dolman, H., Troch, P, IAHS Special Publication 8, 2008

Vis-Star, N.C., H.E. de Swart, D. Calvete - Finite amplitude dynamics of shoreface-connected

ridges: Role of waves - in: River, Coastal and Estuarine Morphodynamics, eds. Dohmen-Jans-
sen, M. and Hulscher, S.J.M.M., Routledge 2008
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Wang, P, W. H. Knap, P. Kuipers Munneke, P. Stammes - Clear-sky atmospheric radiative
transfer: a model intercomparison for shortwave irradiances - Proceedings of the International
Radiation Symposium (IRS-2008).

Reviewed scientific publications

2007 2008 Total
Only IMAU author(s) 25 20 45
First author IMAU + foreign author(s) 11 12 23
First author foreign + IMAU 25 14 39
First author IMAU + other Dutch 6 8 14
First author Dutch + IMAU 6 13 19
Total 73 67 140

2007

Bergamaschi, P, C. Frankenberg, J.-F. Meirink, M.C. Krol, F. Dentener, T. Wagner,

U.Platt, J.O. Kaplan, S. Korner, M. Heimann, E.J. Dlugokencky, A. Goede - Satellite
chartography of atmospheric methane from SCIAMACHY onboard ENVISAT: (Il) Evaluation
based on inverse model simulations - Journal of Geophysical Research 112, D02304,
doi:10.1029/2006JD007268, 2007

Bouvier-Brown, N.C., R. Holzinger, K. Palitzsch, A.H. Goldstein - Quantifying sesquiterpene
and oxygenated terpene emissions from live vegetation using solid-phase microextraction
fibers - Journal of Chromatography A, vol. 1161, iss 1-2, 113-120, doi: 10.1016/j.
chroma.2007.05.094, 2007

Castelle, B., I.L. Turner, B.G. Ruessink, R.B. Tomlinson - Impact of storms on beach erosion:
Broadbeach (Gold Coast, Australia) - Journal of Coastal Research SI 50, 534-539, 2007
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De Laat, A.T.J., AM.S. Gloudemans, I. Aben, M.C. Krol, J.-F. Meirink, G.R. van der
Werf, H. Schrijver - Scanning Imaging Absorption Spectrometer for Atmospheric
Chartography carbon monoxide total columns: Statistical evaluation and comparison
with chemistry transport model results - Journal of Geophysical Research 112, D12310,
doi:10.1029/2006JD008256, 2007

De Laat, A.TJ., AM.S. Gloudemans, I. Aben, M.C. Krol, J.-F. Meirink, G.R. van der Werf,

H. Schrijver - Correction to: Scanning Imaging Absorption Spectrometer for Atmospheric
Cartography carbon monoxide total columns: Statistical evaluation and comparison with
chemistry transport results (vol 112, art no D12310, 2007), Journal of Geophysical Research
112, D21306, doi:10.1029/2007JD009378, 2007

De Niet, A. C., FW. Wubs, A.D. Terwisscha van Scheltinga, H.A. Dijkstra - A tailored solver
for bifurcation studies of ocean-climate models - Journal of Computational Physics 277,
654-679, 2007

De Vries, H., J.D. Opsteegh - Resonance in Optimal Perturbation Evolution. Part I: Two-Layer
Eady Model - Journal of the Atmospheric Sciences 64(3), 673-694, 2007

De Vries, H., J.D. Opsteegh - Resonance in Optimal Perturbation Evolution. Part II: Effects of
a Non-Zero Mean PV-gradient - Journal of the Atmospheric Sciences 64, 695-710, 2007

De Vries, H., J.D. Opsteegh - Interpretation of discrete and continuum modes in a two-layer
eady model - Tellus A 59(2),182-197, 2007

Dijkstra, H.A. - Characterization of the multiple equilibria regime in a global ocean model -
Tellus A 59, 695-705, 2007

Dijkstra, H.A., A.S. von der Heydt - Localization of multidecadal variability: Il. Spectral origin
of multidecadal modes - Journal of Physical Oceanography 37, 2415-2428, 2007

Duck, TJ., B.J Firanski, D.B. Millet, A.H. Goldstein, J. Allan, R. Holzinger, D.R. Worsnop, A.B.
White, A. Stohl, C.S. Dickinson, A. van Donkelaar - Transport of forest fire emissions from
Alaska and the Yukon Territory to Nova Scotia during summer 2004 - Journal of Geophysical
Research-Atmospheres, doi: 10.1029/2006JD007716, 2007.

Feilberg, K.L., M.S. Johnson, A. Bacak, T. Réckmann, C.J. Nielsen - Relative tropospheric

photolysis rates of HCHO and HCDO measured at the European Photoreactor Facility -
Journal of Physical Chemistry (A) 111, 9034-9046, 2007
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Greuell, W., J. Kohler, F. Obleitner, P. Glowacki, K. Melvold, E. Bernsen, J. Oerlemans -
Assessment of interannual variations in the surface mass balance of 18 Svalbard glaciers
from the Moderate Resolution Imaging Spectroradiometer/Terra albedo product - Journal of
Geophysical Research 112, D07105, doi:10.1029/2006JD007245, 2007

Groenemeijer, PH., A.J. van Delden - Sounding-derived parameters associated with large hail
and tornadoes in The Netherlands - Atmospheric Research 83, 473-487, 2007

Helsen, M.M., R.S.W. van de Wal, M.R. van den Broeke - The isotopic composition of
present-day Antarctic snow in a Lagrangian atmospheric simulation - Journal of Climate
20(4), 739-756, 2007

Hoitink, A.J.F, H.C. Peters, M. Schroevers - Field verification of ADCP surface gravity
elevation spectra - Journal of Atmospheric and Oceanic Technology 24(5), 912-922, 2007

Holzinger, R., D.B. Millet, B. Williams, A. Lee, N.M. Kreisberg, S.V. Hering, J.L. Jimenez, J.
Allan, D.R. Worsnop, A.H. Goldstein - Emission, oxidation, and secondary organic aerosol
formation of volatile organic compounds as observed at Chebogue Pt, Nova Scotia - Journal
of Geophysical Research-Atmospheres, doi:10.1029/2006JD007599, 2007

Kaiser, J., M.G. Hastings, B.Z. Houlton, T. Réckmann, D.M. Sigman - Triple oxygen isotope
analysis of nitrate using the denitrifier method and thermal decomposition of N,O -
Analytical Chemistry 79 (2),599-607, 2007

Kleinhans, M.G., AW.E. Wilbers, W.B.M. ten Brinke - Opposite hysteresis of sand and gravel
transport upstream and downstream of a bifurcation during a flood in the River Rhine, the
Netherlands - Netherlands Journal of Geosciences 86(3), 273-285, 2007

Krankowsky, D., P. Ldmmerzahl, K. Mauersberger, C. Janssen, B. Tuzson, T. Rockmann -
Stratospheric ozone isotope fractionations derived from collected samples - Journal of
Geophysical Research 112, D08301, doi:10.1029/2006 JD007855, 2007

Krol, M.C., J.-F. Meirink, P. Bergamaschi, J.E. Mak, D. Lowe, P. J6ckel, S. Houweling, T.
Rockmann - What do 14CO measurements tell us about OH? - Atmospheric Chemistry and
Physics Discussions 7, 10405-10438, 2007

Miller, M.F,, T. R6ckmann, I. P. Wright - A general solution to the 170 Abundance correction
for 13C/12C determinations from CO, isotopologue measurements, including CO,
characterised by ‘mass-independent’ oxygen isotope distributions - Geochim Cosmochim
Acta 71(13), 3145-3161, 2007
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Nick, EM., J. van der Kwast, J. Oerlemans - Simulation of the evolution of
Breidamerkurjokull in the late Holocene - Journal of Geophysical Research 112 (BO1103,
doi:10.1029/2006JB004358, 2007

Oerlemans, J., M. Dyurgerov, R.S.W. van de Wal - Reconstructing the glacier contribution to
sea-level rise back to 1850 - The Cryosphere 1, 59-65, 2007

QOerlemans, J. - Estimating response times of Vadret da Morteratsch, Vadret da Palue,
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Omta, A.W., S.A.L.M. Kooijman, H.A. Dijkstra - The influence of meso-scale eddies
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Quartel, S., A. Kroon, P.G.E.F. Augustinus, P. van Santen, N.H. Tri - Wave attenuation in
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Smit, M\W.J., S.G.J. Aarninkhof, K.M. Wijnberg, M. Gonzalez, K.S. Kingston, H.N.
Southgate, B.G. Ruessink, R.A. Holman, E. Siegle, M. Davidson, R. Medina - The role of
video imagery in predicting daily to monthly coastal evolution - Coastal Engineering 54,
539-553, 2007

Steinwagner, J., T. v. Clarmann, T. Réckmann, G.P. Stiller, M. Milz, N. Glatthor, U. Grabowski,
M. Hopfner - Global HDO measurements with MIPAS and inferred dD values - Atmospheric
Chemistry and Physics 7, 2601-2615, 2007

Tarasova, O.A., C.A.M. Brenninkmeijer, S.S. Assonov, N.F. Elansky, T. Rockmann, M.A. Sofiev
- Atmospheric CO along the Trans-Siberian Railroad and River Ob: source identification using
isotope analysis - Journal of Atmospheric Chemistry 57, doi: 10.1007/510874-007-9066-,
2007

Terwisscha van Scheltinga, A.D., H.A. Dijkstra - Efficient estimation of time-mean states of
ocean models using 4D-Var and implicit time-stepping - Nonlinear Processes in Geophysics
14,777-788, 2007

Terwisscha van Scheltinga, A.D., H.A. Dijkstra - A comparison between explicit and implicit
variational data-assimilation - Nonlinear Processes in Geophysics 14, 763-776, 2007

Tonnon, PK., L.C. van Rijn, D.J.R. Walstra - Morphodynamic modelling of tidal sand waves
on the shoreface - Coastal Engineering 54, 279-296, 2007

Turdukulov, U., C.A. Blok, B.G. Ruessink, I.L. Turner - Connecting users with their data: an
environment to explore the morphodynamics of rip channels — Cartographica 42, 139-151,
2007

Turner, I.L., D. Whyte, B.G. Ruessink, R. Ranasinghe - Observations of rip spacing,
persistence and mobility at a long, straight coastline - Marine Geology 236, 209-221, 2007

Van As, D., M.R. van den Broeke - Causes of variability in the summertime Antarctic
boundary-layer climate - International Journal of Climatology 27, 1735-1751, 2007

Van As, D., M.R. van den Broeke, M.M. Helsen - Strong-wind events and their impact on the
near-surface climate at Kohnen Station on the Antarctic Plateau - Antarctic Science 19 (4),

507-519, 2007

Van de Wal, R.S.W., H.A.J. Meijer, M. de Rooij, C. van der Veen - Radiocarbon analyses
along the EDML ice core in Antarctica - Tellus 59B, 157-165, 2007
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Van den Berg, W.J., M.R. van den Broeke, E. van Meijgaard - Heat budget of the East
Antarctic lower atmosphere derived from a regional atmospheric climate model - Journal of
Geophysical Research 112, doi:10.1029/2007JD008613, 2007

Van der Vegt, M., H.M. Schuttelaars, H.E. de Swart - Modeling the formation of undulations
of the coastline: the role of tides - Continental Shelf Research 27, 2014-2031, 2007

Van Dop, H, S. Axelsen - Large eddy simulation of the stable boundary-layer: a retrospect to
Nieuwstadt's early work - Flow Turbulence Combust 79, 235-249, 2007

Van Rijn, L.C. - Unified view of sediment transport by currents and waves, I: Initiation of
motion, bed roughness and bed-load transport - Journal of Hydraulic Engineering, ASCE,
Vol. 133, No. 6, p. 649-667, 2007

Van Rijn, L.C. - Unified view of sediment transport by currents and waves, II: Suspended
transport - Journal of Hydraulic Engineering, ASCE, Vol. 133, No. 6, p. 668-689, 2007

Van Rijn, L.C. - Unified view of sediment transport by currents and waves, lll: Graded beds -
Journal of Hydraulic Engineering, ASCE, Vol. 133, No. 7, p. 761-775, 2007

Van Rijn, L.C., D.J. Walstra, M. van Ormondt - Unified view of sediment transport by
currents and waves, IV: Application of morphodynamic model. Journal of Hydraulic
Engineering, ASCE, Vol. 133, No. 7, p. 776-793, 2007

Van Santen, P, P.G.E.F. Augustinus, B.M. Janssen-Stelder, S. Quartel, N.H. Tri - Sedimentation
in an estuarine mangrove system - Journal of Asian Earth Sciences 29(4), 566-575, 2007

Van Sebille, E., PJ. van Leeuwen - Fast northward energy transfer in the Atlantic due to
Agulhas Rings - Journal of Physical Oceanography 37, 2305-2315, 2007

Van Tuyll, C.I., R.S.W. van de Wal, J. Oerlemans - The response of a simple Antarctic ice-
flow model to temperature and sea-level fluctuations over the Cenozoic era - Annals of
Glaciology 46, 69-77, 2007

Van Zomeren, J., A.J. van Delden - Vertically integrated moisture flux convergence as a
predictor of thunderstorms - Atmospheric Research 83, 435-445, 2007

Vis-Star, N.C., H.E. de Swart, D. Calvete - Effect of wave-topography interactions on the

formation of sand ridges on the shelf - Journal of Geophysical Research 112, C06012,
doi:10.1029/2006JC003844, 2007
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Vollmer, S., M.G. Kleinhans - Predicting incipient motion including the effect of
turbulent pressure fluctuations in the bed - Water Resources Research 43, W05410,
doi:10.1029/2006WR004919, 2007

Von der Heydt, A.S., H.A. Dijkstra - Localization of multidecadal variability: I. Cross
equatorial transport and interbasin exchange - Journal of Physical Oceanography 37, 2401-
2414, 2007

Vossepoel, F.C. - Uncertainties in the mean ocean dynamic topography before the launch
of the Gravity field and steady-state Ocean Circulation Explorer - Journal of Geophysical
Research 112, C05010, doi:10.1029/2006JC003891, 2007

Vossepoel, F.C., PJ. van Leeuwen - Parameter estimation using a particle method: Inferring
mixing coefficients from sea-level observations - Monthly Weather Review 135 (3), 1006-
1020, 2007

Weijer, W., F. Vevier, S. Gille, H.A. Dijkstra - Multiple oscillatory modes of the Argentine
Basin, I. Statistical Analysis - Journal of Physical Oceanography 37, 2855-2868, 2007

Weijer, W., F. Vevier, S. Gille, H.A. Dijkstra - Multiple oscillatory modes of the Argentine
Basin, Il. The spectral origin of the basin modes. Journal of Physical Oceanography 37, 2869-
2881, 2007

Williams, B.J., A.H. Goldstein, D.B. Millet, R. Holzinger, N.M. Kreisberg, S.V. Hering,

A.B. White, D.R. Worsnop, J.D. Allan, J.L. Jimenez - Chemical speciation of organic

aerosol during the International Consortium for Atmospheric Research on Transport and
Transformation 2004: Results from in situ measurements - Journal of Geophysical Research-
Atmospheres, 112 (D10S26), doi:10.1029/2006JD007601, 2007
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2008

Andreassen, L.M., M.R van den Broeke, R.H Giessen, J. Oerlemans - A 5 year record of
surface energy and mass balance from the ablation zone of Storbreen, Norway - Journal of
Glaciology 54, p. 245-258, 2008

Bernsen, E., H.A. Dijkstra, FW. Wubs - A method to reduce the spin-up time of ocean
models - Ocean Modelling 20 (4), p. 380-392, doi: 10.1016/j.0cemod.2007.10.008, 2008

Bintanja, R., R.S.W van de Wal - A three million-year history of Northern Hemisphere
glaciation - Nature 454, doi:10.1038/nature07158, 2008

Buijsman, M.C., H. Ridderinkhof - Long-term evolution of sandwaves in the Marsdiep inlet.
I: High-resolution observations - Continental Shelf Research 28, 1190-1201, 2008

Buijsman, M.C., H. Ridderinkhof - Long-term evolution of sandwaves in the Marsdiep inlet.
Il: Relation to hydrodynamics - Continental Shelf Research 28, 1201-1215, 2008

Deleersnijder, E., E. Hanert, H. Burchard, H.A. Dijkstra - On the mathematical stability of
stratified flow models with local turbulence closure schemes - Ocean Dynamics 58, p. 237-
246, 2008

De Swart, H.E., M. Walgreen, D. Calvete, N.C. Vis-Star - Nonlinear modelling of shoreface-
connected ridges; Impact of grain sorting and interventions - Coastal Engineering 55, p.
642-656, 2008

Dijkstra, H.A. - Scaling of the Atlantic meridional overturning in a global ocean model -
Tellus 60A, p. 749-760, 2008

Dijkstra, H.A., L.M. Frankcombe, A.S. von der Heydt - A stochastic dynamical systems view
of the Atlantic Multidecadal Oscillation - Philosophical Transactions of the Royal Society A
366, p. 2545-2560, 2008

Divine,D., E. Isaksson, H.A.J Meijer, R.S.W. van de Wal, T. Martma, V. Pohjola, J. Moore,
F. Godtliebsen - The deuterium excess record from a small Arctic ice cap - Journal of

Geophysical Research 113, D19104, doi:10.1029/2008JD010076, 2008.

Drijfhout, S., L.R.M. Maas — Impact of channel geometry and rotation on the trapping of
internal tides — Journal of Physical Oceanography 37, p. 2740-2763, 2008
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Ehret, G., C. Kiemle, M. Wirth, A. Amediek, A. Fix, S. Houweling - Space-borne
remote sensing of CO,, CH4 and N,O by integrated path differential absorption
lidar: a sensitivity analysis — Applied Physics B, doi:10.1007/s00340-007-2892-3,
2008

Eisen, O., M. Frezzotti, C. Genthon, E. Isaksson, O. Magand, M.R. van den Broeke,

D.A. Dixon, A. Ekaykin, P. Holmlund, T. Kameda, L. Karlof, S. Kaspari, V. Lipenkov, H.
Qerter, S. Takahashi, D. Vaughan - Ground-based measurements of spatial and temporal
variability of snow accumulation in East Antarctica - Reviews of Geophysics 46, RG2001,
doi:10.1029/2006RG000218, 2008

Frankcombe, L.M., H.A. Dijkstra, A.S. von der Heydt - Sub-surface signatures of the Atlantic
Multidecadal Oscillation - Geophysical Research Letters 35, L19602, 2008

Frankenberg, C., P. Bergamaschi, A. Butz, S. Houweling, J.-F. Meirink, J. Notholt,

A K. Petersen, H. Schrijver, T. Warneke, I. Aben - Tropical methane emissions: A

revised view from SCIAMACHY onboard ENVISAT - Geophysical Research Letters 35,
doi:10.1029/2008GL034300, 2008

Gerkema T, J.T.F. Zimmerman, L.R.M. Maas, H. van Haren — Geophysical and astrophysical
fluid dynamics beyond the traditional approximation — Reviews of Geophysics 46, (2), p.
1-33, 2008

Giesen, R.H., M.R. van den Broeke, J. Oerlemans, L.M. Andreassen - Surface energy
balance in the ablation zone of Midtdalsbreen, a glacier in southern Norway: Interannual
variability and the effect of clouds - Journal of Geophysical Research 113 (D21111), doi:
1029/2008JD010390, 2008

Hazewinkel, J., P. van Breevoort, S.B. Dalziel, L.R.M. Maas — Observations on the wave
number spectrum of an interval wave attractor in a two-dimensional — Journal of Fluid
Mechanics 598, p. 373-382, 2008

Helsen, M.M., M.R. van den Broeke, R.S.W. van de Wal, W.J. van de Berg, E. van Meijgaard,
C.H. Davis, VY. Li, I. Goodwin, S. Kaspari - Elevation changes reveal opposing ice sheet mass
balance pattern in East and West Antarctica - Science 320, p. 1626-1629, 2008

Hoitink, A.J.F., A. Dommerholt, L.P.A. van Gerven - Hydraulic Design of a Tilting Weir

Allowing for Periodic Fish Migration - Journal of Hydraulic Engineering 134(11), 1559-1569,
2008
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Houweling, S., G.R. van der Werf, K. Klein Goldewijk, T. Réckmann, I. Aben - Early
anthropogenic emissions and the variation of CH4 and 13CH4 over the last Millennium -
Global Biogeochemical Cycles 22, doi:10.1029/2007GB002961, 2008

Jacobs, C.M.J., E.J. Moors, H.W. ter Maat, A.J. Teuling, G. Balsamo, K. Bergaoui, J. Ettema,
M. Lange, B.J.J.M. van den Hurk, P. Viterbo, W. Wergen - Evaluation of European land data
assimilation system (ELDAS) products using in situ observations - Tellus 60A, p. 1023-1037,
doi: 10.1111/.1600-0870.2008.00351.x, 2008

Kleinhans, M.G., H.R.A. Jagers, E. Mosselman, C.J. Sloff - Bifurcation dynamics and avulsion
duration in meandering rivers by one-dimensional and three-dimensional models - Water
Resources Research 44(\W08454), 2008

Kleinhans, M.G., C.R.L.PN. Jeukens, C.J.G.Bakker, R.M. Frings - Magnetic resonance
imaging of coarse sediment - Sedimentary Geology 208(3-4), 69-78, 2008

Kort, E.A., J. Eluszkiewicz, B.B. Stephens, J.B. Miller, C. Gerbig, T. Nehrkorn, B.C. Daube,
J.0. Kaplan, S. Houweling, S.C. Wofsy - Emissions of CH4 and N,O over the United

States and Canada based on a receptor-oriented modeling framework and COBRA-NA
atmospheric observations - Geophysical Research Letters 35, 10.1029/2008GL034031, 2008

Kraal, E.R., M. Van Dijk, G. Postma, M.G. Kleinhans - Martian stepped-delta formation by
rapid water release — Nature 451(7181), 973-976, 2008

Krol, M.C., J.-F. Meirink, P. Bergamaschi, J. Mak, D. Lowe - What can 14 CO measurements
tell us about OH? — Atmospheric, Chemistry and Physics 8, p. 5033-5044, 2008

Kuipers Munneke, P, C.H. Reijmer, M.R. van den Broeke, G. K&nig-Langlo, P. Stammes, W.H.
Knap - Analysis of clear-sky Antarctic snow albedo using observations and radiative transfer
modeling — Journal of Geophysical Research 113, D17118, doi:10.1029/2007JD009653,
2008

Lam, FPA., L.R.M. Maas — Internal wave focusing revisited: a reanalysis and new theoretical
links — Fluid Dynamical Research 40, p. 95-122, 2008
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Law, R.M., W. Peters, C. Rodenbeck, C. Aulagnier, I. Baker, D.J. Bergmann, P. Bousquet, J.
Brandt, L. Bruhwiler, P.J. Cameron-Smith, J.H. Christensen, F. Delage, A.S. Denning, S. Fan,
C. Geels, S. Houweling, R. Imasu, U. Karstens, S.R. Kawa, J. Kleist, M.C. Krol, S.-J. Lin, R.
Lokupitiya, T. Maki, S. Maksyutov, Y. Niwa, R. Onishi, N. Parazoo, PK. Patra, G. Pieterse,

L. Rivier, M. Satoh, S. Serrar, S. Taguchi, M. Takigawa, R. Vautard, A.T. Vermeulen, Z. Zhu -
TransCom model simulations of hourly atmospheric CO,: Experimental overview and diurnal
cycle results for 2002 - Global Biogeochemical Cycles 22, 10.1029/2007GB003050, 2008

Machguth, H., R.S. Purves, J. Oerlemans, M. Hoelzle, F. Paul - Exploring uncertainty in glacier
mass balance modelling with Monte Carlo simulation — The Cryosphere 2, p. 191-204, 2008

Masson-Delmotte, V., S. Hou, A. Ekaykin, J. Jouzel, A. Aristarain, R.T. Bernardo, D.
Bromwich, O. Cattani, M. Delmotte, S. Falourd, M. Frezzotti, H. Gallee, L. Genoni, E.
Isaksson, A. Landais, M.M. Helsen, G. Hoffmann, J. Lopez, V. Morgan, H. Motoyama, D.
Noone, H. Oerter, J.R. Petit, A. Royer, R. Uemura, G.A. Schmidt, E. Schlosser, J.C. Simoes,
E.J. Steig, B. Stenni, N, Stievenard, M.R. van den Broeke, R.S.W. van de Wal, W.J. van de
Berg, F. Vimeux, J.W.C. White - A review of Antarctic surface snow isotopic composition:
Observations, atmospheric circulation, and isotopic modeling - Journal of Climate 21 (13), p.
3359-3387, 2008

Meirink, J.F.,, P. Bergamaschi, M.C. Krol - Four-dimensional variational data assimilation
for inverse modelling of atmospheric methane emissions: method and comparison with
synthesis inversion —~Atmospheric Chemistry and Physics 8, p. 6341-6353, 2008

Meirink, J.F., P. Bergamaschi, C. Frankenberg, M.T.S. d’Amelio, E.J. Dlugokencky, L.V.
Gatti, S. Houweling, J.B. Miller, T. Réckmann, M.G. Villani, M.C. Krol - Four-dimensional
variational data assimilation for inverse modeling of atmospheric methane emissions:
Analysis of SCIAMACHY observations - Journal of Geophysical Research 113,
doi:10.1029/2007JD009740, 2008

Nauw, J.J., H.M. van Aken, A. Webb, J.R.E. Lutjeharms, W.P.M. de Ruijter - Observations of
the southern East Madagascar Current and undercurrent and countercurrent system, Journal
of Geophysical Research 113, C08006, doi:10.1029/2007JC004639, 2008

Ojeda, E., B.G. Ruessink, J. Guillén - Morphodynamic response a two-barred beach to a
shoreface nourishment - Coastal Engineering 55, 1185-1196, 2008

Omta, A.W., S.A.L.M. Kooijman, H.A. Dijkstra - Critical turbulence revisited: the impact of

submesoscale vertical mixing on plankton patchiness — Journal of Marine Research 66, p.
61-85, 2008
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Pape, L., B.G. Ruessink - Multivariate analysis of nonlinearity in sandbar behavior - Nonlinear
processes in geophysics 15, 145-158, 2008

Postma, G., M.G. Kleinhans, PTh. Meijer, J.T. Eggenhuisen - Sediment transport in analogue
flume models compared with real world sedimentary systems: a new look at scaling
sedimentary systems evolution in a flume — Sedimentology 55(6), 1541-1557, 2008

Price, T.D., B.G. Ruessink - Morphodynamic zone variability on a microtidal barred beach -
Marine Geology 251, 98-109, 2008

Quartel, S., A. Kroon, B.G. Ruessink - Seasonal accretion and erosion patterns of a microtidal
sandy beach - Marine Geology, 250, 19-33, 2008

Radic, V., R. Hock, J. Oerlemans - Analysis of scaling methods in deriving future volume
evolutions of valley glaciers - Journal of Glaciology 54, p. 601-612, 2008

Reijmer, C.H., R. Hock - Internal accumulation on Storglaciaren, Sweden, in a multi-
layer snow model coupled to a distributed energy- and mass balance model — Journal of
Glaciology 54(184), p. 61-72, 2008

Rignot, E., J.L. Bamber, M.R. van den Broeke, C. Davis, VY. Li, W.J. van de Berg, E. van
Meijgaard - Recent Antarctic mass loss from radar interferometry and regional climate
modeling — Nature Geoscience 2, p. 106-110, 2008

Roelofs, G.-J., V. Kamphuis - Cloud processing, cloud evaporation and Angstrom exponent -
Atmospheric Chemistry and Physics Discussions 8, p. 12721-12736, 2008.

Roelofs, G.-J. - A GCM study of organic matter in marine aerosol and its potential
contribution to cloud drop activation — Atmosphere and Chemistry Physics 8, p. 709-719,
2008.

Ruessink, B.G., Y. Kuriyama - Numerical predictability experiments of cross-shore sandbar
migration - Geophysical Research Letters 35(L01603), 2008

Ruessink, B.G. - Parameter stability and consistency in an alongshore current model
determined with Markov Chain simulation - Journal of Hydroinformatics, 10, 153-162, 2008

Schlosser, E., H. Oerter, V. Masson-Delmotte, C. Reijmer - Atmospheric influence on the

deuterium excess signal in polar firn - implications for ice core interpretation — Journal of
Glaciology 54(184), p. 117-124, 2008
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Smeets, C.J.P.P, M.R. van den Broeke - Temporal and spatial variations of the aerodynamic
roughness length in the ablation zone of the Greenland Ice Sheet - Boundary Layer
Meteorology 128, p. 315-338, 2008

Smeets, C.J.P.P, M.R. van den Broeke — The parameterisation of scalar transfer over rough
ice - Boundary Layer Meteorology 128, p. 339-355, 2008

Smit, M\W.J., A.J.H.M. Reniers, B.G. Ruessink, J.A. Roelvink - Morphological response of a
nearshore double sandbar system to constant wave forcing - Coastal Engineering 55, 761-
770, 2008

Sterl, A., C. Severijns, H.A. Dijkstra, W. Hazeleger, G.J. van Oldenborgh, M.R. van den
Broeke, G. Burgers, B.J.J.M. van den Hurk, P.J. van Leeuwen, P. van Velthoven - When can
we expect extremely high surface temperatures? - Geophysical Research Letters 35, L14703,
doi:10.1029/2008GL034071, 2008

Tedesco, M., X. Fettweis, M.R. van den Broeke, R.S.W. van de Wal, P. Smeets - Extreme
snowmelt in Northern Greenland during summer 2008 - Eos Trans. AGU 89(41),
doi:10.1029/2008E0410004, 2008

Terwisscha van Scheltinga, A.D., H.A. Dijkstra - Conditional nonlinear optimal perturbations
of the double-gyre ocean circulation - Nonlinear Processes in Geophysics 15, p. 727-734,
2008

Van de Berg, W.J., M.R. van den Broeke, E. van Meijgaard - Spatial structures in the heat
budget of the Antarctic atmospheric boundary layer - The Cryosphere 2, p. 1-12, 2008

Van de Wal, R.S.W., W. Boot, M.R. van den Broeke, C.J.PP. Smeets, C.H. Reijmer, J.J.A
Donker, J. Oerlemans - Large and rapid melt-induced velocity changes in the ablation zone
of the Greenland Ice Sheet - Science 321, p. 111-113, doi: 10.1126/science.1158540, 2008

Van den Berg, J., R.S.W van de Wal, G.A. Milne, J. Oerlemans - Effect of isostasy on
dynamical ice sheet modeling: A case study for Eurasia - Journal of Geophysical Research

113 (B05412), di:10.1029/2007JB004994, 2008

Van den Berg, J., R.S.W. van de Wal, J. Oerlemans - A mass balance model for the Eurasian
ice sheet for the last 120 000 years - Global and Planetary Change 61, p. 194-208, 2008
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Van den Broeke, M.R., C.J.PP. Smeets, J. Ettema, P. Kuipers Munneke - Surface radiation
balance in the ablation zone of the west Greenland ice sheet - Journal of Geophysical
Research 113, D13105, doi:10.1029/2007JD009283, 2008

Van den Broeke, M.R. - Depth and density of the Antarctic firn Layer - Arctic, Antarctic and
Alpine Research 40(2), p. 432-438, 2008

Van den Broeke, M.R., C.J.PP. Smeets, J. Ettema, C. van der Veen, R.S.W. van de Wal, J.
Oerlemans - Partitioning of energy and meltwater fluxes in the ablation zone of the west
Greenland ice sheet - The Crysophere Discussions 2, p. 711-736, 2008

Van den Broeke, M.R., W.J. van de Berg, E. van Meijgaard — Firn depth correction along the
Antarctic grounding line - Antarctic Science, doi: 10.1017/5095410200800148X, 2008

Van den Hurk, B.J.J.M., J. Ettema, P. Viterbo - Analysis of soil moisture changes in Europe
during a single growing season in a new ECMWF soil moisture assimilation systeem - Journal
of Hydrometeorology 9, p. 116-131, doi: 10.1175/2007JHM848.1, 2008

Van der Toorn, R., J.T.F. Zimmerman — On the spherical approximation of the geopotential in
geophysical fluid dynamics and the use of a spherical coordinate system — Geophysical and
Astrophysical Fluid Dynamics 102, (4), p. 349-371, 2008

Van Maanen, B., PJ. de Ruiter, G. Coco, K.R. Bryan, B.G. Ruessink - Onshore sandbar
migration at Tairua Beach (New Zealand): numerical simulations and field measurements -
Marine Geology 253, 99-106, 2008

Vis-Star, N.C., H.E. de Swart, D. Calvete — Patch behaviour and predictability properties of
modelled finite-amplitude sand ridges on the inner shelf — Nonlinear Processes in Geophysics

15, p. 943-955, 2008

Von der Heydt, A.S., H.A. Dijkstra - The effect of gateways on ocean circulation
patterns in the Cenozoic - Global and Planetary Change 62, p. 132-146, 2008
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6. Dissertations

FPA. Lam

Ocean and laboratory observations on waves over topography
24 January 2007

Promotor: Prof.dr. J.T.F. Zimmerman

Co-promotores: Dr. L.R.M. Maas en dr. T. Gerkema

J. van den Berg

Interactions between Ice Sheets, Climate and the solid Earth
21 May 2007

Promotor: Prof.dr. J. Oerlemans

Co-promotor: Dr. R.S.W. van de Wal

V. Palastanga

Oceanic variability around Madagascar: connections to the large-scale Indian Ocean
circulation and it forcing

4 June 2007

Promotor: Prof.dr. W.P.M. de Ruijter

Co-promotores: Prof.dr.ir. H.A. Dijkstra and dr. PJ. van Leeuwen

AN. Swart

Internal waves and the poincaré equation - Numerical computation and laboratory
experiments

11 July 2007

Promotores: Prof.dr. H.A. van der Vorst and prof.dr. L.R.M. Maas

Co-promotor: Dr. G.L.G. Sleijpen

M.C. Buijsman

Ferry-observed variability of currents and bedforms in the Marsdiep Inlet
10 October 2007

Promotores: Prof.dr. J.T.F. Zimmerman and prof.dr.ir. H. Ridderinkhof
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A.D. Terwisscha van Scheltinga

Data assimilation with implicit ocean models
24 October 2007

Promotor: Prof.dr.ir. H.A. Dijkstra

S. Quartel

Beachwatch. The effect of daily morphodynamics on seasonal beach evolution
4 December 2007

Promotor: Prof.dr. P. Hoekstra

Co-promotores: Dr. E.A. Addink and dr. B.G. Ruessink

W.J. van de Berg

Present-day climate of Antarctica: a study with a regional atmospheric climate
model

11 February 2008

Promotor: Prof.dr. J. Oerlemans

Co-promotores: Dr. M.R. van den Broeke and dr. E. van Meijgaard

N.C. Vis-Star

Modeling the morphodynamics of shoreface-connected sand ridges
26 November 2008

Promotor: Prof.dr. H.E. de Swart
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7. Summer Schools

2007

Hydro- and morphodynamics of coastal seas and estuaries
17-30 June 2007, Motril, Spain.
Organized and sponsored by IMAU, Utrecht University, the University of Genoa and the

University of Granada.

Convenors:

Participants:
Lecturers:

H.E. de Swart, IMAU, Utrecht University;

P. Blondeaux, Department of Environmental Engineering, FLUBIO,
University of Genoa, Italy;

M. Losada, Grupo de Puertos y Costas-CEAMA & University of
Granada, Spain.

30 PhD students and junior scientists.

P. Blondeaux, R.A. Dalrymple, N. Dodd, A. Falqués, A. Kroon, M.
Losada, G. Parker, J. Ruiz, G. Seminara, H.E. de Swart, G. Vittori, H.
J. de Vriend, D. Calvete, A. Baquerizo, M. Ortega, C. Ribas, P. Roos,
G. Besio, E. Sanchez, P. de los Santos, H.M. Schuttelaars.

NCK Summer School
“Estuarine and Coastal Processes in relation to coastal zone management”
25 June — 6 July 2007, Texel, The Netherlands

Organized and sponsored by all members of the Netherlands Centre for Coastal Research

(NCK), The Netherlands.

Convenors:

Participants:

Lecturers:

H. Winterwerp, Delft University of Technology

J. Mulder, Rijkswaterstaat

K.M. Wijnberg, University of Twente

24 participants from The Netherlands and Belgium, PhD candidates,
employees of Rijkswaterstaat and consultancy companies.

H. Ridderinkhof, H. Winterwerp, S. Hulscher, G. Ruessink, T. Bouma,
A. Oost, T. Hoitink, J.Mulder, P. Herman, D. Roelvink, A. van der Spek,
M. Baptist, K. Wijnberg.
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Urbino Summer School in Paleoclimatology (USSP)

"Past Global Change Reconstruction and Modelling Techniques”

15 July — 5 August 2007, Urbino, Italy

Co-sponsored by the European Consortium for Ocean Research Drilling (ECORD), the

Darwin Center for Biogeology, the Institute for Marine and Atmospheric research Utrecht

(IMAU), IMAGES, and the Netherlands Research School of Sedimentary Geology (NSG), in

collaboration with IODP’s School of Rock.

Convenors: Simone Galeotti, University of Urbino;
Henk Brinkhuis, Utrecht University;
Stephen Schellenberg, San Diego State University;
Roderik van de Wal, IMAU, Utrecht University.

Participants: 55 PhD students and junior scientists.

Lecturers: Henk Brinkhuis , Gabriel Bowen, Ken Caldeira, Margaret Collinson,
Giuseppe Cortese, Robert DeConto, Gerald Dickens, Jochen
Erbacher , Simone Galeotti, Matthew Huber, Paul Koch, Wolfram
Kuerschner, Lee Kump, Luca Lanci, Lucas Lourens, Mark Pagani,
Heiko Palike, Paul Pearson, Isabella Premoli-Silva, Isabella Raffi,
Gert-Jan Reichart, Ursula Rohl, Eelco Rohling, Francesca Sangiorgi,
Stephen Schellenberg, Appy Sluijs, Howard Spero, Catherine Stickley,
Ellen Thomas, Roderik van de Wal, Anna von der Heydt, Scott Wing,
James Zachos, Patrizia Ziveri, Karin Zonneveld.

Ice Sheets and Glaciers in the Climate System

11— 22 September 2007, Karthaus, Italy

Organized and sponsored by IMAU, Utrecht University.

Convenors: J. Oerlemans, IMAU, Utrecht University;
A. Jenkins, British Antarctic Survey;
G. Kaser, The Niels Bohr Institute, Innsbruck.

Participants: 36 PhD students and junior scientists.

Lecturers: H. Fischer, A. Fowler, A. Jenkins, H. Gudmundsson, G. Milne, J. van
den Berg, T. Moelg, H. Rott, M. van den Broeke, A. Stroeven, T.
Payne, J. Oerlemans.
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CKO International Summerschool on Physical Oceanography

16 — 26 September 2007, Les Diablerets, Switzerland

Organized by Netherlands Centre for Climate Research (CKO). CKO is a co-operation

between IMAU, Utrecht University, the Royal Netherlands Meteorological Institute

(KNMI) and the National Institute of Public Health and Environmental Protection (RIVM).

Participating is the staff of the Royal Netherlands Institute for Sea Research (NIOZ).

Convenors: H. A. Dijkstra, A. von der Heydt, O. Leeuwenburgh, A. Terwisscha van

Scheltinga, F. Vossepoel (IMAU, Utrecht University)

C. Katsman (KNMI)

Participants: 26 PhD students and junior scientists

Lecturers: Dudley Chelton, William Dewar, Henk Dijkstra, Sybren Drijfhout,
Stephen Griffies, Peter Jan van Leeuwen, Jochem Marotzke, David
Marshall, Will de Ruijter, Bernadette Sloyan, Michael Spall.

Utrecht Summer School Physics of the Climate System
13 - 24 August 2007, Utrecht, The Netherlands
Organized and sponsored by IMAU, Department of Physics and Astronomy, Utrecht

University.
Convenors: W.P.M. de Ruijter, IMAU, Utrecht University;
G.M. Terra, IMAU, Utrecht University.
Participants: 23 students
Lecturers: Prof. dr. Will de Ruijter, Prof. dr. Theo Opsteegh, Dr. Geert-Jan

Roelofs, Dr. Rupert Holzinger, Prof. dr. Huib de Swart, Dr. Peter Jan
van Leeuwen, Dr. Guido Terra, Dr. Michiel van den Broeke, Dr.
Roderik van de Wal, Prof. dr. Henk Dijkstra, Dr. Jan Rik van den Berg,
Dr. Rupert Holzinger, Prof. dr. Bart van den Hurk, Dr. Aarnout van
Delden.
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2008

Les Houches Summer School Session
" Atmospheric Boundary Layers: Concepts, Observations, and Numerical Simulations”
17 — 27 June 2008, Les Houches, France.
Organized by IMAU, Utrecht University and Wageningen University and Research Center.
Sponsored by IMAU, Utrecht University.
Convenors: Han van Dop, IMAU, Utrecht University
Bert Holtslag, Wageningen University and Research Center
Jordi Vila, Wageningen University and Research Center
Participants: 51 PhD students and young scientists
Lecturers: Larry Mahrt, Zbig Sorbjan, Bert Holtslag, Frank Beyrich, Jordi Vila,
Anton Beljaars, Evgeni Fedorovich, Bernard Geurts, Peter Sullivan,
Alberto Scotti, Harm Jonker, Steve Derbyshire, Ned Patton, Pier
Siebesma, Siegfried Raasch, Bob Beare, Han van Dop.

Urbino Summer School in Paleoclimatology (USSP)

“Past Global Change Reconstruction and Modelling Techniques”

15 July — 3 August 2008, Urbino, Italy

Co-sponsored by the European Consortium for Ocean Research Drilling (ECORD), the

Darwin Center for Biogeology, the Institute for Marine and Atmospheric research Utrecht

(IMAU), IMAGES, and the Netherlands Research School of Sedimentary Geology (NSG).

Convenors: Simone Galeotti, University of Urbino;
Henk Brinkhuis, Utrecht University;
Stephen Schellenberg, San Diego State University;
Roderik van de Wal, IMAU, Utrecht University.

Participants: 58 PhD students and junior scientists.

Lecturers: David Beerling, Jelle Bijma, Gabriel Bowen, Hans Brumsack, Ken
Caldeira, Giuseppe Cortese, Thomas Cronin, Robert DeConto, Timme
Donders, Gerald Dickens, Elisabetta Erba, Jochen Erbacher, Martin
Frank, Gerold Haug, Jens Herrle, Francesca Sangiorgi, Appy Sluijs,
Jan Smit, Howard Spero, Rudy Stein, Catherine Stickley, Debbie
Thomas, Ellen Thomas, Erik Tuenter, Paul Valdes, Anna von der
Heydt, Tim White, Scott Wing, James Zachos, Richard Zeebe, Patrizia
Ziveri, Karin Zonneveld, Matthew Huber, Dennis Kent, Paul Koch,
Dick Kroon, Wolfram Kuerschner, Lee Kump, Luca Lanci, Mark
Leckie, Lucas Lourens, Mark Pagani, Heiko Palike, Paul Pearson,
Isabella Premoli-Silva, Isabella Raffi, Gert-Jan Reichart, Ursula Rohl,
Eelco Rohling.
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Utrecht Summer School Physics of the Climate System
18 - 29 August 2008, Utrecht, The Netherlands
Organized and sponsored by IMAU, Department of Physics and Astronomy, Utrecht

University.
Convenors: W.P.M. de Ruijter, IMAU, Utrecht University;
G.M. Terra, IMAU, Utrecht University.
Participants: 20 students
Lecturers: Michiel v.d. Broeke, Jan-Rik v.d. Berg (FG), Aarnout v. Delden, Henk

Dijkstra, Rupert Holzinger, Bart v.d. Hurk, Peter Jan v. Leeuwen, Theo
Opsteegh, Geert-Jan Roelofs, Will de Ruijter, Huib de Swart, Guido
Terra, Roderik v.d. Wal.

Ice Sheets and Glaciers in the Climate System

9 - 11 September 2008, Karthaus, Italy

Organized and sponsored by IMAU, Utrecht University and The Niels Bohr Institute,

University of Copenhagen, Denmark.

Convenors: J. Oerlemans, IMAU, Utrecht University
D. Dahl-Jensen, University of Copenhagen, Denmark
G. Kaser, The Niels Bohr Institute, Innsbruck

Participants: 36 PhD students and junior scientists

Lecturers: D. Dahl-Jensen, H. Fischer, A. Fowler, A. Jenkins, H. Gudmundsson,
K. Lambeck, J. van den Berg, M. Helsen, T. Moelg, O. Eisen, M. van
den Broeke, R. van de Wal, G. Kaser, J. Oerlemans.

Les Houches Summer School, 2008
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8. Projects 2007/2008

Project Leader Funding Project title
De Ruijter NWO/ALW Propagation of equatorial
climate variability of the
Southwest Indian Ocean
NWO/ALW Retroflection and ring formation
of ocean currents
NWO/ALW ZKO Indian-Atlantic exchange

in present and past climate
(INATEX)

EU/Marie Curie

Impact of upstream anomalies
in the Agulhas Current system
on the inter-ocean exchange
and primary production around
Southern Africa.

SRON

Systeem aarde

De Ruijter / Dijkstra

IMAU/UU

On the Indian Ocean’s role in the
global thermohaline circulation
(THC)

De Swart

NWO/ALW

Effect of climate change and
human interventions on the
dynamics of turbidity maxima

in estuaries: coupling of
morphology and biology (LOICZ)

NWO/EW

Adviseurschap NDNS

NDNS

Nonlinear estuarine
hydrodynamics and
environmental processes

FOM

Nonlinear dynamics of
shoreface-connected sand
ridges, the role of grain sorting,
waves and three-dimensional
transport processes

uu

Modelling of estuarine turbidity
maxima

De Swart / Kroon

UU/EU/IMAU

Dynamics of nearshore oblique
sand bars: data analysis and
modelling

Van Delden

IMAU/UU

Synoptic setting and forecasting
of thunderstorms
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Project Leader Funding

Project title

Van Delden / Van den Hurk ~ NWO/ALW

Impact of soil processes on
atmospheric blockings in
European summer

Dijkstra NWO/ALW

Atmospheric variability and the
Atlantic Multidecadal Oscillation.
Part A: Dynamical analysis of

a coupled ocean-atmosphere
model

NWO/ALW

A new approach to the spin-

up problem in ocean-climate
models. Part B — Towards iCCSM
3.0

NWO/ALW

Atmospheric feedbacks

NWO/ALW ZKO

Changes in vertical stratification
and their impact on
phytoplankton communities
(STRATIPHYT)

NWO/STW

Reconstruction of the time-mean
absolute velocity field of the
ocean circulation

NWO/NCF

Machine-independent version of
CCSM3

NWO/NCF

NWO/NCF Machine independent
version of the Parallel Ocean
Program

NWO/NCF

ESSENCE

SURFnet/NWO Enlighten
your research

Remote High-resolution
visualisation of Climate Data
using Pixel Streaming

NWO Toptalent

Impact of Atmospheric
Feedbacks on the Stability of
the Atlantic Thermohaline
Circulation

NWO/SRON Design of an optimal observing
system for oceans
KvK KvK KKF-01 projectidee
KvK KvK VBR-11 state of the art
IMAU/UU The Agulhas current system: a
key control of Atlantic climate
Dijkstra / Von der Heydt NWO-VENI Ocean circulation and

continental drift: A new
systematic approach
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Project Leader

Funding

Project title

Hoekstra

NWO, Wotro, KNAW

Land degradation, estuarine
dynamics and delta development
in the Berau system.

Framework: East Kalimantan
coastal zone research
programme

UCG/UU Coastal systems and lowland
river systems
RWS/RIKZ Morphology and Ecology of

the Wadden islands in the
framework of nature restoration

Hoekstra / Ten Haaf

RWS/RIKZ/NGO'’s

Washovers on barrier islands

Hoitink

NWO/Wotro/KNAW

Mixing and dispersion in marine
waters surrounding coral reefs.
Framework: East Kalimantan
coastal zone research
programma

Holzinger

NWO/ALW

Total-Multiphase-Organic-
Carbon Mass-Spectrometer for
investigating atmospheric low
volatility organic carbon and
aerosol-climate effects

MPI

Development of an Aerosol PTR-
MS system

Holzinger / Réckmann

IMAU/UU

Investigation of organic trace gas
budgets, atmosphere transport
and oxidation capacity with
isotope techniques.

Oerlemans

KNAW

Akademiehoogleraarschap

NWO/SPINOZA

Ice and Climate-programme
(SPINOZA)

NWO

NWO-Dutch Russian research

NWO/ALW (IPY-NL)

The dynamic response of Arctic
glaciers to global warming
(GLACIODYN)

NWO/ALW

Extracting climatic information
from glacier-length records

OoCwW

OCW-IPY Dynamiek Groenlandse
ijskap

IMAU/UU

The effect of surfacing dust
layers on the evolution of the
Greenland ice sheet.

Opsteegh / Van Delden

uu

Cyclogenesis and wave breaking
at the tropopause and associated
stratosphere-troposphere
exchange

UU/IMAU

Atmospheric circulation and
global change
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Project Leader

Funding

Project title

Ruessink

NWO
EU

Nearshore crescentic sand bars

TRANSKEW — sediment transport
under waves

Ruessink / Quartel

RWS/RIKZ

Project Kustlijnzorg

Réckmann

NWO/ALW (NAP)

Changes of the natural N,O
cycle in the past inferred from
isotope measurements on air
trapped ice cores

NWO/ALW

H, budget

NWO/ACTS

The impact of a future hydrogen
economy on atmospheric
composition

NWO-VICI

Using isotope measurements
on air trapped in ice cores to
reconstruct past changes in the
global methane budget

Production of methane from
organic matter under aerobic
conditions

Production of non-methane
hydrocarbons from organic
matter

SRON

Framework programme Space
Research System Earth: Global
modeling of greenhouse gases
using the TM5 model

SRON/GO

Isotope studies from satellite
observations (ISOSAT)

EU

A European Network for
Atmospheric Hydrogen
observation and studies
(EUROHYDROS)

EU

Stratospheric-Climate Links
with Emphasis on the upper
troposphere and lower
stratosphere (SCOUT-03)

Japan Society for the
promotion of Science

Investigation of formation and
processing of aerosol using
isotope measurements on
aerosols (in particular the oxygen
isotope anomaly)

IMAU/UU

Investigation of organic trace gas
budgets in the atmosphere with
isotope techniques

Roéckmann / Houweling

SRONNVICI

SRONNVICI

Modelling of atmospheric
methane emission from
Amazonia

Modelling the hydrology of the
Amazone basin
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Project Leader Funding Project title
Réckmann / Krol SRON Improving Methane Emission
estimates Aided by Satellite data
(IMEAS)
Roelofs NWO/ALW Experimental and model analysis
of aerosol activation in the
Netherlands
uu A model study of warm cloud
dynamics-microphysics and
precipitation formation
Roelofs / Houweling SRON Systeem Aarde
Tijm Reijmer NWO/ALW (IPY-NL) Meltwater input, flow and
calving of Arctic glaciers
uu Modelling the surface albedo of
snow and ice surfaces
Van Delden IMAU/UU Synoptic setting and forecasting
of thunderstorms
Van de Wal NWO/ALW Greenland Ice Sheet — Stability,

History and Evolution/North
EEMian ice core project

NWO/ALW NAAP

Interpretation and measurements
of isotopes and gas in Antarctica
(part A)

NWO/ALW (NAP) Reconstruction of CO,,
temperature, sea level and ice
volume over the last 3 million
years

NWO (NAP) Mass Balance observations on
the Greenland ice sheet

NWO/NCF Parallelisation of Antarctic Ice
Sheet model

NWO/NCF CCSM_Antarctica

SRON/GO Sea level change and cryospheric
modelling validated by GOCE
data

UCG/UU Inception of the Antarctic ice
sheet

UCG/UU Mechanisms underlying the

Greenhouse-Icehouse transition;
modelling the Eocene-Oligocene
boundary

Van de Wal / Dijkstra

Shell/Senter Novem

Shell source rock
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Project Leader

Funding

Project title

Van den Broeke

NWO/ALW

Melting in Antarctica: a
combined observational and
modelling approach

EU FP6

EPICA-EU-3: Observation and
modelling of atmospheric and
post-depositional processes

NWO/ALW (NAAP)

Long-term monitoring of
Antarctic climate using
Automatic Weather Stations
(2004-2007)

NWO/ALW (NAAP)

Long-term monitoring of
Antarctic climate using
Automatic Weather Stations
(2008-2012)

NWO/ALW (NAP)

Climate of the west-Greenland
ablation zone: towards an IPY
activity in 2008

NWO/ALW (NAAP)

Reducing the Uncertainty in
the Mass Balance of Antarctica
(RUMBA)

NWO/ALW (RAPID)

Mass balance and freshwater
contribution of the Greenland
ice sheet: a combined modelling
and observational approach

NWO/ALW (IPY)

Regional modelling of Greenland
surface mass balance for key
episodes in the past and future

NWO/ALW (IPY)

Two low-temperature automatic
weather stations in interior East
Antarctica

NWO/ALW (IPY)

IPY education and outreach

EU FP7

EPICA-MIS, Enhanced
Paleoreconstruction and
Integrated Climate Analysis
through Marine and Ice core
Studies

NWO/NCF

Modelling the surface mass
balance of the large ice sheets

IMAU/UU

Summit Radiation Experiment
(SURE 2007)

IMAU/UU

Antarctic climate studies
(SWEDARP 06/07)

Van der Vegt / Hoekstra

uu

Dynamics of a small tidal inlet
(Slufter, Texel)

Van Dop

uu

Large eddy simulation of
katabatic flows

76

IMAU Biennial Report 2007/2008



Project Leader Funding Project title

Van Leeuwen BSIK North-Atlantic Ocean Monitoring
and Modelling
SRON Dynamics and sensitivities of the

Indian-Atlantic Ocean exchange
using altimetry and GOCE gravity
observations

EU Marine Environment and Security
for the European Area (MERSEA)
Van Leeuwen / De Ruijter NWO/ALW Transport and circulation around
Madagascar
SRON Framework programme Space

Research System Earth: Absolute
ocean velocity using the GOCE
satellite and inverse modeling

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
status on January 1, 2008: 29
status on January 1, 2009: 30

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
status on January 1, 2008: 10
status on January 1, 2009: 8
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9. Management team

Director
Prof. dr. W.P.M. de Ruijter

Members of the Governing Board
Prof. dr. J. Oerlemans
Prof. dr. W.P.M. de Ruijter
Prof. dr. P. Hoekstra
Prof. dr. J.D. Opsteegh (until 1-5-2007)
Prof. dr. T. Réckmann
Prof. dr. H.A. Dijkstra
E.l. de Koning, MA (until 15-5-2008)
S.H.M. Tap, MSc (from 1-7-2008)
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