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INTRODUCTION

Deltas in Depth

Science has been fundamental to understanding climate change and the broad range of its direct and indirect
impacts; we now understand better the vulnerability of cities and rural areas, how people’s lives are being affected
and how they are responding. Scientific research can contribute to innovations in technology, governance and ways
of doing things so that communities, organisations and regions can better adapt to climate change.

Globally, researchers and practitioners are at work trying to solve the problems posed by climate change.
Increasingly, this research and the learning and application of new knowledge is being done in partnership with
practitioners and decision-makers. The co-production of knowledge leads to new questions being asked that are
more relevant to societal stakeholders. It also means that new knowledge and tools are being applied more quickly
and effectively. And this, in turn, should lead to new questions feeding research agendas.

Over the last five years delta regions have become a focus for climate impacts, vulnerability and adaptation research
and of greater policy attention. Deltas are hubs for economic activities, attracting many people with their highly
productive ecological and agricultural systems and because they serve as the link between hinterlands and the
oceans. Climate change affects the security and welfare of people in deltas and requires responses from societies.
Indeed, with evidence of deepening vulnerability and accelerating climate change, we may expect cascading
‘adaptation emergencies’ in future. We need to learn quickly how to cope with these while ensuring sustainable
development.

The first conference ‘Deltas in Times of Climate Change’ was held in Rotterdam in 2010. The focus was then on
impacts and adaptation strategies. Four years further and with many more results from adaptation research, this
second conference will zoom in on scientific research and practical experiences relating to the implementation of
adaptation strategies, often achieved through new partnerships between science and practice. One of the goals of
the conference is to exchange the results of this research and experience, and to make them available more widely.

At the conference 56 scientific sessions covering eleven themes will be held. The sessions will be of interest to
scientists, policy makers and practitioners. In November 2013 we sent out a call for papers. This resulted in the
submission of 400 abstracts. The conference’s 44 convenors assessed the abstracts and proposed a programme,
which the conference’s Scientific Committee approved. In total almost 350 abstracts were selected for oral and
poster presentations. In this book you will find the abstracts of the oral and poster presentations per theme. We look
forward to meeting you at this conference and hope you have a useful and inspiring time in Rotterdam.

Frans Berkhout, Chairman Scientific Committee
Pier Vellinga, Chairman Steering Committee
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DD 1.1-1 KNMI*14: NEW CLIMATE CHANGE SCENARIOS FOR
THE NETHERLANDS

Bart van den Hurk, Albert Klein Tank, Katsman Caroline, Hazeleger Wilco,
Lenderink Geert, Beersma Jules
KNMLI, De Bilt, The Netherlands

Research questions

A previous set of climate change scenarios released in 2006 (KNMI’06) has been used in many assessments of the
impact of regional climate change in the Netherlands and surrounding on various sectors in the Netherlands. It is
used as reference in operational water management design, ecological surveys, energy consumption and more. The
experience with KNMI’06 triggered new requirements, the UN climate panel IPCC has produced a new report, and
scientific progress has changed the knowledge that is relevant for assessing regional climate change and variability.
Therefore, a new generation of scenarios is released in May 2014 (KNMI’14).

Research methodology

We explore a large Global Climate Model ensemble (CMIP5) in terms of regional climate change. 4 scenarios are
defined that span the range of global model output. Extensive use of in-house modelling global and regional climate
modelling tools and (international) collaboration in research programs have allowed a further extension expressed the
types of variables included, the spatial detail, the role of natural variability at various time scales, and the ability to
generate synoptic “future weather”images that are consistent with the scenarios.

Results

Compared to our previous scenarios, the general picture still holds: winters get wetter, extreme precipitation increases
both in summer and winter, cold extremes become milder while warm extremes intensify, wind patterns show small
changes compared to natural variability, and sea level continues to rise. Major changes are the envelope of sea

level rise projections (upper limit increased near the end of the 21st century), reduced severity of summer droughts
(although extremely dry summer are still possible in the new scenarios), and addition of a set of projections for 2030.

Importance for stakeholders

Many stakeholders were consulted for the design of KNMI'14. For some sectors and applications the new scenarios
may change the perspective on climate change as depicted by the scenarios. But the increased spatial and temporal
detail, additional variables and new information on natural variability will sharpen this perspective relative to the
previous generation.
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DD 1.1-3  FUTURE CHANGES IN EXTREME TEMPERATURE EVENTS
USING STATISTICAL DOWNSCALING MODEL IN THE
JHELUM BASIN, PAKISTAN

Rashid Mahmood
University of Agriculture, Faisalabad, Pakistan

In the 21t century, climate change is considered to be one of the greatest environmental threats to the world, and
changes in extreme events have more negative impact on human society and natural environment than mean
changes in climate. This study presents projections of future changes in extreme temperature events under A2 and
B2 scenarios using a statistical downscaling model (SDSM) over the Jhelum basin in Pakistan. Bias correction is also
applied to the downscaled daily maximum and minimum temperatures before calculating 8 intensity and 4 frequency
indices, in order to get as close as possible to realistic results. The validation (1991-2000) shows great reliability of
SDSM in obtaining future changes for the periods of 2011-2040, 2041-2070, and 2071-2099, relative to 1961-1990.
Increasing mean annual and seasonal changes, in intensity indices, range between 0.48-4.27°C (B2) and 0.76-4.93°C
(A2) in the 2080s. In frequency indices, the increasing changes in hot days and nights lie between 37-118 (B2) and
150-165 days (A2), and decreasing changes between 291-375 (B2) and 354-442 days (A2) in cold and frost days in
the 2080s.

All intensity and frequency extreme indices reveal more warming towards the end of this century in the Jhelum basin.
The changes in the highest and lowest night time temperatures are simulated as higher than the highest and lowest
day time temperatures. In contrast, the changes in high night time temperatures (hot nights) are lower than high day
time temperature (hot days). Two frequency indicators (hot days and nights) and other two (cold days and nights)
show increasing and decreasing trends, respectively, towards the end of this century. It is also clearly observed that
the high emission scenario (A2) presents higher magnitudes of future changes than the low emission scenario (B2).
This warming trend in extreme temperatures can reduce agricultural produce directly due to increase in day time
temperature, changes in snow cover due to increasing changes in the lowest temperatures, and this trend can also
cause early snowfall and rapid glacier melting.

DD 1.1-4  THE KNMI'14 CLIMATE CHANGE SCENARIOS:
THE WIND CHAPTER

Andreas Sterl, Renske de Winter
KNMLI, De Bilt, The Netherlands

The low-lying Netherlands are vulnerable to storm surges. Therefore, it is of paramount importance for the safety of
the Netherlands to assess potential changes of the storm climate on the North Sea induced by climate change. To do
so we analyze two types of climate model output. The first type is ouput from the CMIP5 models under rcp4.5 and
rcp8.5 forcings. The second is from a set of runs with the regional climate model RACMO that form the basis of the
wind part of the KNMI’14 climate change scenarios. The RACMO runs where resampled to obtain weather situations
that are consistent with pre-specified circulation regime changes. The results from both analyses agree in their main
findings: projected changes in the North Sea wind climate, especially wind strength, are small with respect to natural
variability. None of the CMIP5 models exhibits significant changes over the North Sea under global warming, and

the spread between models is large. The RACMO runs confirm these results. If potential changes in atmospheric

A
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circulation patterns are taken into account, small changes in the wind direction distributions are visible. However,
none of the scenarios exhibits an increase of the -for the Netherlands- most dangerous wind direction (North).

DD 1.2-0 UNDERSTANDING AND PROJECTING SEA LEVEL CHANGE

John Church
Centre for Australian Weather and Climate Research, Hobart, Tasmania, Australia

The rate of global mean sea level rise (GMSLR) has increased during the last two centuries, from a rate of order
tenths of mm yr-1 during the late Holocene, to about 1.7 mm yr-1 since 1901. Ocean thermal expansion and

glacier melting were the dominant contributors to 20th century GMSLR, with relatively small contributions from the
Greenland and Antarctic ice sheets. Process-based models suggest that the larger rate of rise since 1990 results from
increasedradiative forcing (both natural and anthropogenic) and increased ice-sheet outflow, induced by warming

of the immediately adjacent ocean. Confidence in projections of global mean sea level rise has increased since the
AR4 because of improved physical process-based understanding of observed sea level change, especially in recent
decades, and the inclusion of future rapid ice-sheet dynamical changes, for which a quantitative assessment could
not be made on the basis of scientific knowledge available at the time of the AR4. By 2100, the rate of GMSLR for

a scenario ofhigh emissions (RCP8.5) could approach the average rates that occurred during the last deglaciation,
whereas for a strong mitigation emissions scenario (RCP2.6), it would remain at rates similar to those of the 21s!
century. In either case, GMSLR will continue for many subsequent centuries. Although there has been much recent
progress, projections of ice-sheet change are still uncertain, especially beyond 2100. Future sea level change will
not be globally uniform, but models still exhibit substantial disagreement in projections of ice mass loss and ocean
dynamics, which are the main influences on the pattern. It is very likely there will be a significant increase in sea
level extremes, primarily the result of increases in mean sea level. However there is low confidence in region-specific
projections of storminess and associated storm surges.

DD 1.2-1 A GEOLOGICAL PERSPECTIVE ON POTENTIAL FUTURE
SEA-LEVEL RISE

Eelco J. Rohling
Research School of Earth Sciences, The Australian National University,
Canberra, Australia

During ice-age cycles, continental ice volume kept pace with slow, multi-millennial scale, changes in climate forcing.
Today, rapid greenhouse gas (GHG) increases have outpaced ice-volume responses, likely committing us to more
than 9 m of long-term sea-level rise (SLR). We portray a context of naturally precedented SLR from geological
evidence, for comparison with historical observations and future projections. This context supports SLR of up to 0.9
(1.8) m by 2100 and 2.7 (5.0) m by 2200, relative to 2000, at 68% (95%) probability. Historical SLR observations and
glaciological assessments track the upper 68% limit. Hence, modern change is rapid by past interglacial standards
but within the range of ‘normal’ processes. The upper 95% limit offers a useful low probability/high risk value.
Exceedance would require conditions without natural interglacial precedents, such as catastrophic ice-sheet collapse,
or activation of major East Antarctic mass loss at sustained CO, levels above 1000 ppmv.
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DD 1.2-2  THE KNMI'14 SCENARIOS FOR SEA-LEVEL RISE ALONG
THE NORTH SEA

Hylke de Vries, Caroline Katsman, Wilco Hazeleger
KNMLI, De Bilt, The Netherlands

Research question

Global mean sea level is expected to keep rising during the 21%! century and beyond, due to ocean expansion, the
melting of land ice and other processes related to global warming and climate change (IPCC-ARS5). Because of

the immediate societal relevance and the fact that the pattern of sea-level rise is spatially non uniform, it is highly
important to examine the impact of the sea-level rise at regional scales. Here we present a set of temperature-
dependent sea-level scenarios for the North Sea coast. These scenarios are part of a larger set of climate scenarios
(KNMI’14) for a range of atmospheric climate variables, and are intended to provide consistent and plausible images
of the future climate of the Netherlands.

Methodology

Many processes contribute to sea-level rise. Primary contributors to present-day sea level change are the expansion
of the ocean due to warming and the reduction of the amount of water stored on land, mostly in the form of ice and
snow. These processes are taken into account in the scenarios. Main data source is the output from 42 Atmosphere-
Ocean general circulation models that contributed to CMIP5. Based on these data, different scenarios are
construction by stratifying the results along global temperature change (dTglob). Two distinct time paths are chosen
for dTglob, corresponding to a moderately warming scenario and a warm scenario. Results are represented as likely
ranges.

Results

Results are compared to IPCC-AR5 and the previous KNMI’06 scenarios. The results are broadly consistent with
KNMI’'06, but differ in the details of the different contributions. For example, science has advanced to that stage that
presently spatially non-uniform ‘fingerprints’ of all major land-ice contributions to sea-level rise can be generated, to
examine the regional consequences of the melting of the Greenland and Antarctic Ice Sheet. This has led to lower
projected contributions from the Greenland Ice Sheet, but larger contributions from Antarctica. The latter remains a
component accompanied with large uncertainty, due to the uncertain response of the West Antarctic Ice Sheet to a
warming world.

Societal relevance

The consequences of sea-level rise will pervade through almost the entire society of the Netherlands. It therefore
needs little discussion to emphasize the importance of having available a set of state-of-the-art sea-level scenarios.
Being based on the same data as IPCC-AR5, the KNMI’14 sea-level scenarios are expected to be useful for
companies and governments preparing for the consequences of sea-level rise.

1"
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DD 1.2-3  PREPARING FOR SEA LEVEL RISE IN NEW YORK CITY

Cynthia Rosenzweig?, Radley Horton?2, Vivien Gornitz2, Daniel Bader2, David Major2
1 NASA GISS/Columbia University, New York, United States of America
2 Columbia University, New York, United States of America

Research question

Following Hurricane Sandy (October 2012), New York City launched a Special Initiative on Rebuilding and Resilience
(SIRR), a plan with over 250 initiatives to protect against current and future climate hazards. In support of this work,
the New York City Panel on Climate Change (NPCC) provided updated sea level rise projections using a cutting edge
six -component methodology.

Methodology

The probabilistic approach combines Coupled Model Intercomparison Project 5 (CMIP5) ocean change outputs
from global thermal expansion and local ocean mass density changes, ice mass loss (glaciers and ice sheets), with
additional components including the gravitational/rotation/isostatic fingerprint of ice loss, changes in anthropogenic
global land water storage, and local land subsidence in order to provide local sea level rise projections for decision-
making. The projections simulate future sea level for three time slices, using two representative concentration
pathways and 24 GCM models.

Research results

The results indicate that sea levels in the NYC region could exceed the global average, with the 10th and 90th
percentiles respectively rising from between 20 and 76 cm in the 2050s to between 33 and 147 cm in the 2080s. In
the absence of any change in storm characteristics, rising sea levels alone would dramatically increase the frequency
and intensity of coastal flooding.

Societal importance for stakeholders

The range of potential outcomes helps planners to make decisions on different types of climate change adaptation,
including infrastructure, taking into account adaptation lifetime and estimates of uncertainty. With the updated climate
risk information, the City is preparing for the future, working to protect coastal populations and critical infrastructure.

DD 1.2-4  NATURAL HAZARDS AND MIGRATION IN THE
COASTAL REGION OF BANGLADESH

Rezaur Rahman, Anisul Haque, Mashfiqus Salehin, Munsur Rahman
Bangladesh University of Engineering and Technology, Dhaka, Bangladesh

Recent population census of Bangladesh shows that in March 15, 2011 total population of Bangladesh is about 153
million with an average population growth rate of 1.34%. In contrary to this figure, some of the coastal districts of
the South West region, namely Khulna, Bagerhat, Barisal and Jhalokathi show an average population growth rate of
-0.25%, -0.47%, -0.13% and -0.17% respectively. In all of these districts, population growth rates were positive for
the period from 1974-2001. The objective of this paper is to find the reason of this negative population growth for
these specific coastal districts.
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Preliminary field investigation shows that migration is the basic cause of this negative population growth. In order
to find the reasons of this migration, patterns of natural hazards and socio-economic responses due to these are
analyzed. It is found that the most noticeable natural hazard in this region during the period 2001-2011 (for which
negative population growths were found) were two cyclones, namely Sidr (year 2007) and Aila (year 2009). Apart
from cyclone and storm surge, this region also suffers from water and soil salinization, river erosion and drainage
congestion. The cyclones like Sidr and Aila caused a long term environmental damage, for example - drainage
congestion, soil and water salinization and disruption of overall hydro-morphological equilibrium (morphological
shock). These natural hostilities make people of this region feel insecure and ultimately they decide to migrate. In
most of the areas, the middle class people can’t take relief like poor people and have no alternative but to migrate.
The proximity and good communication of safer places (like Chittagong or even India) in terms of availability of job
and free from frequent natural hazards make this migration inevitable.

If the incidents mentioned above are projected linearly considering the climate change effects, it is obvious that
climate change will trigger frequent happenings of these kinds of natural hazards. People will feel insecure and intra-
country and inter-country migration will happen as an irreversible consequence.

DD 1.3-1  CLIMATE CHANGE IMPACTS ON TROPICAL CYCLONES AND
EXTREME SEA LEVELS - EXAMPLES FOR FIJI AND SAMOA

Kathleen Mclnnes, Ron Hoeke, Julian O’Grady
CSIRO, Melbourne, Australia

More frequent and severe inundation events associated with climate-change related sea level rise is often cited as
the biggest single threat to coastal communities. Assessing this threat requires a baseline understanding of local
extreme sea levels and their drivers, including astronomical tides, low frequency (annual and interannual) sea level
variability, and higher-frequency phenomena such as storm surges. Knowledge about which of these components
dominate and how the latter two may change with a changing climate will be important for successful adaptation
and mitigation strategies to rising sea levels. Efforts are currently underway to improve the understanding of how

the short-term signal can influence extreme sea levels through high spatial resolution numerical modeling projects.
Ultimately, these projects will lead to improved overall understanding and therefore prediction of sea-level variability
and inundation events under projected climate change scenarios for Pacific and Indian Ocean island nations. In this
study we combine stochastic cyclone modelling with hydrodynamic modelling to build a more complete picture of
extreme sea level hazard along the coastlines of Fiji and Samoa. We then use this approach to investigate how future
projected changes to ENSO, tropical cyclones and sea level rise may influence coastal stormtide risk around this
coastline. It is anticipated that such studies can provide guidance on the relative importance on storm tide risk of
factors such as ENSO variability, sea level rise and tropical cyclone intensity and frequency change, which may assist
in the prioritisation of their consideration in impact studies given the large uncertainties around projected changes to
these influences in coming decades. An example of how this information can be downscaled to include the effects of
nearshore wave breaking in Apia, Samoa will also be given.

13
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DD 1.3-2 bvyNAMICS OF EXTRA-TROPICAL TRANSITION OF TROPICAL
CYCLONES HITTING WESTERN EUROPE IN A WARMER CLIMATE

Rein Haarsma, Michiel Baatsen, Hylke de Vries
KNMLI, De Bilt, The Netherlands

Recent simulations with a high resolution version of the global climate model Ec-Earth has revealed the possibility of
tropical cyclones hitting Western Europe in a warmer climate. Some of these tropical-cyclones undergo extra-tropical
transistion and re-inforce to hurricane strength when they approach Western Europe (Haarsma et al. 2013). Here we
discuss the mechanism responsible for this transistion and reintensification. In particular the role of latent heat release
and baroclinic instability will be discussed. The connection of latent heat release with atmospheric rivers will be
analysed. In addition the occurence of extreme weather, such as heavy precipitation and wind gusts, in these storms
will be analyzed. They are a potential risk for the eco-systems and society. An additional risk for the agricultural sector
is that these storms will occur during the harvest season in autumn.

Haarsma, R.J., W. Hazeleger, C. Severijns, H. de Vries, A. Sterl, R. Bintanja, G.J. van Oldenborgh and H.W. van

den Brink, More hurricanes to hit Western Europe due to global warming. Geophys. Res. Lett., 2013, doi:10.1002/
grl.50360.

DD 1.3-3  HIGH RESOLUTION MODELLING IMPROVES THE SIMULATION
OF EXTREME WINDS IN THE COASTAL ZONE

Reinout Boers1, Peter Baas!, Henk van den Brink?!, Fred Bosveld?,
Gerrit Burgers?2, Jacco Groeneweg?

1 KNMI, De Bilt, The Netherlands

2 Rijkswaterstaat, Leliestad, The Netherlands

3 Deltares, Delft, The Netherlands

The land surface of the Netherlands is situated below sea level for 40% of its area, and adequate protection against
high water is crucially important for safety and [economic] well-being. More specifically, water defences in the
Netherlands must offer protection against water levels and wave conditions at normative conditions, known as
Hydraulic Boundary Conditions (HBCs). To obtain reliable HBCs, accurate wind fields are required. Here we report on
a program to improve on existing methodologies to calculate extreme wind fields by making use of the high resolution
prediction model HARMONIE.

Specifically, we ask the question: Can HARMONIE improve on more traditional operative modes of calculating wind
fields such as provided by reanalysis techniques?

Since 2012 HARMONIE has been used by KNMI for high resolution weather forecasting. It runs at a resolution of 2.5
km grid size. An explicit comparison is done between HARMONIE and the much lower resolution ERA-Interim dataset
obtained from the European Centre for Medium-Range Weather Forecasting (ECMWF). We make an assessment not
only of regions that benefit most from the increased resolution, but we also assess the added value of the high-
resolution model for the prediction of storm surges along the coast.

Largest improvement from using the HR model is reached in coastal areas and for large inland water bodies like
Lakeldssel. In these areas, wind and surface stress values of ERA-Interim become less accurate due to the coarse
resolution. Smaller water bodies (FrisianLakes, rivers) are too small to be explicitly resolved by HARMONIE. Far from
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the coast, the benefit of the HR model is smaller than in the coastal zone. However, especially for high wind speeds
[> 10m/s], it is still noticeable.

On inland water bodies such as Lake ljssel HARMONIE is able to represent the impact of atmospheric stability and

of land-sea transitions on the wind patterns realistically. This illustrates that the benefit of the high resolution implies
more than adding a refined land-sea mask.

Storm surge calculations with the WAQUA model are closer to the observed water levels when using HARMONIE than
when using ERA-Interim as input for wind fields. The direct effect of resolution difference between HARMONIE and
ERA-Interim explains only a small part of the difference in surge prediction. Apparently, the effect is indirect: the better
land-sea representation of HARMONIE results in higher winds along the coast, even if the results are represented on
the same coarse resolution as ERA-Interim.

DD 1.3-4 ResSPONSE OF HOURLY PRECIPITATION EXTREMES
TO CLIMATE PERTURBATIONS: RESULTS FROM A MESOSCALE
MODEL

Geert Lenderink, Jisk Attema, Jessica Loriaux, Erik van Meijgaard
KNMLI, De Bilt, The Netherlands

Research question

Observations of extreme (sub-)hourly precipitation at mid-latitudes show a large dependency on the dew point
temperature often close to 14% per degree, which is 2 times larger than expected based on the increase in moisture
content of the atmosphere. In literature, it is argued that this behavior is linked to the response of convective
precipitation to moisture increases.

Methodology

This hypothesis is investigated in the non-hydrostatic weather prediction model Harmonie by simulating a selection
of 11 cases over the Netherlands characterized by intense convective showers . First, for each case a reference
simulation representing present-day climate conditions is performed. Then, these experiments are repeated using
perturbations of the atmospheric profiles of temperature and humidity: (i) using an idealized approach with a 2
degrees warmer (colder) atmosphere assuming constant relative humidity, and (ii) using changes in temperature and
humidity derived from a long climate change simulation.

Research results

On average, an increase of extreme hourly precipitation of 11% per degree for the idealized perturbation, and 9%
per degree for the climate change perturbation is found. For the most extreme events these dependencies appear to
approach a rate of 11-14% per degree, in closer agreement with the observed relation.

Societal importance

Short duration precipitation extremes have a large impact on society, for instance on urban flood risks. Unfortunately,
present-day climate models are not well suited in this respect as they use simplified prescriptions of atmospheric
convection, and related precipitation extremes. Here, we provide supporting evidence from a mesoscale atmospheric
model that precipitation intensity could well increase considerably faster than suggested by climate model
simulations.

15
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DD 1.3-5 RESOLUTION DEPENDENCE OF EUROPEAN PRECIPITATION
IN A STATE-OF-THE-ART ATMOSPHERIC GENERAL
CIRCULATION MODEL

Ronald van Haren, Reindert J. Haarsma, Geert Jan van Oldenborgh, Wilco Hazeleger
Royal Netherlands Meteorlogical Institute (KNMI), De Bilt, The Netherlands

Long climate model simulations have necessarily been run at coarse spatial resolutions. Downscaling techniques are
typically applied to general circulation models (GCMs) to obtain details at a finer resolution. Dynamical downscaling
is done by embedding a high resolution regional climate model within a coarse resolution global model, allowing

for a better representation of orographic and coastal effects, as well as more resolved model physics. Large scale
synoptic systems are still largely dependent on the driving GCM.In this study, we use two sets of 5-year 6-member
ensemble simulations of a state-of-the-art atmosphere only GCM (AGCM, EC-Earth) to investigate the effect of GCM
spatial resolution on modeled precipitation over Europe. The objectives of the analysis are to determine whether
climate models have sufficient spatial resolution to have an accurate representation of synoptic systems affecting
precipitation. We investigate if there is a significant statistical difference in modeled precipitation between a medium
resolution (~112km horizontal resolution) and a high resolution (~25km horizontal resolution) model of a state-of-
the-art AGCM, if either of ensembles gives a better representation of precipitation in the current climate, and what
processes are responsible for the differences in modeled precipitation.We find that the high resolution ensemble gives
a more accurate representation of European winter precipitation than the medium-resolution ensemble, both in the
mean-state and in the extremes. The medium resolution ensemble has more precipitation in most of the northern half
of Europe and less precipitation in the southern half. Our results suggest that synoptic systems are better simulated
in high resolution GCMs, providing for a more accurate horizontal moisture transport and moisture convergence. High
resolution regional climate models may have a too small spatial domain to capture this effect. Our findings may be
valid for other GCMs as well, showing the necessity to analyze other GCMs that may become available in the future
with such high horizontal resolutions.

DD 1.4-1  CLIMATE MODELLING - THE NEEDS AND REALITIES OF CITIES

James Young!, Christopher Morgan2, Bosko Telental
1 ARCADIS SENES Canada Inc., Toronto, ON, Canada
2 Environment and Energy Office, Toronto, ON, Canada

While global and region climate models provide information on the future averages of meteorological parameters,
they do not provide sufficient detail to adequately understand the probability of increased frequency, magnitude or
duration of extreme events like heat waves, droughts or intense summer storms on local municipal infrastructure.
Neither does the information detailing the expected constancy of precipitation in the years ahead, help municipalities
to understand the reduction in snowfall (a benefit to snow clearing budgets) or the increased likelihood of severe
summer storms (a very large dis-benefit to city budgets). Municipalities need to have this level of detail so that they
have a solid basis for understanding the requirements and options on how to replace aging infrastructure.

This paper examines a global climate model - regional climate model - weather forecast model combination that
created future hourly averaged data on a very fine grid (1x1 km) over the Greater Toronto Area for the period 2040-
2049. Outputs are compared to a current simulated period (2000-2009) and an assessment made of projected
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changes into the future. Comparisons with observed data allow a true picture of the model uncertainties to be
calculated along with statements about the level of confidence one can expect.

The power of the approach is displayed by examining a recent severe storm in detail showing a significantly better
comparison with measured data than other approaches. The future statistics show, among other things, an almost
3-fold increase in the amount of water in the 1 in100-year storm and significant variability in many weather parameters
across the municipality.

Finally the paper presents a summary of expected impacts on issues that are important to municipalities and how this
type of data can be used to inform future municipal infrastructure decisions on a riding-by-riding basis.

DD 1.4-2  SATELLITE RAINFALL RETRIEVAL OVER COASTAL ZONES

Efi Foufoula-Georgiou'l, Ardeshir Mohammad Ebtehaj2, Zachary Tessler3
1 University of Minnesota, Minneapolis, United States of America

2 Georgia Institute of Technology, Atlanta, United States of America

3 The City College of New York, New York, United States of America

Background

Accurate estimation of precipitation over deltaic regions is important for climate studies, flood prediction, sediment
and nutrient transport, flood inundation mapping, and hazard control. Since observations from rain gauges and
ground radars in these regions are lacking or are very sparse, satellites offer the only reliable source of information.
Yet, while the accuracy of spaceborne microwave precipitation retrieval over oceans from microwave satellites,

such as the TRMM (Tropical Rainfall Measuring Mission), has considerably improved over the past decades,
accurate precipitation retrieval over coastal regions remains a challenge mainly due to the interference of land-ocean
background radiations.

Research question

In view of the GPM (Global Precipitation Measuring Mission), a constellation of satellites launched in February 2014,
there is a great potential to improve the accuracy and space-time resolution of precipitation retrievals over land and
complex topography, including land-water interfaces. This will require the development of new methodologies.

Research results

A new precipitation retrieval algorithm has been developed that offers demonstrated advantages in improving rainfall
retrieval over coastal zones and especially in estimating extreme storms at high spatial resolutions. The developed
methodology relies on a sequence of detection-estimation steps: the detection step makes use of a simple k-nearest
neighborhood classification rule, while the estimation step relies on the modern developments in manifold learning
and regularized estimation paradigms. The algorithm makes use of two joint dictionaries, the spectral and rainfall
dictionaries, containing elements or atoms of spectral responses of different rainfall profiles. We demonstrate the
improved accuracy of the retrieved precipitation over the Ganges, Mekong, and Amazon deltas for several extreme
storms as compared to the current NASA products (2A-12).

Societal importance for stakeholders

Having accurate estimates of precipitation over coastal regions will improve our ability to understand the socio-
ecological response of these vulnerable systems to extremes, make more accurate climate projections, and improve
flood forecasting and risk management practices. This work is part of a global project on ‘Catalyzing action towards
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sustainability of deltaic systems (DELTAS)’ funded by the Belmont Forum and contributing to the forthcoming 2015
‘Sustainable Deltas Initiative’ endorsed by ICSU. The work will complement other contributions from the DELTAS
consortium that have been submitted for the Deltas in Depth sessions and the Deltas in Practice Workshops.

DD 1.4-3 AsSESSING THE RATE OF SUBSIDENCE IN THE BENGAL DELTA

Maminul Haque Sarker!, Jakia Akter!, Md. Munsur RahmanZ, Robert Nicholls2,
Steve Darby3

1CEGIS, Dhaka, Bangladesh

2BUET, Dhaka, Bangladesh

3University of Southampton, Southampton, United Kingdom

High rate of Relative Sea Level Rise (RSLR) is a common phenomenon in the deltas, due to compaction of deltaic
deposits, tectonics and isostasy. During the last couple of years, several researches and studies have been carried
out, for assessing the RSLR of the Bengal Delta. According to those researches the rate of RSLR in this delta varies
from 10 to 25 mmy-1 where subsidence is the main contributor. The results coming out from those researches
indicate a frightening future of the Bengal Delta, which may have pronounced implications on the local people,
decision makers and developing partners to invest for any types of development or adaptive works against climate
change. This article presents the findings of the research which has assessed the rate of subsidence of this delta
through adapting different approaches. We tried to check the historical changes in landform or river courses during
the last 250 years to assess the existence of any high rate of local or regional scale of subsidence. We analyzed the
ground water level changes in the tidal plains due to extraction and assessed the contribution of it in subsidence. We
also analyzed the tidal water level data for assessing decade scale rate of subsidence and the carbon dating data
from secondary sources to assess the subsidence in millennium scale. We developed a methodology for assessing
subsidence in century-scale using archeological monuments in the tidal plains.

Digital Elevation Model based on surveys in 1950s and tidal gauge data were used to relate the average level of
tidal plains with the tidal variations, when tidal movement was free to enter into the tidal plains. Moreover, relation
between the level of tidal plains, homestead platforms and plinths are established using the spot level surveys data.
Archaeological monuments in the tidal plains, other than active delta area, were used for assessing the subsidence.
Based on the analyses, it appears that the rate of subsidence in a particular location can fairly be estimated from
the difference in levels between plinth of the monuments and recently constructed structures dividing the age of the
archaeological monument.

We did not find any significant amount of ground water mining in the tidal plains, different analyses show that the
rate of subsidence in different time-scale vary from 1 to 3 mmy-1, which is far below the recently published rate of
subsidence in the Bangladesh tidal plains.
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DD 2.1-1 sociAL DISRUPTION BY FLOODING,
A EUROPEAN PERSPECTIVE

Wilfried ten Brinkel, Joost Knoop?2, Willem Ligtvoet?
1 Blueland Consultancy, Utrecht, The Netherlands
2 PBL Netherlands Environmental Assessment Agency, Bilthoven, The Netherlands

Research question and importance for stakeholders

One of the aims of Dutch flood risk management policy is to avoid social disruption by flooding. The definition of
social disruption, however, is yet unclear. When is a society disrupted, and what factors shape the extent of the
disruption? These questions need to be answered when making this policy aim operational and thus being able to
steer on avoiding social disruption. The impacts of major floods in Europe over the last 10 years have been studied
aimed at learning about the causal factors that shape social disruption.

Methodology

A lot of research has been carried on physical and social factors that play a role in the extent of social disruption by
disasters. In the Netherlands, these scientific results have been integrated into the Dutch National Risk Assessment,
where the possible impacts of all kinds of threats and disasters that might strike the Netherlands are quantified as a
combined effect of these physical and social factors. One of these disasters is a (major) flood; the estimated impact
may be interpreted as a measure for the social disruption by flooding. The methodology of the Dutch National Risk
Assessment has been applied to 6 major floods in Europe, where the input for the assessment was derived from the
scientific literature, technical reports and articles in newspapers and other media.

Research results

Five impact levels are discriminated for the scores of the assessment methodology: modest, substantial, serious,
very serious and catastrophic. The scores for five out of six European floods are ‘very serious’. To a large extent, this
high score results from the size of the flooded area, and social factors such as loss of trust in authorities, no flood

risk awareness and lack of options to act. Remarkably, the same score was estimated for a major river flood in the
Netherlands (a major coastal flood is considered catastrophic). This Dutch river flood scenario is considered highly
unlikely. On a European scale, however, major floods that are potentially socially disruptive are events that happen
every now and then. Options to restrict social disruption include adequate risk and crisis communication: raising flood
risk awareness, being clear on what may be expected from authorities during a flood, and timely communicating
correct and clear flood warnings.
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DD 2.1-2 How To AVOID SOCIAL DISRUPTION. OPTIONS FOR THE
DUTCH FLOOD RISK MANAGEMENT POLICY TO REDUCE
THE SOCIETAL RISK

Joost Knoop!, Frans Klijn2, Bas Kolen3, Ligtvoet Willem?, Bas van Bemmell

1 PBL Netherlands Environmental Assessment Institute, Bilthoven, The Netherlands
2 peltares, Delft, The Netherlands

3 HKV consultants, Lelystad, The Netherlands

In the 2014 outlines of the Dutch Delta Programme, three main objectives were announced as the basis of the future
flood risk management policy: a tolerable individual risk for everyone behind the dyke (Note that the Netherlands has
52 dike ring areas which are protected against flooding from see, rivers and large lakes), protection of the most vital
infrastructure and finally the avoiding of social disruption as a consequence of flooding. This last objective raises

two questions: what is social disruption and how can the goal of avoiding social disruption be achieved by flood risk
management in a most efficient way.

The concept of social disruption is defined in many different ways, yet the common denominator is that it contains
both physical elements like economic damage, number of casualties and size of the flooded area as well as social
psychological elements which concern the disruption of everyday life and feelings of fear and dissatisfaction. Though
social disruption comprises many factors, the amount of casualties is a key, if not the most important one. Yet the
contemporary policy, as well as the contemplated revised policy, does not steer directly on the potential number of
casualties nor are goals formulated with respect to societal risk (in the case of flooding this concerns the societal risk
for the Netherlands in its entirety). This paper discusses possible ways to set targets for the societal risk and analyses
options to meet these targets. Large numbers of casualties are mainly caused by two factors: one is taken by surprise
either because storm surges are much more severe than expected or levees breach way before the water level
reaches the crest of the levee or the authorities and citizens make the wrong decisions with respect to evacuation.

It is shown that the use of levees with different criteria for the allowed probability of failure (with a relatively limited
probability of failure for a limited part of the flood defense system compared to other levees in the same system) or
the shift to a more adaptive evacuation planning strategy, where, depending on the time left before the flood arrives, a
choice is made between leaving the endangered area or seeking a shelter locally is most promising to meet possible
targets set to the societal risk. A spatial analysis shows that a large city like Utrecht offers many opportunities to
shelter locally.

DD 2.1-3 s CALCULATION OF CASUALTIES FROM FLOODING IN
GERMANY DESIRABLE: METHODS AND CASE STUDIES

Andreas Burzell, Janneke IJmker!, Georg Johann?
1 Deltares, Delft, The Netherlands
2 Emschergenossenschaft, Essen, Germany

Increased population pressure and climate change are expected to cause higher flood risks not only in coastal areas.
Several methods were developed to estimate the flood related tangible and intangible losses in the past. Combined
with the probability of flooding, the overall risk can be quantified. Germany experiences flood risk from different
sources: storm surges, river floods and cloudbursts. Thus, different methods have been applied in Germany to
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determine intangible losses. In the presentation we will focus on the differences between approaches from different
countries in calculating intangible flood risks focusing on the number of casualties and the local individual risk to be
victim of flooding and the transferability of such approaches to other study areas/ nations.

In particular, two different methods are being compared to find similarities and differences between methods

for determining intangible losses (casualties): The insights from the joint research project “XtremRisk”(Extreme

storm surges at open coasts and estuarine areas: Risk assessment and mitigation under climate change aspects)
are compared to the methods from the Netherlands as developed in the research project “Waterveiligheid 21e

eeuw, WV21”(Flood risk in the 21st century) project and applied in the Hueller Bach area (in the catchment of

the Emscher, Germany). The aim of the latter project was complete the flood risk management strategy of the
Emschergenossenschaft in which climate change aspects are also taken into account.

Both methods have been practically implemented in different studies in Germany leading to a set of case studies that
vary in risk source and the vulnerability characteristics of the area. Both methods are based on spatial information on
flood depth and the likelihood of flooding. Differences mainly occur due to the mortality equations.

The case studies will show that it is possible to quantify intangible flood risk and will allow the discussion if a) more
information is desirable and b) what the results can be used for, as this information is often very sensitive and could
lead to an immediate request for flood risk reduction measures. The implications of such research will be presented
and critically discussed at the “Deltas in Climate Change”conference by researchers and stakeholders/clients.

DD 2.1-4 soCIETAL FLOOD FATALITY RISK ASSESSMENTS:
AN ADVANCED METHOD AND ITS APPLICATION TO THE
RHINE-MEUSE DELTA

Karin de Bruijn, Ferdinand Diermanse
Deltares, Delft, The Netherlands

In the Netherlands the possibility of societal disruption by floods plays an important role in the discussion on future
flood risk management strategies. One of the indicators to assess societal disruption is societal flood fatality risk.
Societal flood fatality risk is related to the probability of many fatalities during a single event. In deltas protected by
flood defences, such as the Netherlands, impacts of extreme events depend on the location and number of failures
in the flood defences. The number and location of breaches depend on the failure probabilities of the embankments
and the flow of river water through the breaches into the flood-prone areas. These flows reduce the river water levels
and discharges and thus the probabilities of failures downstream. This retention effect proves to be very relevant.
The assessment of flood risks in deltas protected by defences, accounting for the above described retention effect,
requires an advanced method which enables (1) the joint analysis of both storm surges and river discharges (2)

the incorporation of hydrodynamic interaction of loads and breaches at different locations to include the retention
effect and (3) a complete and dynamic analysis of flood probabilities, breach growth, flood patterns, and flood
consequences.

A new method has been developed which meets these requirements. The method results in FN curves which provide
the probability of events with N or more fatalities. Results further include the potential loss of life (expected annual
number of fatalities) and the contribution of the subareas to the total societal flood risk. The method also gives insight
in which flood scenarios contribute most to societal disruption. To support the decisions on flood risk management
strategies, the outcomes were compared with various views on potential tolerable risk levels from different countries
and scientific fields.The paper discusses the method, its application to the Rhine-Meuse delta and the use of the
outcomes in the discussion on future flood risk management strategies.
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DD 2.1-5 FLOOD HAZARD MAPPING: ON THE PURPOSEFUL
COMBINATION OF INDIVIDUAL FLOOD CHARACTERISTICS
IN BEHALF OF HAZARD ZONING

Frans Klijn!, Frank Alberts2, Karin de Bruijn!, Kymo Slager!, Bas van de Pas’
1 Deltares, Delft, The Netherlands
2 Rijkswaterstaat-WVL, Lelystad, The Netherlands

Increasing vulnerability to flooding ranks among the most important factors that explain why the damage of flood
disasters is steadily increasing worldwide. This implies that sound spatial planning and related building codes may be
considered as measures to reduce flood risk, or at least to prevent that society’s vulnerability increases further. The
planning of such consequence-reducing measures requires access to accurate and comprehensive maps of flood
hazard.

To date, society and economy in the Netherlands are organized in such a way that no restrictions apply on settlement
or development in flood-prone areas, with the exception of active river floodplain. Inspired by the UK’s PPS25, the
Netherlands’ Delta Programme on Urban Development and Re-development investigated whether a framework for
spatial planning could be drafted in view of future flood hazard developments. The first key question was: how to
distinguish a small number of hazard zones as basis for a practical policy framework, given the wealth of data on
individual relevant flood characteristics that have recently been mapped to comply with the EU Floods Directive?

We investigated various methods, building on earlier investigations on this issue, and tried many ways of combining
the geographical data that have been collected from many different national and regional sources to comply with

the requirements of the European ‘floods directive’. We established that for fatalities the most distinctive exposure
characteristics are time of arrival of the first water and flooding depth. For damage, flooding depth is decisive. And for
both, obviously, the probability of flooding is a key factor determining flood hazard too, which cannot be neglected.
But it appeared very difficult to establish this probability in a reliable way for embanked areas (the majority of our
country), whereas it is also a very difficult concept to communicate to lay-people or even policy makers.

We propose a method to unify all relevant hazard characteristics into two comprehensive maps: one for flood damage
hazard (FDH) and one for flood fatality hazard (FFH). Our method allows adding up all flood types (pluvial, regional
runoff, and breaching of primary or secondary embankments) and all probabilities (from frequent to very unlikely) by
building on quantitative models. Next, we combine the two into one hazard zone map for policy purposes, aimed to
call attention to flood hazard as factor to take into account when considering a spatial development and to further
guide investigations. This step involved substantial expert judgement.
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DD 2.2-1 7 ALFA LESSONS IN RURAL EUROPE: COMBINING FLOOD
MANAGEMENT, FARMING AND FORESTRY

Jean-Marie Stam, Lucy Butler2, Heinz-Peter Wierig3, Walter Kretschmer?,
Floor Dikstra®

1 Rijkswaterstaat Room for the River, Utrecht, The Netherlands

2 Eden River Trust, Penrith, United Kingdom

3 Struktur- und Genehmigungsdirektion Siid, Speyer, Germany

4 JUS Weibel & Ness GmbH, Heidelberg, Germany

5 stichting Keizersrande, Diepenveen, The Netherlands

Research question

Creating new capacity for water storage or discharge of peak floods within river catchments helps to decrease the
risk of flooding. In the ALFA project, six partners have undertaken measures to create new capacity for water storage
and discharge in the U.K., France, Germany, Belgium and the Netherlands. The measures implemented by the six
partners occur in predominantly rural areas distributed over the whole catchment: upper, middle and lower part. In
this paper we want to present and compare these measures with two basic questions in mind: what type of measure
is most adequate in which part of the river basin? And how do you combine areas used for water storage or discharge
with other functions and stakeholder interests?

Results

Work in the catchment of the Eden River (UK) is a good example of how to influence the upstream part of the river.
With the help of hydraulic modelling, we have identified the areas that are key to influence the timing of the peak
flows. There, land management is being adapted for example to improve infiltration. In the middle part of the river we
use retention areas for peak-shaving. The Hordt polder (Ger) is being prepared as such an area. Finally, in the lower
part of the catchment we want to discharge the peak flow as quickly and safely as possible by removing obstructions
or bottlenecks. The Room for the River programme in The Netherlands has been set up to improve river discharge
and more than thirty measures have been identified to increase discharge capacity.

Societal importance for stakeholders

These measurements affect the local communities, their economic activities (farming, agriculture and forestry) and
other interests such as ecology. As a result, a close cooperation between flood authorities and the businesses/SME’s
based in these areas has developed, giving rise to interesting examples of water friendly farming practices in the UK
and in the Netherlands (e.g. Deventer and the Overdiepse polder) and to experiments with water friendly forestry in
the Hordt.

ALFA stands for Adaptive Land use for Flood Management and is a project subsidized by the EU through the
INTERREG IV NWE fund. Rijkswaterstaat Room for the River is lead partner for ALFA.
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DD 2.2-2 CREATING SPACE FOR CHANGE: MANAGED REALIGNMENT
AND FLOOD RISK REDUCTION IN LOW-LYING COASTAL AREAS

Luciana S. Esteves
Bournemouth University, Poole, United Kingdom

The ultimate consequence of climate change to society is that we cannot continue living the way we do. The
environment around us is changing and adaptation is a necessity rather than an option. The economic, environmental
and social sustainability of coastal communities will progressively depend on how efficiently and effectively we

can adapt to change and manage increasing flooding and erosion hazards. In many coastal locations, upgrading

of hard engineering defences is now constrained by high economic costs, undesired environmental impacts and
unacceptable consequences associated with potential failure of existing defences. Managed realignment approaches
are increasingly promoted in government strategies worldwide as an alternative able to provide sustainable flood risk
management with additional environmental benefits. Managed realignment is a relatively new approach and existing
evidence of performance is so far debatable. Can managed realignment provide sustainable flood risk management
for low-lying coastal areas? What are the limitations and can these be addressed in a reasonable time frame?

In Europe management realignment is often understood as the creation of intertidal areas by artificially restoring

tidal flow into embanked land. Elsewhere managed realignment is synonymous of managed retreat, i.e. relocation

of structures and people from high risk areas. Here managed realignment is considered a general term describing

a range of methods aiming to create space for coasts to evolve more dynamically, restoring their natural adaptive
capacity. The methods of managed realignment include: removal, breach or realignment of coastal defences;
controlled tidal restoration; and managed retreat. Therefore, managed realignment experiences are more widespread
than first anticipated but preferred methods of implementation vary geographically. Focusing on long-term
sustainability of flood risk reduction, different methods of managed realignment will be contrasted using examples
implemented in low-lying coasts, including deltas, in Europe and elsewhere.

Most projects are designed taking into consideration flood protection criteria. However, there is little evidence

that effects on flood risk are quantified after implementation. Certain characteristics related to the method of
implementation and the suitability of sites pose clear challenges for the sustainability of flood risk management at the
local level. The most climate-proof alternative to reduce people and property at risk from flooding resides in a multi-
layer approach combining managed retreat and other managed realignment methods. Evidence shows that uptake
of managed realignment is constrained due to issues related to land availability, public acceptance and stakeholder
engagement. Reasons underlying these constraints and ways forward to address them will be discussed.

DD 2.2-3 A COMPENSATION MECHANISM FOR FLOOD PROTECTION
SERVICES ON FARMLAND

Hans-Peter Weikard?, Andras Kis2, Gabor Ungvari2
1 Wageningen University, Wageningen, The Netherlands
2 Corvinus Univ - Regional Centre for Energy Policy Research, Budapest, Hungary

A key element in the management of riverine flood risks are reservoirs for the transient storage of flood waters.
Such reservoirs would usually be built on farmland and, in case of a serious flood event, used to lower the flood
peak. Farmers’ willingness to have their lands included in a reservoir critically depends on the compensation they
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receive in case the reservoir is flooded. Our paper proposes a new compensation scheme that consists of an annual
unconditional payment and a compensation payment in case of flooding.

The aim of the paper is to examine the risk allocation properties of the scheme and to determine the optimal share of
the fixed annual fee in the total expected compensation. Next to the specification of the payment scheme a contract
offered by the river authorities to farmers must also specify clear rules on the use of the reservoir, such as minimum
water levels above which the flood gates may be opened.

We employ contract theory[1] to examine optimal contract design stipulating rational responses by farmers, i.e.
farmers will sign the contract and participate in the scheme when it is advantageous to do so. We show how the
optimal payment scheme depends on farmers’ degree of risk aversion.

We find that the conditional payment in case of flooding will usually not cover the full damage to all types of

crops. Hence, cultivating more expensive crops becomes more risky. However, the two-tier payment (annual fee +
conditional flood payment) can generate sufficient revenue for farmers to cover all (expected) damages in the long
term. Under this system farmers have an incentive to make adjustments to their activities, lowering the damage profile
of land use, and the annual fee helps to cover the costs of land use change. The flood payment is assumed to be
uniform, each hectare of land being eligible for the same level of payment.

We calibrate our micro-economic model with data from a case study of the Tisza river, Hungary,[2] and suggest a
contract design for this case. We also address the issue of contract adjustments over time as the rainfall distribution
(in particular the distribution of extreme events) shifts due to climate change.

[1] Bolton&Dewatripont (2005) Contract Theory. MIT Press.
[2] Ungvéri&Kis et al. (2013) Floods and Water Logging in the Tisza River Basin (Hungary). Deliverable no.: D 4.2, EU-
EPI Water, Grant Agreement no. 265213

DD 2.2-5 sofT FLOOD RISK MANAGEMENT: IMPACT IN DELTA’S
AROUND THE WORLD

Anna Wesselink!, Faith Chan2, Jeroen Warner3, Matthijs Kok?4, Shah Alam Khan®
1 University of Twente, Enschede, The Netherlands

2 Nottingham University, Ningbo, China

3 Wageningen University, Wageningen, The Netherlands

4 Delft Technical University, Delft, The Netherlands

5 Bangladesh University of Engineering and Technology, Dhaka, Bangladesh

Research question

This article compares the current flood risk management practices in four populous deltas across the world:
Rhine/Meuse/Scheldt delta (The Netherlands), Pearl River Delta (China), Red River Delta (Vietnam), and Ganges
(Bangladesh) from a sustainability perspective. We make an inventory of the diverse national ‘soft’ flood management
practices and discuss their potential for Sustainable Flood Risk Management (SFRM).

Research results

These areas share several socio-economic and water management characteristics and vulnerable to coastal and
urban flash flood risks. They are densely populated, with coastal megacities arising esp. in East and South Asia,

and have great economic value because of international transport facilities and trading. They are mostly located on
low-lying plains and experience increasing flood risk from (i) intense precipitation, (ii) cyclonic storm surges, (iii) global
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sea level rise and (iv) rapid urbanization in the flood-prone areas. Current risk mitigation strategies for risk mitigation
are focussing primarily on ‘hard’ engineering measures, which still the common practice but normally costly and not
resilient under climatic changes.

Societal importance

‘Softer’ approaches such as flood warning systems, evacuation, land use planning and flood insurance are being
investigated and applied in different ways across the world. For example, in The Netherlands, professional networks
buzz with discussions about so-called ‘multi-layer flood management’ in which ‘hard’ defebces play a role but are
not the sole solution. In view of increased costs of ‘hard’ flood defences, these ‘softer’ approaches are expected to
contribute to achieving sustainable flood risk management (SFRM).

DD 2.3-1 cosTING NATURAL HAZARDS

Heidi Kreibich
German Research Centre for Geosciences, Potsdam, Germany

Reported costs of natural hazards are at historically high levels, and show an increasing trend. However, these cost
assessments do not reflect the complete set of costs of natural hazards. Manny assessments account only for

direct costs and even these alone are assumed to be at least 50% higher than is internationally reported. A better
understanding of the total costs, comprising damage and risk mitigation costs, is urgently needed to accomplish
efficient risk management of natural hazards. A cost-benefit analysis that excludes certain cost categories leads

to sub-optimal decisions. Here we show our vision for integrated cost assessment in risk management which is
represented by the new cost assessment cycle. The cost assessment cycle involves the continuous monitoring of
costs associated with natural hazards risk management, thus enabling the early detection of inefficient risk mitigation
strategies. A close link between the cost assessment cycle and the risk management cycle guarantees integrated
cost assessment and supports improved decision making for more efficient risk management. Making better, more

efficient decisions for natural hazard risk management will gain even more importance in view of global environmental

change.

Ref:
Kreibich H, van den Bergh JCJM, Bouwer LM, Bubeck P, Ciavola P, Green C, Hallegatte S, Logar |, Meyer V,
Schwarze R, Thieken AH (2014) Costing natural hazards. Nature Climate Change, 4.
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DD 2.3-2 RoBUST FLOOD RISK MANAGEMENT AGAINST ACCEPTABLE
COST: HOW THE CHOICE OF CRITERIA AFFECTS THE
RANKING OF STRATEGIES

Marjolein Mens, Nathalie Asselman, Frans Klijn
Deltares, Delft, The Netherlands

Flood risk management strategies consist of sets of measures along the entire river catchments and the flood-prone
area, and may for example combine embankments, retention areas, spatial planning, and disaster management plans.
To obtain a preferred strategy, assessment criteria are needed. In many policy studies, the key economic criterion

is the ratio between the benefits and cost of a strategy. Other studies try to find the optimal investment strategy by
minimizing the sum of cost and (residual) flood risk. We see three challenges with using these economic criteria: 1)
they can yield a different ranking of strategies, which makes it difficult to choose, 2) they do not distinguish between
low-probability/high-consequence risk and high-probability/low-consequence risk, and 3) they require assumptions
on return periods of extreme river discharges, while these are both uncertain and changing into the future due to
climate change.

To overcome these problems, robustness analysis can be used. Such an analysis will give insight into the relationship
between flood magnitude and flood consequences. This shows how sensitive the system is to varying discharges. A
more proportional relationship is believed to represent robust systems that are able to deal with a variety of extreme
discharges, including the ones exceeding the protection level. Proportionality is calculated as the maximum change
in flood consequences for a given change in flood magnitude. The smaller this value, the more proportional the
relationship and the more robust the system. By adding proportionality to the set of economic criteria, the ranking of
strategies may become easier.

This presentation shows a flood risk assessment of a variety of strategies for the Meuse River valley in the
Netherlands, based on the aforementioned criteria. Strategies include making room for the river, strengthening
embankments, and various combinations of these. The results show that the three criteria indeed lead to a different
ranking of strategies. The proportionality criterion helps to select a robust strategy that also scores well on the two
economic criteria. River systems that are robust for varying discharges are also better prepared for climate change.

DD 2.3-3 ECONOMICAL OPTIMAL WATER SAFETY IN A MULTI-LEVEL
SYSTEM: A NEW METHOD APPLIED TO THE IJSSELMEER
REGION

Peter Zwaneveld, Gerard Verweij
CPB, The Hague, The Netherlands

The goal of our research is to develop a new methodology to assess the economical optimal level of flood risk
management, given that multiple dikes determine together the safety level of the hinterland. This methodology

is applied to the lUsselmeer region. In this region, the Afsluitdijk separates the North Sea from an enclosed lake
IJsselmeer. The Houtribdijk separates lake IJsselmeer from lake Markermeer. These two barrier dams (type B flood
barriers) alleviate the hydraulic load on the dikes that do protect the hinterland directly (type A flood barriers). Our
methodology is also capable of assessing different methods for controlling water levels: discharging (the current
approach) or pumping.
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Our approach explicitly models the dependencies between the type A and type B flood barriers. Given these
dependencies, our methodology is able to determine the optimal safety levels of the type A and type B flood barriers
simultaneously. The optimization problem is stated in the form of an Integer Programming model and solved to proven
optimality by using an easy to use solution procedure.

Economical optimal safety levels for all type A en type B flood barriers are presented. The optimal safety level of the
Houtribdijk is much lower than the current legal standard. For a minority of the type A barriers, a higher safety level
seems economically appropriate.

Due to the flexibility of the methodology (called Dige-Opt), we are also able to perform ‘what-if’-analyses in close
co-operation which local stakeholders. By using the Dige-Opt model, we could assess in a cost-benefit analysis that
the water levels in the region are better managed by pumping stations. Moreover, the model was able to assess the
safety effects of several measures that aim to enlarge the fresh water supply. This resulted in the identification of a
fresh water measure that enlarges the water supply in de region by 200% at moderate costs of 25 million euro.

The Ministry of Infrastructure and Environment asked for the new methodology. Legal standards for flood protection
are being actualized by the Delta Programme of the Dutch government. The decisions to install pumping stations in
the Afsluitdijk and to enlarge the water supply in the region by about 200%, were underpinned and initiated by our
analysis. Last but not least, our methodology is easy to implement in other areas of the world where a multi-level
system determines overall water safety.

DD 2.3-4 RoBUST MANAGEMENT OF FLOOD RISK UNDER DEEP
UNCERTAINTY: AN APPLICATION TO DHAKA CITY

Carlo Giupponi, Vahid Mojtahed, Animesh Gain
Ca’ Foscari University of Venice, Venice, Italy

The socio-economic changes as well as climatic changes have been the main drivers of uncertainty in environmental
risk assessment and in particular flood. The level of future uncertainty that researchers face when dealing with
problems in a future perspective with focus on climate change is known as Deep Uncertainty, since nobody has
already experienced and undergone those changes before and our knowledge is limited to the extent that we have no
notion of probabilities, and therefore consolidated risk management approaches have limited potential.

This paper aims at incorporating a set of data mining and sampling tools to assess uncertainty of model outputs for
flood risk assessment of Dhaka city under future climatic and socio-economic changes and providing a decision
support system for robust decision making. Under deep uncertainty, analysts cannot employ statistics that are
derived from observed historical data and therefore, we turn to non-statistical measures such as scenario analysis.
We construct several plausible scenarios with each scenario being a full description of what may happen in future
and based on a meaningful synthesis of parameters’ values with control of their correlations for maintaining internal
consistencies.

In this study, flood risk assessment is carried out within a recently developed conceptual framework, KR-FWK (i.e.
KULTURIsk Framework from the name of the European project within which it originated) for integrated (physical

and economical) risk assessment and evaluation of risk prevention benefits on multiple receptors. With reference

to the widely adopted conceptual model, risk is considered as the result of combination of hazard, vulnerability and
exposure. We consider vulnerability as a result of the interactions between physical (territorial) characteristics and
the susceptibility and capacities of the socio-economic system to adapt and cope with hazard considered. After
constructing an uncertainty matrix to identify the main sources of uncertainty for flood risk of Dhaka City, we identify
several hazard and vulnerability maps based on future climatic and socio-economic scenarios. The vulnerability of
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each flood management alternative under different set of scenarios is determined and finally the robustness of each
plausible solution considered is defined based on the above assessment.

Compared to traditional assessments, the robust management approach of flood risk used in this study generates
more information about the flooding events. Consequently, the results are useful in evaluating policy alternatives and
minimizing property loss in the study area.

DD 2.4-1 FLOOD INSURANCE IN ENGLAND- ASSESSMENT OF THE
CURRENT AND PROPOSED INSURANCE SCHEMES IN CONTEXT
OF RISING FLOOD RISK

Swenja Surminski, Jillian Eldridge
Grantham Research Institute on Climate Change and the Environment,
London, United Kingdom

Flooding is the largest natural disaster risk in the UK and it is expected to rise even further as we experience a
changing climate and continue putting more people and property in harm’s way. Managing this growing flood risk
requires a broad portfolio of measures to reduce the probability of flooding, keep impact and damages to a minimum
and provide financial support for the residual risk. Agreeing on how we pay for this now and in the future is a
challenge, with competing drivers such as fairness, economic efficiency, political feasibility and public acceptance

all playing their part. One example for this is the recent debate regarding the future of flood insurance. The UK has a
unique approach to flood insurance through an agreement termed the Statement of Principles whereby insurance is
provided by the private industry, while government commits to flood risk management. However, frequent flooding
and concerns about affordability have prompted a review of the current system. After more than two years of
negotiations details of a new scheme (Flood Re) have now been published.

While rising flood losses and increasing costs of insurance are the two main reasons for reforming the existing
insurance arrangements, one important aspect has been widely neglected in the debate: how the existing
arrangement and new flood insurance proposal reflect on the need to manage rising flood risks.

We investigate this in the context of the assumption that insurance can support and trigger risk reduction behaviour if
correctly designed and implemented. We ask if and how the existing and the proposed scheme contain incentives for
risk reduction or whether they will increase moral hazard. By applying our analytical framework we find an absence of
formal incentive mechanisms in the existing, and in the newly proposed Flood Re scheme. We highlight some of the
barriers for applying insurance to risk reduction and point to some possible modifications in the Flood Re proposal
that could deliver a greater link between risk transfer and risk reduction. Our investigation offers insights into the
challenges of designing and implementing flood insurance schemes - a task that is currently being considered in a
range of countries, including several developing countries, who hope to apply flood insurance as a tool to increase
their climate resilience.
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DD 2.4-2 JAKARTA CLIMATE ADAPTATION TOOLS

Philip Ward?, Yus Budiyono?, Ekko van lerland3, Aris Marfai4,

Poerbandono Poerbandono?®, Pini Wijayanti6, Miga Julian?

11VM, VU University Amsterdam, Amsterdam, The Netherlands

2The Agency for the Assessment and Application of Technology (BPPT),
Jakarta, Indonesia

3 Environmental Economics and Natural Resources , Wageningen University,
Wageningen, The Netherlands

4 Gadjah Mada University (UGM), Yogyakarta, Indonesia

5 Faculty of Earth Sciences and Technology, Institut Teknologi Bandung (ITB),
Bandung, Indonesia

6 Bogor Agricultural University (IPB), Bogor, Indonesia

7 Friedrich Schiller University Jena, Dep. of Geoinformatics,Hydrology & Modelling,
Germany

Jakarta is one of the most susceptible cities in Asia to flooding. Since 2000, floods with damages exceeding USD

1 billion have occurred at least three times. The problem is expected to worsen in the future due to changes in

the physical environment (e.g. land subsidence, climate change, deforestation) and socioeconomic changes (e.g.
population growth, increase in assets in flood-prone areas). Hence, a large number of initiatives have been set up to
contribute to improving the city’s flood risk management. One of those is the project Jakarta Climate Adaptation Tools
(JCAT). JCAT aims to contribute to the development of tools to assess, compare, and optimise options for climate
adaptation and flood risk management. In this contribution, we synthesise the project’s main scientific and societal
results.

JCAT has developed tools for assessing flood risk, river discharge, erosion, and sediment delivery in Jakarta.

The tools have been utilised to assess the impacts of future scenarios of changes in physical and socioeconomic
conditions, and to assess costs and benefits of several adaptation options. The results show that river discharge has
increased slightly over the late 20" century, due to upstream land use changes. Sediment delivery has increased by
more than 60% between the beginning and end of the 20™ century, due to both land use and climate change. The
value of assets potentially exposed to extreme coastal floods is already high. In the absence of adaptation, this will
increase 4-fold by 2100 due to subsidence alone (without factoring in the impacts of population growth and increased
wealth). Surveys have been carried out to estimate the actual flood damages in the Pesanggrahan river area during
the 2013 flood: ca. USD 0.5 million and USD 07 million for the residential and business sectors respectively. A river
flood risk model has also been developed: under current conditions, the expected annual damage exceeds USD 300
million per year. Projections of changes in flood risk in the future are currently ongoing.

The tools are now being used to assess the potential reduction in risk, discharge, and sediment yield that could be
achieved through several adaptation options or measures. Such analyses are being carried out for stakeholders, such
as DKI Jakarta. JCAT also contributed to the discussion on the assessment of flood damage and loss at the 5™ Asian
Ministerial Conference on Disaster Risk Reduction, and to an assessment of flood risk in Eastern Asia by Munich Re.
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DD 2.4-3 MITIGATING FLOOD RISK UNDER CONDITIONS OF STRONG
GROWTH AND WEAK PLANNING: CONSTRAINTS AND
SOLUTIONS IN CAN THO CITY

Matthias Garschagen
United Nations University, Institute for Environment and Human Security,
Bonn, Germany

Research question

Which institutional constraints for successfully managing future flood risk can be observed in the Mekong Delta’s
Can Tho City, under conditions of strong urban sprawl coupled with a weak planning framework? How can these
constraints be overcome?

Methodology

Besides the consideration of published conceptual and empirical literature, the analysis draws in particular on 14
months of empirical research in Can Tho City, Vietham. Data on planning and flood risk management practices were
obtained in over 70 expert interviews and numerous focus group discussions with decision makers from within the
state bureaucracy but also international cooperation agencies and civil society organizations. Knowledge on current
flood coping measures and future adaptive capacities was gathered in semi-structured interviews with households
and small enterprises, followed by a standardized survey (n=588). Future flood exposure is assessed through a
combination of urban sprawl scenarios (generated from past growth patterns, development master plans and expert
appraisal) and future flood hazard maps considering, inter alia, expected climate change impacts (using modeling
results generated by colleagues from the GeoForschungsZentrum in Potsdam).

Research results

The findings disclose a cascade of institutional barriers hampering the effective implementation of flood risk mitigation
measures in the rapidly growing city of Can Tho. These barriers are tightly linked to legal reforms in the field of

urban planning and risk management as well as to the transforming political economy of land use certification. The
findings suggest that even if existing barriers in terms of lacking hazard awareness and technical know-how to project
scenarios for future population growth and hazard trends could be overcome, there remain significant mismatches

in terms of risk evaluation, considered time-scales and development visions between the now powerful real estate
industry, the liberalized planning agencies and the supposedly corrective state regulators. The situation is further
convoluted by the fact that the principle of checks and balances between those three groups of actors has been
undermined through weak legal institutions and cronyism following the reform and privatization process.

Societal importance for stakeholders

In response to these challenges, concrete institutional and technical recommendations for overcoming the current
deadlock in moving towards effective flood risk mitigation under conditions of strong growth and weak planning are
developed. These are relevant also for other deltas in transition countries facing similar challenges.




ORALS Deltas in Depth Theme 2:
Session DD 2.4

DD 2.4-4 EvALUATING THE EFFECTIVENESS OF FLOOD DAMAGE
MITIGATION MEASURES BY THE APPLICATION OF PROPENSITY
SCORE MATCHING

Paul Hudson', Wouter Botzen?, Heidi Kreibich2, Philip Bubeck3, Jeroen Aerts?

1VU University Amsterdam, Amsterdam, The Netherlands

2 GFZ German Research Centre for Geosciences, Section Hydrology, Potsdam,
Germany

3 Adelphi, Berlin, Germany

Research question
What are the private flood damage mitigation measures that are the most effective at reducing flood damage to
households?

Methodology

We answer this question by being the first study in the field of flood risk to apply propensity score matching.
Propensity Score Matching is an econometric evaluation technique that refines the previous estimates of various
household flood damage mitigation measure effectiveness by simultaneously controlling for many sources of bias.
Furthermore, the overall methodology was refined to be suitable for flood risk management. This study uses extensive
survey data collected in response to the 2002, 2005, and 2006 floods along the German Elbe and Danube catchment
areas.

Results

The results of this study indicate that when compared to previous studies the effectiveness of mitigation measures,
the measures that households can employ to protect themselves, are less effective than previously indicated.
Previous studies may have overestimated the effectiveness of several measures by between 1,700-14,500 euros.
However, despite the lower effectiveness estimates the measures investigated are still effective as they are estimated
to have prevented 6,700 euros to household contents damage or 14,000 euros of building damage (dependent on the
measure).

Societal relevance

The wider societal relevance for stakeholders are three fold. The first is that we provide a more accurate estimate of
the effectiveness of various household damage mitigation measures. These refined estimates allow for more accurate
cost-benefit analysis and allows for risk mangers to more accurately project expected damage from a flood. The
second is that a ranking of the various mitigation measures can be made; scarce educational/incentivizing resources
can be allocated to the most effective measures. The final relevant aspect for stakeholders is that we have developed
an evaluation methodology that can be used to evaluate various flood risk management projects. The application of
a rigorous evaluation methodology based on empirical data is a very useful complement to more risk-model based
evaluation studies.
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DD 2.4-5 THE POTENTIAL OF WIDE GREEN DIKES ALONG THE DOLLARD

Jantsje van Loon-Steensma’, Harry Schelfhout?, Erik Jolink3
1 Wageningen UR, Wageningen, The Netherlands

2 peltares, Delft, The Netherlands

3 Waterschap Hunze en Aa’s, Veendam, The Netherlands

The necessity to reinforce the dikes along the Dutch Wadden Sea coast, and the ambition to mutually strengthen
the important landscape and nature values of the Wadden region, initiated a search for innovative dike concepts.
Triggered by the wide green dikes along the adjacent German Dollard coast, water board Hunze en Aa’s is eager

to explore the suitability of this eco-engineering concept along the Dutch Dollard coast. A wide green dike has a
grass covered shallow sloped seaward face (with a slope of around 1:7) and merges into the adjacent salt marshes.
Normally, incoming waves are dampened by the foreland. Only during storm conditions waves will reach the dike.
The shallow seaward slope reduces wave attack, and therefore a cover of grass (on a thick clay cover) is sufficient
to protect the dike against erosion during extreme conditions, and no stones or asphalt revetment is required. In this
paper we analyse the spatial impact of such a Wide Green Dike along the Dollard under different climate change
scenarios and compare the costs (based on standard prices per unit) and benefits with a traditional reinforcement.
Our assessment revealed that the advantages of Wide green dikes along the Dollard are primarily formed by their
lower initial investment costs (based on standard prices per unit), the easiness to repair them, their adaptability,
and their spatial quality compared to a Traditional dike reinforcement. Both concepts are designed to withstand an
extreme storm surge with a probability of 1/4000 years. The more shallow slope of the Wide green dike will break
waves more effectively than the slope of the Traditional dike, which will result in less wave run up, and subsequently
in a lower required crest height. Moreover, the Wide Green dike fits better in the Wadden Sea landscape.

The results demonstrate the potential of a Wide green dike not only for the Dollard region, but also for similar dike
stretches with salt marsh area adjacent to the dikes and an ambition to mutually strengthen safety and landscape
and nature values. The Wide Green Dike forms a flexible and adaptable measure to improve the flood protection.
However, the extraction of clay forms a major concern. In view of sustainability and cost-efficiency, extracting clay
from a nearby location is preferred.

DD 2.5-1 sPaTIAL AND TEMPORAL PATTERNS OF RAINFALL AND
INUNDATION IN THE AMAZON, GANGES, AND MEKONG DELTAS
Zachary Tessler!, Charles Vérésmartyl, Efi Foufoula-Georgiou2, Mohammad Ebtehaj®

1 CUNY Environmental CrossRoads Initiative, New York, United States of America

2 University of Minnesota, Minneapolis, United States of America

3 Georgia Institute of Technology, Atlanta, United States of America

Research question

Hydrologic changes in river delta systems occur over a broad range of time scales, from hours (tides), to decades
(urban development), to millennia (river bank avulsion). Regular delta flooding supports sediment dispersal processes
and is important for the healthy functioning of many natural ecosystems. At the same time, flooding in populated
areas can be catastrophic to communities and infrastructure. This research investigates spatial and temporal surface
inundation response to local rainfall patterns and major precipitation events over the Amazon, Ganges-Brahmaputra,
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and Mekong deltas. Inferred inundation sensitivity maps are compared with land-cover and land-use patterns within
and across the three deltas.

Research results

Rainfall is estimated using an improved detection algorithm based on TRMM (Tropical Rainfall Measuring Mission)
data. Surface inundation is obtained from a new microwave-radar based global time-series, SSWAMPS (Satellite
Surface Water Microwave Product Series). This inundation data record is augmented by high-resolution SAR where
and when available. These complementary high spatial and temporal resolution data records improve our ability

to relate precipitation events to changes in surface hydrology and flood state. Surface water sensitivity to local
rainfall is shown to be closely related to land-cover and land-use patterns. Rainfall-inundation relationships tend

to be weaker in agricultural areas supplied with river and groundwater for irrigation, as well as indeveloped urban
areas with flood protection and drainage systems. In addition to differences in rainfall-inundation response strength,
we also find variation in timescales of water retention, suggesting spatial differences in resilience to major rainfall
events. Observed land-cover relationships can be used to improve spatially-explicit inundation risk estimates and in
evaluating future land-cover and land-use change scenarios.

Societal importance for stakeholders

An improved understanding of how delta surface hydrology responds to precipitation is important both in the short-
term for accurate flood prediction, as well as on longer-term planning horizons. This will enable local and regional
managers to best protect both human communities and natural ecosystems in the face of long-term changes to the
climate and hydrological systems.

Broader impacts

This work is part of a global project on ‘Catalyzing action towards sustainability of deltaic systems (DELTAS)’ funded
by the Belmont Forum and the forthcoming 2015 ‘Sustainable Deltas Initiative’ endorsed by ICSU. The work will
complement other contributions from the DELTAS consortium that have been submitted for the Deltas in Depth
sessions and the Deltas in Practice Workshops.

DD 2.5'2 HOW TO OBTAIN INFORMATION ON THE EFFECTIVENESS OF
POTENTIAL FLOOD RISK MANAGEMENT MEASURES IN ONLY
A FEW MINUTES?

Nathalie Asselman, Kymo Slager
Deltares, Delft, The Netherlands

Flood risk management in the Netherlands mainly focuses on flood protection through (re-)construction of levees
and dikes, or by the lowering of water levels by giving more room to rivers. However, more recently a ‘multi-layer’
flood risk approach was adopted in national policy, that not only looks at preventive measures, but also at adaptive
measures that reduce the adverse consequences of floods, by reducing the exposure or the vulnerability. Examples
of such measures are the construction of secondary dikes that divide large polders into smaller compartments, wet
proofing or dry proofing of buildings and building on mounds.

One of the problems that impede the implementation of measures that aim at a reduction of flood consequences,
is that spatial planners and project developers have little knowledge on which measures might be effective in a
particular area.
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To overcome this problem, we developed a series of geographical maps indicating the effectiveness of different
measures, given expected water depths, flow velocities, flood duration and flood frequency. The maps can be used
on a national or catchment level as well as a regional level. For each measure type, the maps indicate whether the
measure is suitable given the expected water depth, flow velocity and flood duration, and whether it is economically
efficient (will investments be earned back?). In addition, a simple assessment guideline was developed to help the
user with the ranking of the measures.

This way, the maps help spatial planners, investors and other people involved in flood risk management and/or spatial
planning, with rapidly selecting a number of potential measures that could be taken to reduce the flood risk in a
certain area, and that are economically efficient.

DD 2.5'3 HAZARD TO LOSS: MODELING OF INLAND FLOODING AND
ASSOCIATED ECONOMIC LOSSES IN THE DELAWARE RIVER
BASIN

Jeffrey Czajkowskil, Luciana Cunha?, Erwann Michel-Kerjan!, James Smith?
1 Wharton Risk Management Center, Philadelphia, United States of America
2 Princeton University, Princeton, United States of America

Research question

Inland flooding, whether from tropical cyclones (TCs) or other related extreme rainfall events, causes significant
economic losses (as well as fatalities) in the United States. Yet, little is known about the relationship between extreme
inland floods and economic losses. Difficulties on establishing this link partially arise from the fact that current flood
hazard estimation methods are based on flood data collected in a limited number of locations; therefore they fail

on spatially characterizing flood extent and magnitude. We aim to fill this knowledge gap through an integrated
physical and economic science hazard to loss assessment that allows us to produce a detailed characterization of
homeowners’ flood claims at a given inland-location and flood level magnitudes that led to those claims.

Methodology

In this study, we apply a spatially distributed and parsimonious hydrological model to simulate floods across the
entire river network. We use a normalized index called flood ratio (FR) to characterize flood magnitudes across a
large range of scales. To demonstrate our methodology, we simulate four actual extreme flood events that caused
serious damages on the Delaware River Basin. We then perform a complete hazard to loss flood risk assessment
by empirically linking and modeling the FR to registered insurance claims held by the federally-run National Flood
Insurance Program controlling for other relevant exposure and vulnerability characteristics.

Research results

We demonstrate that our simulated FR accurately captures the location and the spatial extend of floods/claims, and
can be used to estimate expected flood losses. These results highlight the technological capabilities that can lead to
a better integrated risk assessment of extreme inland floods.

Societal importance

This capacity will be of tremendous value to a number of public and private sector stakeholders dealing with flood
disaster preparedness and loss indemnification. For example, our inland flood risk assessment results could provide
guidance to federal, state and local authorities in order to better sensitize inland residents who think that storms affect
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only coastal areas. Notably, it is this type of inland risk assessment that is a priority for the National Weather Service
(NWS) as evidenced by their a U.S. Department of Commerce September 2012 service assessment of Hurricane Irene
where improvement on how the NWS “communicates the risk of inland flooding and educate[s] the public, media, and
emergency managers on that risk”was the number one overarching recommendation.

DD 2.5-4 THe BRISBANE RIVER CATCHMENT FLOOD STUDY

Ferdinand Diermansel, Joost Beckers', Don Carroll2, Rob Ayre3,
Hanneke Schuurmans*

1 Deltares, Delft, The Netherlands

2 Don Carroll Project Management, Brisbane, Australia

3 Aurecon, Brisbane, Australia

4 Royal HaskoningDHV, Amersfoort, The Netherlands

Research question

The State of Queensland, Australia, initiated a comprehensive hydrologic assessment as part of the Brisbane
River Catchment Flood Study (BRCFS) in response to the devastating floods in January 2011 and subsequent
recommendations of the Queensland Floods Commission of Inquiry. The goal of the study is to produce a set of
competing methods for estimating design floods in the Brisbane River catchment.

Methodology

One of the proposed methods is based on Monte Carlo Simulations (MCS). In this approach, a large number

of synthetic events is simulated with a hydrological model. Flood Level exceedance probabilities at key

locations are subsequently derived from the model simulation results. The method has the advantage over more
“traditional”approaches in flood risk analysis in that it explicitly considers all relevant physical processes that
contribute to flood events. A practical disadvantage is that it is generally more complex to implement.

The main challenge in the MCS approach is to generate realistic and representative synthetic flood events. This
means the synthetic events should correctly account for probabilities, mutual correlations and physical interactions of
all relevant flood generating factors in the Brisbane River catchment. This is accomplished by the use of a variety of
statistical distribution functions, correlation models, a hydrological simulation model and a reservoir simulation model.

Research results

The main output consists of proposed frequency distributions of water levels, discharges and flow volumes at

key locations in the catchment. Additionally, a large set of simulated synthetic flood events is provided. Results

show that the relevant statistical characteristics of the synthetic events are in accordance with corresponding
characteristics of observed events. This demonstrates the validity of the approach and provides confidence in the
reliability of the derived frequency distributions. A further added value of the method is that it serves as a validation of
“traditional methods”. A final advantage is that this method can be used to show impacts of climate variability and of
anthropogenic impacts in the catchment on flood frequencies.
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Societal importance for stakeholders

A hydrological assessment of flood frequencies is an essential ingredient of flood risk analysis and, subsequently,
floodplain management plans. It provides information for locations where flooding impacts are greatest and, hence,
where implementation of mitigation measures can be expected to be most cost-effective and/or can be expected to
result in an optimal risk reduction to floodplain inhabitants.

DD 2.5-5 FrLoOD DAMAGE FREQUENCY ESTIMATION FOR FLOOD
RISK ANALYSIS

Kai Schroter, Daniela Falter, Dung Nguyen Viet, Heidi Kreibich,
Sergiy Vorogushyn, Bruno Merz

GFZ German Research Centre for Geosciences, Section Hydrology,
Potsdam, Germany

Flood risk is defined as the probability of suffering damage or loss. As observations of damage are sparse, the
probability of damage can hardly be derived directly. Therefore, the traditional approach to flood risk analysis
utilizes the return period of flood peak discharge at a gauging station situated nearby as a proxy for the probability
of consequences. The probability of flood hazard is derived from the statistical analysis of the annual maximum
discharge at a given gauge. On that note, the T-years flood discharges derived from these statistics are used to
estimate inundation extent and depths, to analyze vulnerability and finally to determine risk assuming a similar
probability for peak discharges, inundation depths and consequences.

Objections concerning the validity of this procedure arise firstly from marked spatial heterogeneity of flood event
characteristics and secondly from the non-linear transformation of discharges to water levels and further to flood
damage. In this study, we scrutinize the appropriateness of the traditional proxy approach by comparing the
outcomes in terms of risk to an approach based on a direct statistical analysis and frequency estimation of flood
damage. Further, we investigate the dependency of flood risk on spatial aggregation levels (ranging from location
based to regional units) underlying the statistical analysis of flood damage.

We conduct our risk analysis with a specific focus on damage to residential buildings using the regional flood model
(RFM) (Falter et al. submitted 2013) within the Mulde River basin (A_ = 6.000 km2) in Germany. This framework enables
a continuous simulation of the entire flood risk chain including hydrological, 1d-hydrodynamic and 2d-inudation
processes as well as flood damage estimations. In our study RFM is driven by synthetic meteorological input

data produced by a multi-location weather generator (Hundecha et al., 2009). This set up provides a record of ca.
2.000 flood events affecting the study area with spatially detailed information on inundation depths and damage to
residential buildings. For this sample flood damage frequency analyses are carried out at the hydrodynamic simulation
unit (100x100 meters), at municipality level and at the regional level to determine flood risk for residential buildings.
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DD 2.6-1 DEVELOPING LONG-TERM VIEWS ON WATER-RELATED ISSUES
IN MYANMAR, THE NETHERLANDS AND VIETNAM

Cees Veerman, Nick van de Giesen, Renske Peters, Marcel Stive, Han Vrijling,
Sandra Schoof
Ministry of Foreign Affairs, The Hague, The Netherlands

A remarkable political decision was made in 2007 to ask renewed advice (after the advice of the Delta Committee
installed following the 1953 flooding) on the robustness of the Dutch coast against anticipated climate change.

The so-named 2™ Delta Committee was installed chaired by former minister Veerman. In their very first meeting

the committee concluded that a more comprehensive and more integrated view on all water issues in relation to
climate and environmental change was needed. A year later the Delta Committee Report (2008) was submitted to the
Government and nearly immediately accepted by the Government.

Inspired by this very forward political action, the Prime Minister of Vietnam asked former minister Veerman and his
committee to assist in the drafting of a similar comprehensive and integrated advice on all water-related issues in

the Mekong Delta Region. Although there exist many very similar issues such as sensitivity to flooding and droughts,
increasing salinity intrusion, water allocation issues, the intensity of these sensitivities is rather different. For instance
while the flooding probability in the upper Mekong Delta Region is 1/1 year, it is 3 to 4 orders of magnitude flood
safer in the NL. Another large difference is in the degree of economic development, which required a good analysis of
possible development scenarios. Four economic development scenarios were defined in a joint Vietnam-NL effort and
the most probable scenarios were used as a base for structural and non-structural measures, dealing with themes
like flood defense, draught reduction, salinity intrusion prevention, agricultural and aqua cultural policies, water
allocation and governance. This took place in 2012 and 2013 and the plan was submitted to the Vietnam Government
in December 2013.

Recently, the Government of Myanmar has asked the assistance of former minister Veerman and his committee in
drafting an Integrated Water Resouces Management Plan for Myanmar. This effort is presently being executed in
close collaboration with Myanmar experts. It has become clear that the three countries share similar water-related
problems, but that also differences exist. For instance, Myanmar has national control of its whole water system

with the Irrawaddy catchment area located totally in the country, which implies a much more favorable governance
situation. Also, the groundwater extraction issue that is prevalent in Vietnam is not an issue in Myanmar.

The similarities and the differences will be discussed and a focus will be on transferable concepts between the three
countries related to climate change.
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DD 2.6-3 RECONCILING DIFFERENT FLOOD RISK CONCEPTS IN BEHALF
OF ADAPTIVE FLOOD RISK MANAGEMENT PLANNING

Frans Klijn!, Heidi Kreibich2, Hans de Moel3, Edmund Penning-Rowsell4

1 Deltares, Delft, The Netherlands

2 GfZ, Potsdam, Germany

3 Amsterdam Free University, Amsterdam, The Netherlands

4 Flood Hazard Research Centre, Middlesex University, London, United Kingdom

Deltas are so vulnerable to sea level rise and climate change that they cannot afford to wait what mitigation may
bring. The Netherlands therefore puts huge efforts in adaptation research and planning for the future, for example
through a national research programme Knowledge for Climate and a Delta Programme for the 21st century. In both
programmes flood risk has been defined as one of the key issues to address.

The Delta Programme involves a policy analysis which encompasses a future outlook, establishing whether a policy
transition is required, an assessment of alternative flood risk management strategies, and their planning in anticipation
without running the risk of regret of doing too little too late or too much too early. This endeavour, addressed as
adaptive delta management, calls for new approaches. For flood risk management it may entail reconsideration of

the underlying principles and of the application of portfolios of technical measures versus spatial planning and other
policy instruments to achieve’ multiple flood security’.

To support this policy analysis and strategic planning procedure, our KfC-Theme 1 research consortium 1) developed
a conceptualisation of flood risk which reconciles the different approaches of flood defence management practice and
spatial planning in order to bridge the gap between these previously detached fields, 2) investigated the effectiveness
and attractiveness of a wide variety of possible measures related to the key elements of this conceptualisation, and 3)
looked abroad in order to be better able to reflect critically on a possible Dutch bias which could have resulted from
many centuries of experience of successful adaptation to flood risk, but which may be no longer sustainable into the
future.

In our presentation we explain the multiple conceptualisation of flood risk, and we show how this may influence

the framing of the adaptation challenge, how it influences which investigations are being given priority, and how it
influences the outcome of the policy analysis in terms of preferred flood risk management strategy. We also show how
neighbouring countries achieve at other solutions by their different framing of the future flood risk challenge, and draw
lessons for the Netherlands’ flood risk management practice.

DD 2.6-4 rrom POLICY CONCEPTS TO DELIVERY OF INTEGRATED
FLOOD RISK MANAGEMENT

Sebastiaan Van Herk!, Jeroen Rijke2, Chris Zevenbergen?2
1 Bax & Willems, Barcelona, Spain
2 UNESCO-IHE, Delft, The Netherlands

Worldwide many nations are adopting new policy concepts related to integrated flood risk management (IFRM).
Resilience, multi layered safety, adaptive delta management, mainstreaming adaptation, to name a few. Policy
makers and scientists explore and improve these. However, the implementation of these policies receives much
less of their attention. The ‘implementation-gap’ compromises the planning process, budgeting, and the delivery,
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operation and maintenance of measures. The lessons from implementation processes should have feedback loops
towards the development of new IFRM policy programmes. This is not self-evident, yet particularly relevant for
adaptive approaches. The research questions addressed in this paper are what lessons from implementation can be
transferred and applied in IFRM policy making and how can this be done effectively. The lessons relate to the system
analysis, planning process and governance needed for IFRM.

This paper presents a detailed analysis of the implementation process of the 2.3 billion Euro Dutch flood safety
programme Room for the River (RftR). The 2 years of research into RftR comprised 55 interviews, a survey of

155 respondents and elaborate document analysis. Subsequently, the research analysed the transfer, uptake and
application of lessons learnt to the successor Delta Programme. The researchers have been actively involved (action
research) in 2 policy pilot projects in the context of the Delta Programme. The Delta Programme investigates how
the Netherlands can adapt to the effects of climate change. The first case study is Dordrecht where the new multi-
layer-safety (MLS) approach has been applied. MLS comprises three flood safety layers to reduce flood risk: flood
protection, spatial planning, and emergency response. The second case study is climate adaptation mainstreaming
in the urban regeneration of Wielwijk in Dordrecht. The results highlight 5 generic lessons to deliver IFRM: Start with a
clear integrated vision on flood risk management, consider multiple and diverse interests, fit-for-purpose governance
arrangements, structured planning process with funnelled design freedom, adaptive management and learning.
Points of improvement are: operation and maintenance, innovation and private involvement, administrative pressure.
Knowledge transfer between programmes can be improved by explicit management of monitoring and dissemination
of lessons learnt. Various governance arrangements have been identified for this.

The frequency and consequences of flood events are changing and so are our responses through emerging IFRM
and adaptation policies. For these new policy responses to be effective, their implementation processes must be
considered in an early stage. This research substantiates recommendations to do just that.

DD 2.6'5 IMPROVING FLOOD RISK GOVERNANCE: EXPLORING THE
OPPORTUNITIES AND BARRIERS IN SIX EUROPEAN
COUNTRIES

Dries Hegger!, Peter Driessen!, Marloes Bakker!, Zbigniew Kundzewicz?

1 Utrecht University, Utrecht, The Netherlands

2 Institute for Agricultural and Forest Environment, Polish Adademy of Sciences,
Poznan, Poland

Research question

The implementation of a multi-layer approach to Flood Risk Management requires innovative Flood Risk Governance
Arrangements (FRGAs). These should address several societal domains, including water management, spatial
planning and disaster management. However, insights into the question how national flood policies and regulations
systems enable or constrain certain FRGAs are still limited and fragmented. This paper therefore aims to contribute
to insights in the possibilities of innovative FRGAs by addressing the following question: “what are relevant
similarities and differences between national flood policies and regulations systems of The Netherlands, Belgium,
Sweden, Poland, France and The Netherlands for understanding the possibilities to establish FRGAs that enable the
implementation of a multi-layered approach to Flood Risk Management?”
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Methodology

In the framework of the EU FP7 project STAR-FLOOD, policy analysts and legal scholars in the aforementioned

six countries have made a study at the country level based on desk research and a limited number of qualitative
semi-structured interviews with key actors. The authors of this abstract have translated the findings in a preliminary
overview of relevant similarities and differences between the countries.

Research results

The findings have shown large differences between the countries in terms of the competent authorities for
implementing FRM strategies, the financing arrangements that are in place, the degree and ways in which integration
between water management and spatial planning is taking place, the extent to and ways in which stakeholder
involvement takes place, the substantive and procedural norms and goals that are in place and the way in which
discourses on flood management have evolved in each country. Besides that, the countries also vary in terms of their
actual flood experience as well as their track record in implementing certain FRM strategies. Notwithstanding the
differences, some similarities between The Netherlands, France, the UK and Belgium have been identified, making
them different from both Poland and Sweden.

Societal importance for stakeholders

The findings reconfirm that one-size-fits-all solutions for improving flood risk governance do not exist. Nevertheless,
this exploration of similarities and differences does provide an overview of the scope for action of various actors. The
findings will enable policymakers and practitioners to critically reflect on their own flood risk governance practices
and provide them with ideas for improving them.

DD 2.6-6 wmisi-ziBI: LIVING WITH THE GREAT RIVERS, CLIMATE
ADAPTATION STRATEGIES IN THE MIDWEST RIVER BASINS

Derek Hoeferlin1, John Hoall, Dale Morris2

1 Washington University in St. Louis, St. Louis, United States of America

2 Royal Netherlands Embassy, Washington D.C., Washington D.C., United States of
America

Climate Change is NOT just coastal. The 2011 Mississippi/Missouri floods throughout the Midwest, USA followed by
the 2012 drought and the 2013 floods, demonstrate that increased climate variability across cannot be ignored over
the long-term. Extreme weather has a direct, and often negative, impact on the river’s functioning and adjacent land-
uses, and thus also the Mid-West’s ecology, economies and communities. Increased climate variability may mean
more frequent extreme weather throughout the Mid-West. More floods and droughts demand that stakeholders along
the Mississippi and Missouri River system adapt at-risk communities, ecologies and economies to this uncertain
future. The research question is one of design: to create and promote sustainable, healthy river systems that enrich
local communities, drive local economies, and provide key ecological services up and down the river system. MISI-
ZIIBI was the first in a series of multi-disciplinary workshops that investigated spatial design strategies through the
studying of innovative, integrated approaches for climate adaptation and sustainability along the Mississippi and
Missouri rivers in the Midwest. Initially focusing on the St. Louis region, the first workshop outcomes and research
results were a broad-based set of proto-typological, multi-scaled planning scenarios worthy of more detailed study
and intended to be transferable to other Midwest regions. The March, 2013 workshop approach brought together
multiple disciplines of Dutch and American participants in an interactive design-based setting. The participants
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sought input from local stakeholders and communities to ground the work in the specific realities and existing
initiatives already at hand. The workshop intends to foster a new dialogue about both policy and design along the
Mississippi and Missouri Rivers in the Midwest in relation to climate change and weather extremes, as well as the
changing functioning of the river economically and ecologically and what this means for the adjacent communities.
The workshop products were a series of scenario-based and scalable design strategies that investigated possible
prototypes for integrated and sustainable models for land-use planning, flood-risk-protection, community and
economic resilience, drought tolerance, ecological benefits and sustainable design developments along Midwest
metropolitan river regions. MISI-ZIIBI asked groups to work at the St. Louis regional scale, in addition to various
fluvial zones that included agricultural, suburban and urban typologies. The intent was these areas of study reflected
overall conditions transferable to other Midwest city-regions. <b>The graphic-based outputs of MISI-ZIIBI will aid
the community, stakeholders and government officials as they develop ways to respond to the MISI-ZIIBI’s climate
challenges.
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DD 3.1-1  MODELLING IMPACTS OF CLIMATE CHANGE AND SOCIETAL
CHANGE ON FLOWS AND NUTRIENTS IN THE GBM DELTA
OF BANGLADESH

Paul Whitehead!, Emily dr Barbour!, Sananda Sarkar2, Rajiv Sinha?
1 University of Oxford, Oxford, United Kingdom
2IT Kanpur, Kanpur, India

Research question
How will future climate change impact flows and nutrient fluxes into the Ganges Brahmaputra Meghna (GBM) Delta
and how will these be modified by future socio-economic changes in the upstream catchments.

Research results

A semi-distributed flow and water quality model (INCA- Integrated Catchments Model) has been set up for the whole
of the GBM River systems. These massive rivers transport large fluxes of water and nutrients into the Bay of Bengal
via the GBM Delta system in Bangladesh. Future climate change will impact these fluxes with changing rainfall,
temperature, evapotranspiration and soil moisture deficits being altered in the catchment systems. At the same time
other environmental and socio economic adaptation will alter fluxes due to range of factors. These include increased
population levels, changing land use, new agricultural developments and new standards for effluent discharges and
associated water quality. In addition, a number of proposed dams and water transfer have potential to significantly
impact upon flows entering the Delta.

In this study the INCA model has been used to assess potential impacts of climate change using the UK Met Office
GCM model linked to a regionally coupled model of South East Asia, covering India, Tibet and Bangladesh. Results
indicate a slight shift in the monsoon season with increased wet season flows and increased temperatures which
alter nutrient fluxes. Socio-economic changes such as additional urban, industrial and agricultural water demands,
along with changes in water infrastructure such as dams, have the potential to impact on water availability within
the Bangladesh GBM Delta region. However, water quality could be improved as the general clean-up of effluent
discharges are introduced as part of the National Ganga River Master Plan.

Societal importance to stakeholders

The GBM Delta supports one of the most densely populated regions of people living in poverty, who rely on
ecosystem services provided by the Delta for survival. These ecosystem services are dependent upon fluxes of water
and nutrients. Freshwater for urban, agriculture, and aquaculture requirements are essential to livelihoods. Nutrient
loads stimulate estuarine ecosystems, supporting fishing stocks, which contribute significantly the economy of
Bangladesh. Thus the societal importance of upstream alterations together with the local impacts of climate change
in Bangladesh are very significant to many stakeholders in Bangladesh at the local, regional and national levels.
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DD 3.1-2  sALINITY INTRUSION AND WATER AVAILABILITY UNDER
CHANGING CLIMATE IN THE COASTAL GANGES DELTA IN
BANGLADESH

Zahirul Haque Khan, Dr. M. Monowar Hossain
Institute of Water Modelling, Dhaka, Bangladesh

The coastal area of the Ganges Delta in Bangladesh is characterized by a network of tidal rivers, seasonal variation

of freshwater water flow as well as salinity variation both in time and space and rich coastal ecosystem. The present
temporal and spatial variation of salinity is likely to deteriorate further as a consequence of sea level rise in the
changing climate. The salinity levels in this area exhibit a distinct seasonal variation. Average salinity concentrations in
the coastal zone are higher in the dry season than in the monsoon due to lack of freshwater flow from the upstream.
A research was carried out to assess the effects of climate change and trans-boundary flow as external drivers of
change on salinity intrusion and water availability in the Ganges coastal zone of Bangladesh.

The results show that sea level is very likely to cause considerable changes in river salinity in the coastal area of
Ganges Delta in 2050. These changes are likely to impact severely on some areas such as decrease the potable water
(0-1ppt) and irrigation water area (0-2ppt). Simulation results show that about 14% potable water area decreases
with increase of sea level rise and decrease of upstream freshwater flow. The area currently suitable for irrigation is
decreased by 9% in A1B scenario. This decrease in the availability of freshwater is very likely affect the freshwater
fish habitat and drinking water supply in the coastal urban cities. The fisherman and agriculture farmers are going to
be affected more. Constructing a barrage over Ganges river for storing and diverting water flow during lean periods
is expected to improve water availability in the South West Gangetic Delta in Bangladesh. The salinity zoning maps
prepared on the basis of the research further indicate that the temporal and spatial changes of salinity level and
water availability in the changing climate scenario are instrumental for devising adaptation measures. The study
further revealed that introduction of salt tolerant variety of rice which can grow in saline water is an prospective and
alternative option.

Keywords
Salinity intrusion, coastal area of Bangladesh, water flow, simulation, sea level rise, fish habitat, irrigation, agriculture,
aquaculture and salinity.

DD 3.1-3  CENTRALIZED AND DE-CENTRALIZED WASTEWATER REUSE
IN MAPUTO, MOZAMBIQUE

André Marques Arsénio, L.C. Rietveld, J. B. van Lier
TU Delft, Delft, The Netherlands

Maputo, like other Deltas cities in developing countries suffers from i) freshwater shortage, ii) improper sanitation, iii)
limited access to safe drinking water and iv) reuse of untreated wastewater (e.g. for irrigation). Furthermore, despite
the good work done in the country regarding water supply and sanitation since the independency from the colonial
power in 1975, more than 50 % of the Mozambican population still lacks access to an improved water source (WHO,
2013). With the country also lagging behind on the access to basic sanitation (UNECA, 2013). Therefore, a project
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has been started by TU Delft, UNESCO-IHE, the Mozambican University Eduardo Mondlane and other Dutch and
Mozambican parties, to study the potential for centralized and de-centralized wastewater reuse systems in the city

of Maputo. The project focusses on both social and technical aspects and its main objective is developing integrated
social and technological knowledge, technologies and tools that enable the local water sector to include water reuse
in overall planning and design of the urban water system. The practical work started in April 2014 in Maputo and in
this work the first results of the technical feasibility of water reuse in the city of Maputo are presented. The centralized
system is mainly located at the existing wastewater treatment plant. The operation of the plant was characterized and
based on this, potential improvements for operation and re-use were proposed. For the de-centralized re-use, pilots
area(s) in the peri-urban areas of the city were selected. This selection was made based on the following criteria: i)
availability of wastewater, ii) existence of a sewer network, iii) physical and chemical characteristics of the wastewater,
iv) presence of potential customers. For both the centralized and de-centralized systems, an economic analysis will
be presented, this will include a discussion on the optimal abstraction and treatment methods and locations, and the
best distribution method for the treated water . The added value of this work is twofold. First, it will allow alleviating
the pressure on the already strained water sources (mostly rivers) that provide drinking water to the city. Second, the
systems will produce “water-fit-for-use”, which means being projected to treat wastewater to meet the needs of a
specific use, for example irrigation. In this way, the health risk untreated wastewater reuse is diminished. References
UNECA. (2013). Assessing progress in Africa towards the Millenium Development Goals. WHO. (2013). Progress on
sanitation and drinking water.

DD 3.1-4  ASSESSMENT OF EVAPORATIVE WATER LOSS FROM
DUTCH CITIES

Cor Jacobs!, Jan Elbers!, Reinder Brolsma2, Oscar Hartogensis3, Eddy Moors1,
Bert van Hove'
1 Wageningen UR Alterra, Wageningen, The Netherlands
2 peltares, Delft, The Netherlands
3 Wageningen University, Meteorology and Air Quality Group, Wageningen,
The Netherlands
4 Wageningen University, Earth System Science Group, Wageningen,
The Netherlands

Societal importance

Reliable estimates of evaporative water loss are needed in support of assessment of the urban water budget and
division of sweet water resources among various needs, including water supply to citizens, evaporative cooling of
cities and survival of urban vegetation. In the Western part of the Netherlands, water extraction by evaporation may
accelerate degradation of the wooden foundations of many buildings. Maintaining liveability in cities under climate
change by adaptation measures relying on evaporative cooling while at the same time saving water and preventing
adverse effects of water extraction is extremely challenging. Assessment of urban evaporation at various scales may
help to achieve this goal.

Research questions

Relatively little quantitative information is available on the role of urban evaporation in the urban water budget,
because it is extremely difficult to reliably estimate this quantity in practice at the required timescale (about one
day). Data from specialized observations are sparse. Therefore, our research questions are: 1) How much of the
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precipitation received at the city scale is lost as evaporation? 2) Can urban evaporation be reliably estimated by
utilizing routinely available meteorological observations?

Methods

Evaporative water loss from Arnhem and Rotterdam in the Netherlands is assessed using data obtained from three
measurement techniques: scintillometry, eddy covariance, and sapflow observations. The short timescale of these
measurements allow assessments from daily to seasonal and annual periods, while also allowing evaluation of
biophysical principles underlying various estimation methods.

Results

We found the evaporation to be between 20% and 60% of the precipitation in the summers of 2012 and 2013. In
particular in Arnhem, the response of evaporation to precipitation events appeared to be strong. This is presumably
caused by the specific characteristics of the built environment in Arnhem, which may have a strong impact on the
interception reservoir. The impact of trees on urban water consumption is estimated to be small at the city scale.
However it may be quite strong locally, as suggested by a measured water uptake of up to 170 litres per tree and per
day. We show that estimation of urban evaporation from routine weather data is a particularly challenging task owing
to the complexity and heterogeneity of urban environments. However, we demonstrate how our observations can

be used to evaluate and improve methods based on such data, ultimately leading to reasonable urban evaporation
estimates in the absence of specialized observations.

DD 3.1 -5 POPULATION VULNERABILITY TO SEASONAL FRESHWATER
FLUXES AND DIARRHEAL DISEASES IN BENGAL DELTA

Ali Shafqat Akandal, Antarpreet Jutla?
1 University of Rhode Island, Kingston, United States of America
2 West Virginia University, Morgantown, WV, United States of America

Research question

Freshwater management, both quantity and quality, has become increasingly complex due to increased urbanization
and changing climate patterns in populated delta regions. Frequent occurrence of droughts and floods and
accompanying institutional and policy failures in freshwater management and services directly impact access to water
and sanitation at local scales, and public health burden over large geographic areas. The highly populated floodplains
of the Bengal Delta region in South Asia have a long history of endemic and epidemic water-related diarrheal
diseases. Previous studies have not addressed the dynamics of population vulnerability due to the influence of spatio-
temporal changes in regional freshwater fluxes. Here, we analyze spatial and temporal variability of cholera incidence
across six surveillance sites in the delta region and their association with regional hydroclimatic and environmental
drivers. More specifically, we employ salinity and flood inundation modeling across vulnerable coastal and inland
districts of Bangladesh to test earlier proposed hypotheses on the role of large-scale hydroclimatic and environmental
drivers for the estimation of population vulnerability across the delta.

Research Results

The results of our analyses show that large areas of the highly populated floodplains in this region are at high risk
of endemic and epidemic cholera in both dry (spring) and wet (fall) seasons due to large spatial coverage of salinity
intrusion and flood inundation, respectively. Population centers along the floodplain corridors of the lower Ganges-
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Brahmaputra-Meghna river system remain vulnerable to seasonal and interannual variability of cholera transmission
mechanisms with respect to underlying hydroclimatic drivers during spring and fall. Our results show strong influence
of seasonal and interannual variability in estuarine salinity on spring outbreaks and the impact of inland delta flooding
on fall outbreaks.

Societal Importance for Stakeholders

A large segment of the population on Bengal Delta floodplains remains vulnerable to the biannual cholera
transmission mechanisms due to seasonal changes in the freshwater environment over large geographic regions.

A striking similarity across different geographic locations over a ten-year period of time suggests that large-scale
seasonal hydroclimatic processes over a large extent of the Bengal Delta region modulate cholera incidence making
it possible to predict the timing and magnitude of diarrheal outbreaks. Such low-cost and high-end modeling
approaches can serve as the basis for freshwater management approaches where crowd-sourced disease
occurrence and local environmental data can be merged with such a system for disease early warning systems and
training of adaptation personnel across rural regions.

DD 3.2-1 WwATER QUALITY OF FAYOUM SURFACE WATER,
FAYOUM PROVINCE, EGYPT

Mahmoud Abdel Wahed?, Essam Mohamed2, Mohamed El-Sayed?,

Mika Sillanpaal

1 Lappeenranta University of Technology, Laboratory of Green Chemistry, Mikkeli,
Finland

2 Beni-Suef University, Faculty of Science, Geology Department, Beni-Suef, Egypt

Egypt is classified as water scarce and the climate change increases the stress on the waters resources throughout
Egypt due to the limited supplies and growing population and increased competition on water from the upper Nile
basin countries. Climate change induced sea level rise also poses a large risk for Egypt since the Nile delta is highly
populated with agriculturally important. Coastal communities in Egypt will face inundation of low lands and salt water
intrusion and contamination of ground water resources, exacerbating soil salinity and affecting food security. This will
oblige a significant proportion of population to abandon their land and homes. Consequently, an increasing in land
reclamation is needed which increases the stresses on water demand in Egypt.

So, water resources management is an obligatory task in Egypt. One of the water resources management tools is
the water quality assessment. Poor water quality has a direct impact on water quantity in a number of ways. Polluted
water that cannot be used for drinking, bathing, industry or agriculture effectively reduces the amount of useable
water within a given area. From this point of view, we selected one of Egyptian regions called Fayoum Province to
study and assess its surface water quality. Total 43 water samples from irrigation canals, drains and Lake Qarun
were collected from Fayoum Province to evaluate their quality for drinking and irrigations purposes. Heavy metals
content, dissolved oxygen, electrical conductivity and microbiological analyses were studied. The results showed
that the surface water in Fayoum Province suffers from high microbiological contaminations. Most waters cannot

be directly used for drinking or agricultural purposes. The high levels of fecal coliform and F.streptococcu indicates

a direct human impact on the water quality. The levels of metals content of all waters were relatively low except
some elements such as Al. All drainage waters and some irrigation waters have high salinities and cannot be used
for irrigation of agricultural fields except after mixing with fresh water. All drainage waters and agricultural returns

are conveyed to Lake Qarun (alkaline saline lake). The lake has relatively low heavy metals content as compared to
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other waters due to adsorption of heavy metals by the lake bottom sediments. We recommended the necessary of
application of environmental protection laws that deal with water quality and pollution control in addition to public
awareness rising.

DD 3.2-2 WATER - AIR BUBBLE SCREENS REDUCE SALT INTRUSION
THROUGH SHIP LOCKS

Rob Uittenbogaard!, John Cornelissel, Ken O’Hara?
1 Deltares, Delft, The Netherlands
2 Flowthrough, Liverpool, United Kingdom

Research question

The increasing population and ship/cargo traffic in delta areas as well as the growing demand for more and longer
storage of fresh water at lower river discharge invited the following research question toward minimal salt transport
through ship locks.

A Dutch tradition is the application of air-bubble screens for reducing salt intrusion through ship locks (Abraham &
Van den Burgh, 1962). We define the ratio between the hindered and unhindered salt intrusion (i.e. lock-exchange
flow) as Salt-Leak Ratio (SLR). The original air-bubble screens were initiated by releasing compressed air through
perforated pipes across the lock floor yielding an SLR of about 50%.

We investigated a new design of bubble screens in ship locks by using an innovation in air-flux regulation
(Flowthrough Inc.) in an optimal spatial arrangement of air diffusors. Our final novel addition is a fresh-water screen
located on the sea side adjacent and parallel to the bubble screen. The upward vertical flow and thus momentum
of the water screen protects the tow of the bubble screen against through flow; the water screen mixes fresh-water
rather than sea water into the bubble screen. The research question thus reads is the SLR of this unique water-air
bubble screen well below the SLR of traditional bubble screen?

Methodology

Rijkswaterstaat offered Deltares the usage of an operational ship lock (145m length, 14m width, 5m depth), called the
Stevinsluis (Den Oever, North-Holland, Netherlands). In this lock our novel water-air bubble screen was added to the
original bubble screen, based on perforated tubes. With and without these screens we observed the salt transport by
monitoring the reduction in salt mass inside the lock before and after closure of the lock door to the fresh-water side.
To that purpose 5 vertical row with 5 conductivity-temperature-depth (CTD) meters were installed along the lock wall
and two buoys each with 5 CTD’s monitored the salt stratification near but outside the lock doors.

Research results

Based on observations in the well-instrumented and operational ship lock we present evidence that this combined
water-air bubble screen yields the lowest SLR of 0-15% ever recorded compared to the 25% SLR of the optimized
bubble screen being half of the 50% SLR of the traditional bubble screen.

Societal importance for stakeholders
The elevated salt intrusion by increased sea water - fresh water cargo transport can be mitigated by the application of
water-air bubble screen in ship locks.
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DD 3.2-3 AR BUBBLES AGAINST SALT INTRUSION, PROMISES AND
MISCONCEPTIONS

Yann Friocourt, Rob Uittenbogaard, Otto Weiler
Deltares, Delft, The Netherlands

Research question

The current freshwater supply in the coastal areas of the Netherlands is quite sensitive to intrusion of salt water from
the sea. This situation is a direct consequence of the geography and economics of the Netherlands, a low-lying
deltaic area crisscrossed with an extremely dense network of waterways intensively used for shipping. Salt water
enters freshwater reservoirs via open waterways or via the numerous shipping locks the country boasts. As a result
of this quasi-unique situation, Dutch engineers have developed measures to limit salt intrusion, among which air
injection has been standing for the best part of 50 years. Now that air injection seems to experience a revival, we
believe it is time to demystify how it works and how it should be considered.

Methodology

Deltares and its predecessors have held a central role in research over air injection as a measure against salt intrusion
for decades. This research has be carried out through a large number of laboratory experiments in scale models or
experimental tanks, but also in real shipping locks temporarily turned into full-scale testing facilities. With the advent
of computational fluid dynamics, numerical simulations have also offered interesting insights in the precise working of
air injection to limit salt intrusion.

Research results

Several usages for air injections can be differentiated: as a barrier against salt and fresh water in shipping locks,

as a mixer in estuaries, or as a water transporter in a waterway. Thanks to technical improvements and to possible
combinations with water barriers, the concept of pneumatic barriers in shipping locks has been greatly improved
compared to its basic original design, making it more efficient, more effective, and less prone to ageing. Air bubbles
prove very effective vertical transporters of water so that the effectiveness of the system ranks higher than many other
possible measures against salt intrusion. However, certain aspects such as the energy requirements should be kept in
mind when considering implementing air injection in practice.

Societal importance for stakeholders

This particular case exemplifies how technical and scientific advances may greatly improve the effectiveness of
measures designed decades ago. It is also a specific example of a measure whose mechanisms may not be fully
understood by the general public, so that a societal debate may become skewed because of misconceptions. The
role of a scientific institute in reestablishing scientific facts then becomes crucial.
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DD 3.2-4 upPSCALING DETAILED PROCESS STUDY TO REGIONAL
EFFECTIVENESS ON WATER SUPPLY:
BUBBLE PLUMES IN THE ROTTERDAM WATERWAY

Joachim Hunink, Yann dr. Friocourt
Deltares, Utrecht, The Netherlands

Research question

Between 2011 and 2014, Deltares has been investigating whether bubble plumes could effectively be used to limit
salt intrusion in the Rhine-Meuse estuary during times of low river discharge, and thereby improve the regional water
supply. This concept was initially derived from air curtains used in some Dutch navigation locks. The research was
carried out along two axes, funded respectively by Rijkswaterstaat together with the Dutch Ministry of Infrastructure
and the Environment and Port of Rotterdam, and within the Dutch Delta Programme by sub-program Freshwater

supply.

Methodology

First, the working mechanisms of bubble plumes were investigated with a combination of laboratory experiments and
numerical simulations. A bubble plume was towed repeatedly along the bottom of a 30-meter long tank filled with
fresh and salt water in order to reproduce a salt stratification. The mixing created by the bubble plume was accurately
measured, and the structure of the plume was extensively filmed and photographed. The observed behavior was
then further extended in numerical models in order to mimic that of several plumes and quantify their effects. Then a
one dimensional model in combination with the Netherlands Hydrological Instrument (NHI) was used to compute the
effectiveness of two bubble plume variants on the regional water demand and supply.

Research results

The laboratory experiments evidence that bubble plumes consistently result in vertical mixing, which in turns reduces
the baroclinic transport and the salt intrusion. The long-term simulations indicate that the small variant of bubble
plumes would slightly improve the salt intrusion situation. A larger variant would offer a substantial improvement in the
northern part of the estuary. However, the improvement on the southern part would be limited, because salt intrusion
there mostly results from surge conditions during which bubble plumes are less effective. In general however, the
effectiveness for the regional fresh water supply is smaller than that of other, more structural measures.

Societal importance for stakeholders

Within de Delta programme different measures are investigated for safeguarding the fresh water supply. The bubble
plume is an important measure which can contribute the fresh water supply in Delta areas. This study shows the
importance of upscaling the detailed study of the bubble plumes to and systematic long-term policy-analyses for the
fresh water supply to provide insight in the effectiveness at a regional scale. These results can help in de decision
making for politics.
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DD 3.2-5 AsSSESSMENT OF WATER QUALITY CHANGES IN RAS JBEL
AND GUENNICHE AQUIFERS OF TUNISIA DUE TO ARTIFICIAL
RECHARGE

Jamila Hammami Abidi', Abdallah Ben Mammou?, Maarten Waterloo?

1 Faculty of Sciences of Tunis, University of Tunis El Manar, 1092,, Tunis, Tunisia

2 Faculty of Earth and Life Sciences of Amsterdam, De Boelelaan 1085, 1081 HV,
Amsterdam, The Netherlands

In the aquifer of Metline-Ras Jbel-Raf Raf and the aquifer of Guenniche (North Eastern Tunisia), groundwater plays
an important role for social and economical development. Water in both aquifers is the sole drinking and irrigation
source for local residents. However, with the rapid increase in population, the extraction of groundwater is reaching
its maximum capacity. This intensive exploitation has considerably lowered the water table in and around the water
catchments. Groundwater salinization and degradation is usually observed through sampling of pumping wells. One
supply augmentation practice, that is already being applied in north-eastern Tunisia, is artificial groundwater recharge
using freshwater from SECADENORD. The purpose was to artificially replenish the overexploited aquifers, and
thereby partially restore the water table levels while maintaining production capacity. The impact of artificial recharge
on the quality and the quantity of both aquifers water then becomes a more pressing concern. Field measurements
of piezometric levels and physicochemical parameters, along with hydrochemistry analysis of groundwater were
carried out in both Ras Jbel and Guenniche aquifers during four campaigns before and after artificial recharge.
Results of field and laboratory analyses showed variations of chemical compositions across the study areas. A drop
in piezometric level is be remedied by artificial recharge of groundwater. Artificial recharge decreases also the high
degrees of salinities in both aquifers.

DD 3.3-1 SALINE SEEPAGE IN DELTAIC AREAS: FROM PROBLEM
TO SOLUTION

Perry De Louw
Deltares, Utrecht, The Netherlands

Problem definition and research question

In many coastal areas, groundwater is brackish to saline which may pose problems for the sustainable exploitation
of fresh groundwater. In low-lying coastal areas, saline groundwater may reach the surface by upward groundwater
flow. This process is referred to as ‘saline seepage’ and was the main subject of my finished PhD-research in the
Dutch delta. Saline seepage leads to the salinization of surface waters, shallow groundwater and soil water in the
root zone. Climate change and sea level rise are expected to increase saline seepage and reduce the availability of
both fresh surface water and groundwater. Predicting effects of future changes, defining effective water management
strategies for a climate proof sustainable freshwater supply and successful implementation of any measure is only
meaningful when the salinization processes are fully understood. The main objective of my research was to address
the knowledge gap that exists of the understanding and quantification of the dynamic processes involving saline
seepage leading to the salinization of surface water, shallow groundwater and soil moisture.
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Methodology

The spatial varying and dynamic saline seepage processes were analysed and quantified based on field campaigns
supported by numerical and analytical methods. The field campaigns involved field techniques applied at scales
varying from local point scale to measurements at polder catchment and island scale using helicopter-borne
electromagnetic measurements. Time varying field data was collected with an hourly to monthly frequency at
agricultural fields and polder catchment outlets to monitor the dynamic salinization processes.

Research results

Two processes were identified as most important contributors to the salinization of the Dutch delta, (1) the preferential
saline seepage through boils leading to surface water salinization, and (Il) the interaction between thin rainwater
lenses and saline seepage leading to the salinization of shallow groundwater and the root zone. Based on the results,
the vulnerability of the Dutch delta regarding these processes to climate change was assessed. The most important
results of the research will be presented in view of solutions for a climate proof sustainable freshwater supply.

Societal importance for stakeholders

The research was carried out in collaboration with farmers who were limited in their freshwater supply by saline
seepage. By analysing and quantifying the salinization processes we were able to define promising solutions to
increase the freshwater availability from which a few already have been tested in the field. These solutions will be
presented.

DD 3.3-2 GROUNDWATER IMPACT ON ENVIRONMENTAL FLOW NEEDS
OF STREAMS IN SANDY CATCHMENTS

Dimmie Hendriks, Marijn Kuijper, Remco Van Ek
Deltares, Utrecht, The Netherlands

During recent years, water boards and water users in the Netherlands experienced water scarcity in streams and
rivers. Although often underexposed, an important cause for this water scarcity is the deteriorated groundwater
conditions resulting in reduced base flow. The deterioration of the groundwater conditions and base flow is probably
caused largely by anthropogenic alterations of the water system, such as drainage, alteration of stream morphology,
deep groundwater abstractions and shallow groundwater abstraction for spray irrigation. These catchment wide
alterations threaten the magnitude and natural variability in stream discharge (environmental flow needs, EFN) of
streams and hamper current restoration efforts on stream morphology. Additionally, groundwater recharge will
probably decrease due to climate change causing even more base flow reduction in the future.

In our study we estimated the magnitude of the impact of anthropogenic alterations and future climate change on
groundwater conditions and base flow in sandy catchments in The Netherlands. Additionally, we investigated if
base flow in these catchments is sufficient under current and future conditions. For these purposes we introduced a
methodology to assess the impacts of groundwater-related alterations and climate change effects on base flow and
EFN using spatially distributed geohydrological models and scenario analyses.

Application of this methodology for two sandy catchments in the Netherlands, including the use of detailed
distributed groundwater-surface water models, showed that base flow in main streams meets EFN requirements.
However, cooperation with water managers pointed out that the minimum EFN threshold for base flow, the Dutch
implementation of the WFD, is seriously questioned. Water managers found that under current circumstances, base
flow in the main streams of the studied areas is too low for the assigned ecological and agricultural functions. In
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addition, climate change potentially causes 33-70% additional base flow reduction in 2050, according to our model
results.

Scenario analyses showed that anthropogenic alterations have had a significant impact: drainage caused 25-40%
base flow reduction, deep groundwater abstraction caused 5-17% base flow reduction, and shallow groundwater
abstraction for spray irrigation caused 10-28% base flow reduction. The overall conclusion of our study was

that to effectively restore base flow conditions, both improvement of stream morphology as well as reduction of
anthropogenic groundwater-related impacts on the catchment scale are required.

DD 3.3-3 VULNERABILITY OF GROUNDWATER TO SALINIZATION AND
THE CASE OF THE BENGAL DELTA

Holly Michaell, Lawrence Feinson?, Clifford Voss?2, Christopher Russoniello?,
Lindsay Byron!, Mohammad Koneshloo!

1 University of Delaware, Newark, United States of America

2 US Geological Survey, Trenton, United States of America

The effects of rising sea level and storm surges threaten freshwater resources and aquatic ecosystems along many
world coastlines. Understanding the primary factors that affect aquifer vulnerability and determine the magnitude of
system response is critical to developing effective management plans in coastal zones.

Research questions

What factors most affect vulnerability of fresh coastal groundwater resources to salinization?
What are the relative rates of different salinization processes (lateral and vertical)?

How is salinization affected by geologic heterogeneity present in complex delta aquifer systems?

Methodology

Salinization processes were assessed with variable-density groundwater flow and solute transport models. The rate
and magnitude of salinization of fresh groundwater due to lateral seawater intrusion were assessed over a range of
hydrogeologic settings, and the most vulnerable settings were mapped globally. In an application to the Bengal Delta
along the central coast of Bangladesh, the effects of aquifer heterogeneity on the rate and extent of vertical (storm
surge) and lateral (sea-level rise) salinization processes were investigated.

Research results

A primary factor affecting fresh groundwater vulnerability to lateral salinization is the ability of the water table to

rise in response to a rise in sea level. Topography-limited systems, in which water-table movement is negligible, are
vulnerable to salinization over a range of combinations of permeability and recharge. In contrast, recharge-limited
systems, in which the unsaturated zone permits water-table rise, experience minimal salinization. These typologies
were mapped over world coastlines as a first indicator of vulnerability. Some of the most highly vulnerable areas are
world deltas. An example is the Bengal Delta, where sea-level rise combined with low elevation, dense population,
and extensive groundwater use threaten to salinized water resources. Simulation results show that geological
heterogeneity strongly affects salinity patterns and salinization rates. The lateral intrusion process is much slower
than vertical salinization caused by inundation and storm surges, and groundwater pumping accelerates both
mechanisms. The analyses show that large-scale factors may serve as a first indicator, but vulnerability of a coastline
to salinization depends strongly on system characteristics.
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Societal Importance for Stakeholders

The results of this work have implications for coastal managers who may use the developed indicators to initially
focus efforts on vulnerability assessment and mitigation planning. The effects of local system characteristics
and pumping on rates and patterns of salinization emphasize the need for site-scale impact assessments and
management of pumping to minimize effects of salinization.

DD 3.3-4 GuIDING PRINCIPLES FOR FRESH WATER LENS
DEVELOPMENT, EXPLOITATION AND MAINTENANCE IN
ARTIFICIAL ISLANDS

Marloes van Ginkel1, T.N. Olsthoorn2, Marianne Tijs1
1 Delft University of Technology & Royal HaskoningDHYV, Delft, The Netherlands
2 Delft University of Technology & Waternet, Delft, The Netherlands

Research question

A fresh water lens may develop under newly constructed artificial islands in the ocean. The thus developed fresh
water lens can be incorporated in the water supply system of the envisaged development on the island. The
conditions for fresh water lens development can be optimized in artificial islands, since these islands are designed
from scratch and the technical possibilities of dredging material and dredging equipment are large. However, there

is currently little guidance on methods for optimizing artificial islands for fresh water lens development. We address
this gap looking at the factors affecting 1) the development, 2) the exploitation and 3) the maintenance of fresh water
lenses.

Research methods and results

In this research the geotechnical properties and hydrological characteristics of three land reclamation projects are
used to study the potential fresh water lens development in land reclamations. The three land reclamations are

The World in Dubai, Maasvlakte Il in the Netherlands and Pluit City in Jakarta. Based on numerical analysis, we will
present general design principles regarding the shape and characteristics of artificial islands and the capacity and
continuity of recharge. An especially interesting aspect is how the fresh water lens can be exploited and maintained.
Options for a permanent measurement system will be presented.

We conclude that optimization of artificial islands for fresh water lens development, exploitation and maintenance is
technically feasible. The business case determines whether the optimizations of these islands will actually be applied
in specific cases.

Societal importance

Water demand on newly constructed islands includes water for domestic purposes, drinking water, irrigation and
industrial purposes like firefighting and dust prevention. Safeguarding the fresh water supply is one of the major
challenges; since the island is constructed in the ocean there is usually no fresh water available to meet the water
demand of the future land use. Fresh water is usually supplied by pipeline from the main land, or by desalination of
seawater, and some small-scale rainwater harvesting and reuse. It is interesting to create a fresh water lens in the
island to decrease the dependency on supply from the mainland and/or to decrease the costs related to desalination.
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DD 3.3'5 SOPHISTICATED WELL CONFIGURATIONS TO ENABLE AQUIFER
STORAGE AND RECOVERY (ASR) IN COASTAL AQUIFERS

Koen Zuurbier, Marcel Paalman, Jan Willem Kooiman, Willem Jan Zaadnoordijk,
Pieter Stuyfzand
KWR Watercycle Research Institute, Nieuwegein, The Netherlands

Research question

Freshwater resources in coastal areas are limited, resulting in problems like seasonal water shortage, overexploitation
of freshwater aquifers, and seawater intrusion. We believe aquifer storage and recovery (ASR) of temporal freshwater
surpluses is a (cost-)effective strategy to balance yearly water demand and supply. As ASR can be inefficient

in coastal aquifers due to density-driven flow, the central question in this research was if sophisticated well
configurations could achieve acceptable ASR performance.

Results

An ASR-Coastal system equipped with multiple partially penetrating wells (MPPWs) was successfully installed in a
Dutch coastal greenhouse horticulture area in 2012 and enabled injection at the aquifer’s base and recovery at its
top. The system rendered recovery efficiencies of 40 - 60%, whereas <20 to <35% was recoverable by conventional
ASR wells. This recovery increase was more than sufficient to guarantee local freshwater supply, even during

long periods of drought. The MPPWs cannot fully overcome the loss by density-driven flow: a significant part the
injected freshwater becomes unsuitable every year by mixing during injection at the salinized base of the aquifer.

The interesting effect of this alternative, unique ASR scheme on chemical water quality development during aquifer
passage (cation exchange, mobilisation/sorption of (trace) metals) is topic of further study.

Secondly, a parallel, superimposed horizontal directional drilled well (HDDW) pair was proposed to enable both
shallow injection and recovery of freshwater in a freshwater lens, as well as interception of underlying saltwater. A
natural fresh groundwater lens can thereby be enlarged during injection (‘Freshmaker’ concept), storing large volumes
in the process. During subsequent storage and recovery, the enlarged freshwater lens is protected by the interception
of deeper saltwater. The first Freshmaker prototype was successfully installed and tested in 2013. SEAWAT modelling
preceding its operation indicates that the targeted (minimum) freshwater volume of 4,200 m? could only be recovered
using the Freshmaker HDDW pair.

Importance for stakeholders

This research has led to the development and field validation of innovative and sophisticated, but yet cost-effective
aquifer storage and recovery (ASR) solutions for freshwater management. With freshwater availability and demand
increasingly being unbalanced and the on-going salinization in coastal areas, these sophisticated and effective ASR
set-ups are expected to have major benefits to the (future) freshwater management.
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DD 3.4-1 SsIMULATING DROUGHT VULNERABILITY OF THE
AGRICULTURAL SECTOR IN THE SOUTHWEST NETHERLANDS:
AN AGENT-BASED APPROACH

Rianne Van Duinen?, Anne Van der Veen?, Tatiana Filatova2
1 Deltares, Utrecht, The Netherlands
2 University of Twente, Enschede, The Netherlands

Research question

Even though the Netherlands has as maritime climate, summertime droughts occur causing a decline in fresh water
availability and increasing salinziation. Insufficient fresh water or water with too high salt concentrations causes
damage to crop production and crop quality, eventually resulting in a loss of farm income. Adaptive capacity, the
ability of farmers to take adaptive actions, is a prerequisite for adaptation and an important determinant of the
vulnerability and performance of the agricultural sector at an aggregate level. Understanding farmers’ adaptive
behaviour and its relation with the sector’s vulnerability is a challenging task as farmer communities are complex
systems in which individual adaptive behaviour and interaction between agents shape outcomes at the sector
level through changes in the probability and severity of drought damage and the rate at which drought adaptation
technology diffuses through an area. In turn, there is a feedback from macro outcomes into individual decision-
making; individual farmers observe these outcomes at the macro level and adapt to them.

Results

This paper presents an agent-based model to explore how the adaptive behaviour of farmers at the micro level
affects the vulnerability of the agricultural sector to climate-induced uncertainty regarding water availability. Agents’
decision rules and social networks are calibrated based on the results of a survey among farmers in the southwest
Netherlands. The model explores the emergence of diffusion patterns of adaptation strategies and the overall
vulnerability of the agricultural sector in the case-study area under various drought scenarios. The macro outcomes
of interest include the changes in (1) the vulnerability of the agricultural sector, for example the annual loss of harvest,
% of farmers that go bankrupt and on near-zero profit margin, and (2) the diffusion of adaptation strategies (% of
adopters). Furthermore we will present the sensitivity of the simulation results to several model assumptions.

Societal importance for stakeholders

Several sub-programs of the Deltaprogram develop strategies for a sustainable freshwater supply. Decreasing the
vulnerability of society against droughts probably requires a range of measures and policy arrangements regarding
the supply and demand of freshwater. However, it also requires insight in the capacity of society to cope with
droughts. Understanding farmers’ drought adaptation behaviour is essential to design efficient public drought risk
management strategies. Insights in the factors motivating or hindering farmers to adapt enables policy-makers to
develop tailor-made solutions and to tune public adaptation efforts to private adaptive actions.
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DD 3.4-2 DEALING WITH THE UNPREDICTABLE: ANTICIPATION OF
SALINITY STRESS TO CROPS UNDER ERRATIC WEATHER
CONDITIONS

Sjoerd van der Zee
Wageningen University, Wageningen, The Netherlands

Many regions worldwide experience periodic drought with insufficient water for crop transpiration, semi-arid and delta
regions additionally deal with salinity of water resources.

Research question

To effectively deal with these stresses, farmers need instruments to assess the risks of yield reduction. However, the
impact of both stress factors depends on weather, which can be predicted for periods exceeding one week only with
increasing uncertainty. Our research questions is how to predict salt effects under unpredictable weather.

Research results

We investigated salt stress tolerance of common crops using literature and new experiments and developed a
conceptual framework of drought and salt stress effects on crops under erratic weather conditions for evaluating the
impact on yield and salt accumulation in soils. From simulations, guidelines for a priori sustainability assessment,
uncertainty factors, and a basis for management were derived.

It appears, that the new salt tolerance parameterization leads to different effects on crop yields than old data.
However, under Dutch conditions, salt exposure is commonly a temporary rather than a permanent problem, highly
correlated with drought, and tolerance to salt may be cultivar dependent. Such factors may mitigate the sensitivity of
crops for soil salinity, although direct exposure of above ground parts to salt, e.g. due to sprinkling, may render salt
effects more severe.

For salt exposure via the root zone, periodically saline conditions sort a limited effect unless these periods persist too
long or crops are very salt sensitive. As rotations schemes are adjusted to local conditions, it is possible to estimate
how much yields are affected by salinity. These estimations have uncertainty bands, that depend on the variation

of drought (hence saline) periods through the years and can be estimated only statistically. Since root zone salt
exposure can be functionally related with yields, soil salinity frequency functions incorporate the hazard of crop failure
risks. Where the quality of salt tolerance functions seem sufficiently well known, models inadequately represent both
recovery of crops from salinity and ecotoxicological mechanisms.

Societal importance for stakeholders

Combined with farmers’ experience, a risk assessment to support farm management is feasible. However, for pure
prediction and for regional or national assessments using models as NHI, model improvement is necessary for
agricultural risk assessment and suggestions are given for this. To predict salt salinity in soils with NHI, though, we
developed several simple relationships that are accurate.
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DD 3.4-3 EerFecTs OF LOW SALINITY LEVELS ON THE GROWTH OF
PLANT SPECIES FROM DUTCH FENS

Sija Stofberg!, Agata Klimkowska2, Maurice P.C.P. Paulissen3,
Jan-Philip M. Witte4, Sjoerd E.A.T.M. van der Zee'

1 Wageningen University, Wageningen, The Netherlands

2 Eco-Recover, Ecosystem Restoration Advice, Dieren, The Netherlands
3 Alterra, Wageningen, The Netherlands

4 KWR Watercycle Research, Nieuwegein, The Netherlands

Lowland ecosystems could be exposed to seasonally increased surface water salinity levels as a result of both
climate change and increased upwelling of brackish groundwater. For policy makers and water managers it is useful
to know the effects of salinity on these systems, to evaluate water management options in times of fresh water
scarcity. We focused on plant species in Dutch terrestrializing fens. The plants at the edges of the floating root

mats are in close contact with surface water and determine the structure and persistence of these ecosystems.
Furthermore, they host a wide diversity of plant species, including red list species. Little is known about the salt
tolerance of these species. To predict the impact of such exposure, ecologists can estimate sensitivity based

on spatial distribution data or by the study of plant traits. However, these methods may not reflect the effects of
temporary exposure to low levels of salinity.

Our research question is: How do low salinity levels affect plant species from terrestrializing fens?

We selected five species that exclusively occur in freshwater environments and exposed them to five low salinity
levels and one control concentration in a greenhouse experiment. None of the selected species showed any particular
traits regarding salinity tolerance. Results showed an overall biomass decrease starting from 200 mg/L Cl-. However,
sensitivity (defined as relative growth rate RGR decrease compared to control group) differed significantly between
species, with one species (Comarum palustre) showing no significant sensitivity up to a salinity level of 3000 mg/L CI-.
The other species showed mortality and significant reduction RGR, changes in root-shoot ratio and strong increases
in wilted tissue.

Sensitivity differs significantly between plant species, and may not reflect long term spatial distribution patterns or
salinity related traits. Regardless, threshold salinity levels derived from spatial distribution data may be useful as

a conservative estimate for management purposes, on the condition that the data is of sufficient quality (e.g. high
enough resolution). Policy makers and water managers should take into account that plants from the terrestrializing
edges of floating fens can be affected by low salinity levels (200 mg/L Cl-) within a timespan of weeks. It yet needs to
be assessed how much the root zone of floating fens may be exposed to short periods of increased salinity levels of
adjacent surface waters.
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DD 3.4-4 WwATER AVAILABILITY: CLIMATE CHANGE ADAPTATION IN THE
AGRICULTURAL SECTOR IN THE CZECH REPUBLIC

Eliska Lorencova, Zuzana Harmackova, Marie Hubatova, David Vackar
Global Change Research Centre, Brno, Czech Republic

As agricultural practices are climate-dependent and yields vary over years depending on shorter term weather
patterns, the agricultural sector is particularly exposed to climatic change (Moriondo et al., 2010). Changes in
temperatures and rainfall patterns directly affect crop yield and subsequent food production and indirectly affect
changes in water availability (Nelson et al., 2009). In the Czech Republic, there is a significant tendency to more
intensive dry episodes in the region, driven by temperature increase and precipitation decrease. These drought
episodes have a substantial impact on national and regional agricultural production, with yields being consistently
lower than in normal years.

Case study areas, Usti region and South Moravian region are one of the driest areas in the Czech Republic. In Usti
region, we focus on hop growing sector, which covers more than 73 % of the total hop planting area in the Czech
Republic. A particular specialty of South Moravian region is winegrowing, with more than 90 % of the total area of
vineyards in the Czech Republic, which makes it vulnerable towards expected climate change impacts. The aim of
the research is to investigate perceptions of local stakeholders towards climate change (in particular water availability,
drought) as well as preferences towards suitable adaptation measures and strategies in particular agricultural sector.
In order to investigate these questions, survey among farmers has been performed within the FP7 BASE (Bottom-up
Climate Adaptation Strategies towards a Sustainable Europe) project.

Our preliminary results show that climate change impacts are perceived as important factor affecting agricultural
production. However, climate change adaptation is currently not sufficiently mainstreamed into agricultural policies in
the Czech Republic. Analysing perceptions of local stakeholders towards climate change impacts has the potential
for policy implications, and can support the decision-making processes concerning regional agricultural adaptation
policies.

References:

Moriondo, M., Bindi, M., Kundzewicz, Z.W., Szwed, M., Chorynski, A., Matczak, P., Radziejewski, M., McEvoy, D.,
Wreford, A., 2010. Impact and adaptation opportunities for European agriculture in response to climatic change and
variability. Mitigation and Adaptation Strategies for Global Change 15 (7), 657-679.

Nelson, G.C., Rosegrant, M.W., Koo, J., Robertson, R., Sulser, T., Zhu, T., Ringler, C., Msangi, S., Palazzo, A., Batka,
M., Magalhaes, M., Valmonte-Santos, R., Ewing, M., Lee, D., 2009. Climate Change: Impact on Agriculture and Cost
of Adaptation. International Food Policy Research Institute. Washington, D.C.
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DD 3.4-5 suMMER PATHWAYS OF WATER AND SOLUTES IN AN
AGRICULTURAL FIELD

Joost Delsman?, Koos Groen?, Gualbert Oude Essink!
1 Deltares, Utrecht, The Netherlands
2VU University Amsterdam, Amsterdam, The Netherlands

Research question

Research on the flow of water and solutes in summer periods in humid climates is sparse, owing to an historical
focus on runoff events and the relatively minor contribution of summer periods to the annual water balance. However,
even in humid climates water is scarce during summer periods, resulting in decreasing crop yields or necessitating
costly water allocation schemes. Climate change is expected to aggravate future water shortages. In the Netherlands,
exfiltrating brackish groundwater, adversely affecting surface water quality, is an important secondary problem in case
of fresh water scarcity. Our study therefore aims to better understand the flow of water and solutes specifically in
summer periods, by investigating the water and salt balance of an agricultural field in the Netherlands.

Methods and results

We instrumented an agricultural ditch to enable direct measurements of water fluxes and salinity to both agricultural
drains and the ditch separately. Measurements focused on the summer period and were taken during two
measurement periods: May 2012 - November 2012, and April 2013 - October 2013. We subsequently modeled the
flow of water, solutes and temperature within a rigorous uncertainty framework.

Our combined measurements-modeling approach allowed for a high-frequency separation of hydrological flow
routes on this agricultural field. We observed and modeled a quick response of drain flow and a more damped

ditch response. Drain salinities decreased during discharge events, the salinity of ditch exfiltration showed a more
complicated response. Water loss was mainly attributable to infiltration, but without a significant groundwater
response.

Societal relevance

Understanding the summer water balance is important for water managers and users, as fresh water scarcity
results in a degradation of water quality and decreasing crop yields. This understanding is especially important in
deep polder areas in the Netherlands, where brackish groundwater seepage (upward flowing regional groundwater)
results in a significant salt load to surface water, and may damage crops if salts reach the root zone in dry summers.
Improved insight in the fate of allocated fresh water resources allows for more (cost-)efficient water allocation
schemes, making better use of scarce resources.
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DD 3.5'1 UNDER WHAT CONDITIONS WILL LOCAL TO REGIONAL
SOLUTIONS FOR FRESH WATER MANAGEMENT BECOME
ATTRACTIVE?

Ad Jeuken
Deltares, Utrecht, The Netherlands

Coastal areas and delta’s worldwide are threatened by changes in climate, subsidence and salinization with
consequences for local livelihoods, food production and ecology. This often poses serious challenges for fresh water
demand and supply in these areas. Different strategies for adaptation exist both on a large scale (including large
reservoirs and extensive water supply systems) as on a more local to regional scale (increasing water use efficiency,
increasing local water availability, adapting land use, etc.). This paper will focus on these local to regional adaptation
strategies to cope with increasing (at the same time uncertain) salinity and droughts. It explores a series of research
questions: What range of external conditions should be taken into account to assess the severity of an inadequate
fresh water supply (evaporation, precipitation, river discharges, sea level rise and related salt water intrusion,
economic changes)? What approach should be used to build robust and flexible adaptation strategies, given the
uncertainties in the long-term prediction of future climate change effects, and of other relevant socio-economic
developments? Which concrete options for adaptation are available on the local to regional scale in smarter water
management, land use (crops) or in applying innovative water technology? How are risks and options perceived by
local stakeholders and how can improved understanding by stakeholders contribute to better adaptation?

The paper will try to summarize end results of the Netherlands’ Knowledge for Climate research program on Fresh
water supply. It will present the new results on the above mentioned research questions in relation to the existing
body of literature, results that are for a large part based on experimental evidence drawn for field and modelling
experiments applied in case studies, mostly in The Netherlands. It explores how the local insights and knowledge
gained from casestudies may have much wider applicability may be up-scaled and be of benefit to local to regional
fresh water supply in other areas where people and economies might be threatened by shortages.

DD 3.5'2 IMPLEMENTING OPTIMAL FRESH WATER SERVICE LEVELS IN
TIMES OF CLIMATE CHANGE

Stijn Reinhard, Nico Polman
LEI Wageningen UR, The Hague, The Netherlands

Research question

How to develop and implement a governance agreement and investment portfolio among stakeholders on fresh water
service levels to allocate regionally scarce fresh water resources. Allocation of fresh water is important to ensure
maximum well-being and wealth in periods of drought (that will appear more frequently as result of climate change).

Methodology

A cost effectiveness and cost benefit framework is developed that on the one hand distinguishes different scales and
levels, and on the other hand selects efficient measures to combat drought (e.g. save water, reuse water, distribute
water efficiently). We compare the present versus future social costs and benefits for distinguished economic sectors
and ecosystem services.
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The analysis starts at the user level and selects the adaptation measures that can be taken at that level, given a
certain quantity of fresh water. Adaptation measures at the next higher spatial level are evaluated whether they can
be implemented more effectively (and efficiently) than the measures at user level. This approach is repeated at the
next level to develop a set of cost efficient measures that can be implemented at different levels. Special attention is
required for water users that are not able to implement adaptation measures themselves, e.g. ecosystem services
The next step is to analyse whether the goals of private stakeholders differ from social optimal climate adaptation
policies. Insight in these incentives helps to predict users’ behaviour, and to develop incentives and governance
structures appropriate to make them behave in such a way as to maximize the social benefits of scare fresh water
resources.

Research results

Instead of government investments in large scale measure to provide drought prone areas with sufficient water, an
incentives based approach will stimulate water users to implement measures themselves more efficiently. In the long
run this approach will stimulate the adoption of new water saving technologies. Public water services are served best
by infrastructural measures.

Societal importance for stakeholders

To facilitate the socially optimal provision of fresh water, the available fresh water has to be linked with public and
private decision-making. The government has to warrant a proper amount of water for the water users that cannot
invest in measures or substitute water for other resources (e.g. nature and poor people).

DD 3.5'3 ADAPTATION TURNING POINTS: IMPLICATION OF CLIMATE
CHANGE FOR WATER SUPPLY IN THE PEARL RIVER DELTA,
CHINA

Saskia Werners!, Dan Yan!, Mingtian Yao?, Heqing Huang?, Jia-quan Deng3
1 Wageningen UR, Wageningen, The Netherlands

2]GNSRR, Beijing, China

3 PEARL RIVER HYDRAULIC RESEARCH INSTITUTE, Guangzhou, China

Concerned decision makers increasingly pose questions as to whether current management practices are able to
cope with climate change and increased climate variability or whether alternative strategies are needed. Climate
research has typically focussed on assessing the extent of climate impacts. Yet, at least equally important is the
question for how much longer current policies and management are expected to suffice and when adjustments will be
required.

In this paper, a methodological approach for identifying the policy implications of climate change is first presented
and then applied to water management in the Pearl River Delta, China. This approach focuses on the identification
of situations where policy objectives and societal preferences are compromised by climate change. We call this
situation an ‘adaptation turning point’. The assessment of adaptation turning points translates uncertainty about the
extent of climate impacts into a time range over which it is likely that specific impacts occur and which can be used
to take adaptive action. This paper will discuss the theoretical basis (how to define, identify and quantify adaptation
turning points) and case evidence of adaptation turning points in the Pearl River Basin, China. The paper hopes to
contribute to the ongoing debate on adaptation to climate change in Pearl River Delta by focusing on the specific
situation where, due to climate change, the long-term sustainability of water supply in is risk. We aim to identify the
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moment in time at which safe water supply may be compromised by climate change and the time window available
for adaptation. The paper combines results from literature review and stakeholder consultation about objectives

and critical situation in water supply with projections of a hydrological model and a water use model under different
scenarios, including the recent IPCC RCP4.5 and RCP8.5 scenarios. For constructing adaptation pathways the paper
discusses proposed management options and recent innovations to reduce salt intrusion and secure water supply.
Experience so far is that expressing uncertainty in time (when will a critical point be reached) is easier to understand
for stakeholders than the more typical presentation of the amount of change in a certain projection year. In addition,
the assessment allowed for a meaningful dialogue between stakeholders and scientists about the amount of change
that is acceptable, when conditions could be reached that are unacceptable, how likely these conditions are and what
adaptation pathways to consider.

DD 3.5-4 poND ECOSYSTEMS: AN EFFECTIVE RESOURCE BASE FOR
COMMUNITY BASED ADAPTATION TO CLIMATE CHANGE

Golam Rabbani
BANGLADESH CENTRE FOR ADVANCED STUDIES, Dhaka, Bangladesh

Climate induced hazards are expected to adversely affect the small isolated pond ecosystems (freshwater sources)
in Bangladesh. Many of the poor households depend on these ponds for drinking water and other domestic needs,
especially in the coast of the country. Variations in temperature, erratic behavior of rainfall, cyclonic events and
salinity intrusion deteriorate pond water quality in the South-West coastal district of Satkhira,. A study consisting

of both quantitative and qualitative tools were used to explore how climate change affects these ponds and
associated livelihoods. The reseacrh also explores how the existing resources can be utilized as the capital of the
local communities to adap with climate change. The survey covered 309 households in three study villages. The
paper mainly argues in favor of the fact that the pond ecosystems can be a potential resource base for community
based adaptation in the coastal regions of Bangladesh. More than 50% households expressed that temperature,
rainfall variations and salinity intrusion directly and indirectly affect pond water. About 61 % households believe that
the deterioration of the pond water quality is the main cause for increased incidences of diarrhea. Cyclone Aila in
2009 inundated most of the study ponds with saline water. This in turn affected small scale pond based irrigation and
cultivation of fisheries for at least three consecutive years.

DD 3.5-5 Risk BASED DETERMINATION OF SERVICE LEVELS FOR
FRESH WATER SUPPLY IN THE NETHERLANDS

Hans Korving', Francien van Luijn?
1 Witteveen+Bos, Deventer, The Netherlands
2 Rijkswaterstaat, Lelystad, The Netherlands

The Netherlands are situated at the downstream end of the rivers Rhine and Meuse. During periods with precipitation
deficits, society is highly dependent on these rivers for its supply of fresh water, e.g. for water level management,
drinking water supply and irrigation.

In order to assess the sensitivity of fresh water supply for climate change, Rijkswaterstaat currently develops a risk
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based method, called ‘Multi-layer water management’, for the determination of service levels. The approach accounts
for the priorities of the law-based ‘Verdringingsreeks’ (i.e. Water consumption hierarchy). This abstract addresses
the the determination of return periods of demand and supply leading to water shortages in the Netherlands. The
application of the methodology is illustrated with an example from the Meuse catchment area.

The availability of fresh water depends on the local situation at the intake location. Unavailability can be caused by
e.g. low discharge or high salt concentration. Therefore, all intake locations in the national water system were divided
in four different groups accounting for local characteristics. In order to assess the impact of climate change on water
shortages, climate scenarios developed by KNMI were compared with a baseline. The comparison includes the
scenarios G 2050, G 2100, W+ 2050 and W+ 2100 (numbers indicate target years).

Due to the correlation of water demand and river discharge, assessment of water shortages requires that the joint
distribution is considered. Data of demand and discharge were derived from runs with a nationwide hydrological
model, the Netherlands Hydrological Instrument (NHI). Its basis is a state-of-the-art coupling of groundwater
(MODFLOW), unsaturated zone (metaSWAP) and surface water (MOZART-DM) models. The total area is divided in
244 districts for water supply. River discharges and water demands are calculated on a 10-day basis covering a
period of 30 years.

The joint probability of water demand and discharge deficit was described with a transformed bivariate normal
distribution. For computational convenience, discharge deficit was used instead of actual discharge. Transformation
was based on the optimal power according to the Box-Cox method. The parameters of the transformed distribution
were calculated using Maximum likelihood estimation. To avoid the impact of small values on estimated parameters,
both water demand and discharge deficit were censored at a threshold near zero. Calculation of return periods of
water shortages was based on a failure region and estimated using Monte Carlo simulation.
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DD 4.1-1  susTAINABLE MANAGEMENT OF DELTAS IN A CLIMATE
CHALLENGED, ENERGY SCARCE WORLD

John Day
Louisiana State University, Baton Rouge, United States of America

Research question

The next several decades will be a time when climate change impacts will become increasingly severe and energy

of all sorts will become much more expensive and scarce. These forces will affect the sustainability of deltaic
management. The central question of this presentation is how can deltas be managed in the face of increasingly
severe climate impacts when energy scarcity will limit options for management. Several issues related to climate
change and energy scarcity will be addressed. For climate, these include temperature increase, accelerated sea-level
rise, increased frequency of strong storms, and change in freshwater input to deltas. Energy scarcity is related not
only to the availability of energy but also the net yield of different energy sources.

Research results

It is anticipated that global temperature will increase from 2 to 6 C in this century. This will likely result in a sea
level increase of 1-2 m and an increase in the frequency in tropical storms on the order of 10-20%. Climate change
will lead to both increases and decreases in freshwater availability to deltas and human activity will likely reduce
freshwater availability, especially in dry areas. Availability of conventional fossil fuel resources will progressively
decrease during this century and it is unlikely that unconventional sources (e.g., shale oil and gas) will be able to
substitute for conventional sources to any great extent. As energy scarcity grows, the net energy yield of different
energy sources will decrease. The Energy Return on Investment (EROI) of most fossil fuels is decreasing. For
example, the EROI of conventional oil was about 100:1 in the middle of the 20th century but it has now decreased
to between 20:1 and 10:1. This is very important because most delta management is very expensive and energy
intensive.

Societal Importance for stakeholders

Deltas are extremely important both economically and ecologically. The value of ecosystem goods and services

of deltas world wide is very high; hundreds of billions to trillions of dollars. Highly energy intensive management
approaches will become less and less viable during this century because of the increasing cost of energy.
Ecotechnology, and more specifically ecological engineering and self-design, are appropriate bases for sustainable
delta management. This offers a cost effective alternative to energy intensive approaches. Highly engineered, energy
intensive approaches such as exist in The Netherlands and the Mississippi delta will likely not be sustainable.
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DD 4.1-2 SHATT AL-ARAB RIVER (SOUTHERN IRAQ) PRESENT
AND FUTURE

Nadia dr. Al-Mudaffar Fawzi, Samer Al-Taei, Malik Ali
Marine Science Centre, University of Basra, Basrah, Iraq

The Shatt Al-Arab River, part of the Euphrates-Tigris river system, forms the main source of fresh water for southern
Iraq and plays an important role in maintaining the ecological balance of marine habitats in the north-western Arabian
Gulf.

Upstream large-scale development of water regulators and dam structures, together with the drainage and re-flooding
of the Mesopotamian Marshlands, a highly variable climate and droughts have instigated severe water shortages and
river salinization caused by the intrusion of salt water wedges from the Gulf. This endangers agricultural activity along
the river, causing substantial damage to what was once recognized as some of the largest date palm plantations in
the world. Agriculture, the fishing industry and marine ecosystems have also suffered degradation in the delta area.
What then, are the current and future challenges facing the Shatt Al-Arab River and what are the environmental and
social implications?

Historic data of water quantity and quality were compared to data from the study of different sections of the river

to examine the changes over the past few decades. A numerical model was used to simulate different scenarios to
predict current and future changes.

The results show significant changes in the hydrological and physico-chemical characteristics of the upper reaches
of the river. The amount of water discharged to the river via the Tigris-Euphrates river system has reduced over the
years from 250m?®/sec ten years ago to quantities averaging no more than 50m?3/sec in recent years. The (TDS) has
increased from 1.5 mg /L to 2.5 mg / L in 2013. The lower reaches of the river near the city of Al-Faw are dominated
by saline waters due to diminishing volumes of fresh water from upstream. The findings from this study suggest a
change to semi enclosed estuary characteristics.

Changes in water quality far exceed the guidelines for irrigation. This limits agricultural activities to highly salt-tolerant
produce, deeming the river especially at the lower section unsuitable for human consumption. These changes have
impacted on the ecosystem and the socio-economic status of the residents. Many have relocated to neighbouring
cities, abandoning their agricultural and fishing livelihoods.

Simulation studies of the sediment deposition and transportation in the Delta of Shatt Al-Arab and measurement of
TSS show significant shrinking of the delta towards the inner parts of the banks of the river rather than extending
outwards due to overwhelming sea energy moving against the reduced discharge from the river.
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DD 4.1-3 iMPACTS OF CHANGING CLIMATE PROJECTIONS ON
RESTORATION OF THE MISSISSIPPI RIVER DELTA

G. Paul Kemp, John Day, Angelina Freeman
Louisiana State University, Baton Rouge, United States of America

Research question
Can society adapt quickly enough to revised projections of climate change, sea level rise, wetlands loss and the end
of cheap energy to save the Mississippi River Delta, one of the most vulnerable coastal landscapes on earth?

Methodology

A panel of leading scientists, engineers and socio-economic experts convened by the Environmental Defense
Fund, National Audubon Society and National Wildlife has provided new understanding of the most significant
obstacles facing restoration of the Mississippi River delta. The Scientific and Engineering Special Team (SEST)
recently published its findings in a new book titled Perspectives on the Restoration of the Mississippi Delta, the first
in the Springer series ‘Estuaries of the World.” Release of the recent IPCC update on climate change (WGII, AR5)
provides an opportunity to recalibrate restoration scenarios at the regional scale, including that now in progress
for the Mississippi River delta. Bayesian and Monte Carlo statistical techniques were used to reassess the utility of
adaptation options currently competing for funding.

Research results

New IPCC projections are still being absorbed by policy makers who must prioritize funding for actions to restore
the Mississippi River. These range from long-distance pumping of offshore and river sediments to rebuild vanished
wetlands to reconnecting the Mississippi River and entraining river sediments to disappearing delta wetlands and
estuaries. The findings of the SEST report on the drivers for delta deterioration provide a starting point for statistically
forecasting the comparative effectiveness of such measures over the revised range of climate change scenarios.

Societal importance for stakeholders

As is true for most large restoration programs, allocation of scarce restoration funds to different projects is a
wickedly complex problem for political leadership. Decision-makers face an array of stakeholders, with very different
perceptions of what must be done, including fishers, residents afraid of hurricane surge, and deeply entrenched
economic interests like ports and the oil and gas industry. Proposed restoration projects will necessarily involve
controversial trade-offs in the short-term, without which long-term sustainability is unachievable. Sound forecasts
based on robust statistical methods can play an important role in ensuring that long-term consequences are
adequately considered.
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DD 4.1-4 eNVIRONMENT AND WATER RESOURCES VULNERABILITY
IN THE LOWER ESTUARY OF THE SENEGAL RIVER
FROM 2003 TO 2013

Awa Niang1, Alioune Kanel, Jacques Quensiere?
1 Cheikh Anta Diop University, Dakar, Senegal
2 Institut de Recherche pour le Développement, Paris, France

The Senegal River estuary and its coastal interface the ‘Langue de Barbarie,” sandy spit formed by the coastal
dynamics, are highly vulnerable ecosystems where live disadvantaged and low economic communities. The effects

of the Sahelian drought of 1970 resulted in a fragile hydrological, climatic and ecological balance. To overcome

the reduction of freshwater inflows in the valley and delta, large dams have been established on the Senegal River;
Diama downstream and Manatali upstream. However, in the lower estuary and the natural region of Gandiolais, the
management of these dams causes serious environmental problems such as freshwater scarcity and especially
recurrent flooding of the city of St. Louis.

The opening of a breach on the Langue de Barbarie in October 2003 was justified by the impending floods in St.
Louis. After rapid drainage of waters and thus preservation of the city of St. Louis, this breach became the new mouth
of the Senegal River. With an initial aperture of 04 m, the gap reaches a width of 5543 m ten years after, according

to the monitoring carried out from LANDSAT satellite imagery. More than the rapid and dramatic expansion, it is the
environmental and socio-economic impacts that are of concern today, putting this eco-socio-system at a critical
stage of its evolution. The accumulation of vulnerability factors such as hypersalinization water and agricultural lands,
rapid morphological changes of the ‘Langue de Barbarie’ spit sand caused by severe erosion at the coast, constitutes
now a major challenge for local communities. Despite adaptation efforts of communities through the development of
activities such as salt extraction or transfer of market gardening activities to less-favored areas, the situation is highly
alarming, given the impoverishment of local communities. The evolution scenarios defined on the basis of knowledge
are afraiding opening new loopholes as in 2012, which would correspond to a real disaster for the region.

DD 4.1'5 THE IMPORTANCE OF SCALE IN DEFINING VULNERABILITY
OF THE GANGES-BRAHMAPUTRA RIVER DELTA TO
ENVIRONMENTAL CHANGE

Carol Wilson1, Steven Goodbred?, Irina Overeem?
1 Vanderbilt University, Nashville, United States of America
2 University of Colorado, Boulder, United States of America

Among the world’s deltas, the Ganges-Brahmaputra river delta (GBD) is often cited as being highly vulnerable to
future sea-level rise and environmental change, owing to its vast low-lying landscape and large human population.
Here we present recent research from the GBD that highlights different, if not divergent, perspectives on the current
status of this system and its potential response to future environmental change. The contrasting views emerge at
different temporal and spatial scales, raising the question of how scientists, stakeholders, and decision makers might
most effectively develop a shared understanding of large, at-risk delta systems.

Taking a broad perspective, the GBD reflects the robust processes (e.g., seasonal monsoon, tides) that have
constructed and maintained it. Stream morphology and elevation data from the Shuttle Radar Topography Mission
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(SRTM) reveal the system is interconnected by a labyrinth of fluvial and tidal channels that effectively convey sediment
to most areas of the landscape through overbank flooding and tidal transport. The long-term stratigraphic record of
the GBD also reflects a system in dynamic equilibrium, with major landforms persisting through changes in sea level,
sediment loading, river avulsion, and delta lobe switching - together providing an encouraging outlook in the face of
ongoing global environmental changes.

Nevertheless, evidence of an inherently robust natural GBD contrasts with areas that have been strongly impacted by
human modification. For example, in recent decades 15,000 km? of coastal islands have been embanked (‘poldered’)
for flood protection and agricultural development, resulting in sediment starvation and a loss of elevation (>1m)
relative to natural tidal landscapes. This elevation loss yields a rate of relative sea-level rise equivalent to 20 mm/yr,
more than 4x that observed in the GBD’s natural mangrove forest. Furthermore, the reorganization of tidal channels

in response to poldering has led to local bank erosion and undercutting or weakening of embankments, exemplified
by the occurrence of multiple failures during Cyclone Aila (2009). These findings demonstrate that recent and

ongoing anthropogenic modifications of the land surface and their impact could be comparable to, if not larger than,
increasing rates of sea-level rise--cause for concern within many localized regions of the GBD. Looking ahead, human
alterations of the physical environment cannot be avoided, but we can more reliably restrict negative consequences
with a more realistic and precise understanding of human-landscape interactions. Effective risk analysis and the
management of complex coastal systems require that scale of interest be well defined.

DD 4.2-1 CcoASTAL EUTROPHICATION DYNAMICS AND CONTROLS IN
A CULTURALLY AND CLIMATICALLY STRESSED WORLD

Hans Paerl, Nathan Hall, Benjamin Peierls, Karen Rossignol, Alan Joyner
Institute of Marine Sciences, University of North Carolina at Chapel Hill,
Morehead City, United States of America

Estuarine and coastal watersheds support nearly 75% of the world’s human population and they are experiencing
unprecedented urban, agricultural and industrial expansion. The freshwater-marine continua draining these
watersheds are impacted increasingly by nutrient inputs and resultant eutrophication, including symptomatic harmful
algal blooms, hypoxia, finfish and shellfish kills and loss of higher plant and animal habitat. In addressing nutrient
input reductions to control and reverse eutrophication, phosphorus (P) has received priority traditionally in upstream
freshwater regions, while controlling nitrogen (N) inputs has been the focus of management strategies in estuarine
and coastal waters. However, freshwater, brackish and full-salinity components of this continuum are connected
structurally and functionally. Intensification of human activities has caused imbalances in N and P loading, altering
nutrient limitation characteristics and complicating successful eutrophication control along the continuum by reducing
only one nutrient. Numerous examples worldwide increasingly indicate the need for dual N and P input constraints as
the only effective nutrient management option for long-term control of eutrophication. Climatic changes, specifically
increased variability in freshwater discharge associated with more severe storms and intense droughts, interact
closely with nutrient inputs to modulate the magnitude and relative proportions of N and P loading. The effects of
these interactions on phytoplankton production and composition were examined in two neighboring North Carolina
(USA) lagoonal estuaries, the New River and Neuse River Estuaries; which are experiencing concurrent eutrophication
and climatically-driven hydrologic variability. Efforts aimed at stemming estuarine and coastal eutrophication in

these and other similarly-impacted estuarine systems should focus on establishing N and P input thresholds that
include effects of hydrologic variability, so that eutrophication, harmful algal blooms and habitat degradation can be
controlled over a range of current and predicted climate change scenarios.
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DD 4.2-2 cYCLONE INDUCED SALINITY INTRUSION CAUSES LOSS AND
DAMAGE IN RICE FIELDS IN THE COAST OF BANGLADESH

Golam Rabbani
BANGLADESH CENTRE FOR ADVANCED STUDIES, Dhaka, Bangladesh

Saline intrusion related to climate stressors will become one of the most important issues in future. Salinity intrusion
in soil and sources of freshwater caused by climate induced hazards especially cyclone and storm surges is adversely
affecting the rice production in Satkhira, one of the most vulnerable coastal districts in terms of exposure to cyclonic
events and sea level rise. A set quantitative (household survey) and qualitative tools (Focus Group Discussions,
In-depth Interviews and Community Consultations) were applied to assess how the loss and damages were caused
by salinity intrusion induced by cyclone Aila in the study district. The survey covered 360 households in four study
villages. This paper explores the household level impact of salinity intrusion on rice production, how people adapt,
and how different categories of households (e.g. size, land ownership, income) experience loss and damages. Salinity
intrusion instigated by cyclone Aila devastated the rice production for three consecutive years (2009-2011). About

86 percent study households expressed that the rice production (aman) has decreased because of salinity intrusion

in soil. The economy of the most of these households (99 percent) were found to be adversely affected by salinity
induced factors including decrease of rice production, increase expenditure for additional irrigation, reparation of seed
beds etc. It was also found that 61 percent of the farming households took adaptation measures to some extent.

Of which, 39 percent practiced saline tolerant varieties to adapt with changing condition. However, the adaptation
measures helped only for 13 percent households to improve the situation while 69 percent indicated that negative
impacts still exist. This study also provides evidences that the loss of extreme poor households (52 percent) was
about 74 percent of its last annual income due to cyclone induced salinity intrusion in rice fields in 2009. The lessons
learned here would help us get an indication of what might happen elsewhere.

DD 4.2-3 PROJECTING FISH PRODUCTION IN BANGLADESH UNDER
CLIMATE CHANGE

Jose A. Fernandes!, Manuel prof. Barange!, Mostafa prof. Hossain?,
Munir dr. Ahmed3, Lazar dr. Attila%, Susan dr. Kay'

1 Plymouth Marine Laboratory, Plymouth, United Kingdom

2 Bangladesh Agricultural University, Mymensingh, Bangladesh

3 Technological Assistance for Rural Advancement, Dhaka, Bangladesh
4 University of Southampton, Southampton, United Kingdom

The fisheries industry provides a crucial source of income and food to Bangladesh, and is second only to agriculture
in the overall economy of the country. Fisheries accounts for 4.4% of Bangladesh GDP, 22.8% of agriculture sector
and 2.5% of total export earnings. It also contributes 60% of the animal protein intake in Bangladesh, and even
higher in populations near the coast. Inland capture fisheries contribute 1 Mt of fish catch, and marine capture
fisheries an additional 0.6 Mt (2013 data). There is also a significant contribution of aquaculture products (ca 1.7 Mt)
from ponds, haors, baors and shrimp farms. The main captured species (in both inland and marine catches) is Hilsa
shad (Tenualosa ilisha), which accounts for ca 10.6% of the inland and marine catches. Hilsa is an anandromous fish
widely distributed in the Indian Ocean. As part of the ESPA Delta project we are developing tools to predict the long
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term productive capacity of Bangladesh marine fisheries, with particular interest in Hilsa shad. These tools are based
on climate-driven ecosystem modelling projections of water properties, primary and secondary production in the
Bay of Bengal, which are used to develop size-based and species-based predictions of fish productivity changes in
the period up to 2040. Here, we present the fish projections for Hilsa Shad and total fish potential production of the
Bay of Bengal, by size classes. These projections are contrasted with public data and survey data collected for that
aim in ESPA-DELTA. Finally, these projections are contextualized in terms of the meaning for societies that are highly
dependent on natural resources.

DD 4.2-4 peATLAND MANAGEMENT IN A CHANGING WORLD

Karlijn Brouns, Mariet Hefting, Jos Verhoeven
Utrecht University, Utrecht, The Netherlands

Peat soils cover a large part of the western and northern Netherlands. Drainage for agriculture has caused increased
soil aeration which has stimulated peat decomposition and, hence, soil subsidence. Current subsidence rates amount
to 1-2 cm/yr, while most of these areas are already located several meters below sea level. So, these areas are
vulnerable to flooding and management is complex and costly. Peat decomposition leads to high CO, emission rates;
CQO, is an important greenhouse gas.

Extreme summer droughts are expected to occur more often in the future in NW Europe due to climate change.
During these droughts deep peat layers that had not previously been exposed to air will be oxygenated. River water
is supplied to Dutch peat areas in summer to prevent drying out of the peat soils. However, the supply of this water

is stopped in dry periods as soon as it has become brackish due to saltwater intrusion and evaporation to avoid
possible adverse effects on peat decomposition and agricultural production.

Research question
What are the effects of summer drought and salinization on peat decomposition?

Methodology

We measured decomposition rates of peat samples from four sites contrasting in peat type (with the remains of a
eutrophic vs. oligotrophic vegetation) and land use (agriculture vs. nature protection). We adapted salt and oxygen
concentrations depending on the research question.

Results

As expected, aerobic decomposition rates were higher than anaerobic decomposition rates. Surprisingly, the
decomposition rates remained high in anaerobic conditions after a brief period of oxygenation. We found that even
one week of oxygenation released a latch on decomposition. In a thirteen-week period, one week of oxygenation
increased decomposition rates with 80-350%, depending on peat type. Furthermore, we found that the aerobic
decomposition rates were approximately reduced by 50% after salinization, whereas the anaerobic decomposition
rates remained unchanged.

Societal importance

Dry episodes enhance the decomposition of deep pristine peat layers substantially, both short- and long-term. On
the other hand, supplying brackish water would reduce decomposition rates. Therefore, we suggest that providing
brackish water during dry periods would be a promising measure to reduce subsidence rates.

A
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The research outcomes were used in stakeholder workshops. There, the stakeholders compiled spatial visualizations
of the effect of climate change and peatland management on subsidence rates and the consequences for targets for
agriculture, nature and recreation on an interactive mapping device. Doing so, we facilitated decision-making about
the future management of Dutch peatlands.

DD 4.2-5 E£NHANCED OLIVINE DISSOLUTION:
CREATING A COASTAL CO, SINK?

Francesc Montserrat, Filip Meysman
Netherlands Institute for Sea Research (NIOZ), Yerseke, The Netherlands

Research question

At present, enhanced olivine dissolution as a geo-engineering approach to counteract Ocean Acidification (OA) and
capture CO, is only conceptual, and has not been studied beyond the large-scale modelling and sterile laboratory
stage. A critical unknown is the kinetics of olivine dissolution under natural conditions in marine coastal environments.
Various processes like wave-induced grain abrasion, dissolution by microbially-produced CO, (metabolic dissolution)
and ingestion and transport processes mediated by bottom-dwelling macrofauna (bioturbation) may affect the
dissolution rate of olivine in coastal settings.

Research results

To examine the dissolution of olivine in coastal settings, we performed olivine dissolution experiments in simplified
mesocosm models, where olivine was subjected to different representative treatments. One experiment consisted of
olivine grains subjected to constant shaking in solution media of increasing geochemical and biological complexity
(artificial seawater, artificial seawater with and without Ca2?* and/or Mg?*, natural seawater). In another experiment,
olivine was placed in experimental aquaria with and without marine worms processing the olivine sediment. In both
cases, significant increases in seawater alkalinity, dissolved inorganic carbon and pH were observed, while the
reaction products silicate and nickel also showed elevated values.

Societal importance for stakeholders

As atmospheric CO, levels are rising, the surface ocean carbonate system changes via air-sea equilibration
processes. This process is known as Ocean Acidification, described by the reaction:

CO2 (aq) + H20 <= H2CO3 <> HCO3- + H+ <= CO32- + H+

Ocean Acidification (OA) affects the global ocean on several levels

On the organism level, calcifying organisms like shellfish and hard corals, but also calcifying algae, are highly
dependent on seawater chemistry: pH, alkalinity and carbonate saturation states in particular. Mentioned organisms
are often at the base of marine foodwebs and/or provide physical structures (e.g. oyster reefs, coral reefs), which are
paramount to the biodiversity and functioning of marine ecosystems. At the global level, the oceans take up circa

25 % of the yearly emitted CO,. OA is therefore decreasing the ocean’s CO, uptake and buffer capacity and
diminishing its “geo-engineering potential”.

To promote CO, uptake in coastal seas, one geo-engineering approach that has been proposed is to stimulate the
rate of olivine dissolution, by distributing it on beaches, along coasts and in lagoons, integrated in existing sediment
management programmes (e.g. dredging activities, beach nourishments, artificial islands). We discuss the potential of
enhanced olivine dissolution for counteracting Ocean Acidification on a local scale, and creating coastal CO, sinks.
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DD 4.3-1 THE STATE OF DELTAS IN TIMES OF CLIMATE CHANGE:
CHALLENGES AND OPPORTUNITIES IN DATA COLLECTION
AND INTEGRATED DELTA MODELING

Irina Overeem?, Zachary Tessler2, Charles Vérésmarty?

1 Community Surface Dynamics Modeling System, University of Colorado at Boulder,
Boulder, CO, United States of America

2 CUNY Environmental CrossRoads Initiative, The City College of New York, New
York, United States of America

Deltas worldwide are hotspots of economic activity while also providing valuable ecosystem services. A solid
knowledge base and predictive modeling framework for protecting these vulnerable coastal systems is imperative,
and the DELTAS Belmont Forum initiative coordinates and enhances an innovative international work towards the
development of a science-based framework for delta sustainability.

The biogeophysical and socioecomomic dynamics of delta systems are complex and intertwined, requiring a suitably
versatile modeling framework that is scalable and may be applied from local to national levels to evaluate the unique
functioning, critical stressors, and vulnerability of the world’s deltas. A versatile framework needs to ingest both
social, economic, and physical and ecosystem data into an open-access repository to allow planners to model

and deliver optimized, viable solutions for their region. Additionally, it is a grand challenge to model delta systems

in a truly coupled manner; numerical process models need to be creatively manipulated to allow for better science
understanding of the human influence on delta processes. Another important basic challenge lies in the common
definition of ‘a delta region’ and thus the specification of suitable boundary conditions for any modeling exercise. Any
delta is inherently linked to its river drainage basin and its marine domain, but in what manner must numerical models
and datasets treat the linked upstream-local delta-ocean system system, that is, as a continuum of linked processes
or pre-specified treated as boundary conditions operating on a unique local delta which sits at the interface of land
and ocean-borne forcings?

Recent advances in data management systems and delta-wide data collection efforts have made new intra- and
inter-delta systems-based research possible. Inter-delta comparison studies rely on geographically broad, ideally
global, datasets for consistent analysis of delta dynamics. SRTM topography, GRUMP and GPW population provide
a global description of deltas and their populations in the coastal zone. Advancements in remote sensing of river
discharge, surface inundation, subsidence and the coastal ocean provides new insight into delta hydrology and
coastal zone risk. This is opening new research into the commonalities between delta systems, and how they respond
to geophysical and anthropogenic change. Collaborative data analysis is being supported by new data management
technologies, such as iRODS.

Similarly, paradigms in numerical process modeling have been shifting. The Community System Dynamics Modeling
System - CSDMS- allows for easy user interaction through graphical user interfaces, model interoperability between
different programming languages, protocols and low-level model coupling of models. New numerical models are now
designed with standard interfaces to be ‘couplable’ and to operate with flexibility though simple web-based clients.
Simple component models may serve a role in policy making and long-term planning, whereas detailed physics-
based engineering models need to provide predictions at the local scale.

Increasingly, collaborative research efforts are multi-national in scope, and improved data management strategies
and technologies are critical to success. Here we will outline how new data-sharing technologies and modeling
frameworks are being used in the Belmont-DELTAS international research effort.
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DD 4.3-2 BELMONT FORUM DELTAS PROJECT (BF-DELTAS) -
TO SUSTAIN THE RESILIENCE OF DELTAS

E. Foufoula-Georgiou
University of Minnesota, Minnesota, United States of America

Background

The Belmont Forum-funded DELTAS project (BF-DELTAS: Catalyzing Action Towards Sustainability of Deltaic
Systems with an Integrated Modeling Framework for Risk Assessment) is a partnership of institutions from the USA
(University of Minnesota, lead institution; University of Colorado-Boulder; Vanderbilt University; Indiana University;
City College of New York; and Conservation International); Japan (Geological Survey of Japan; and The National
Institute of Advanced Industrial Science and Technology); France (Aix-Marseille University); United Kingdom (World
Conservation Monitoring Center; University of Southampton); India (Anna University); Netherlands (Deltares);
Bangladesh (University of Dhaka; Bangladesh University of Engineering and Technology); Vietman (Vietnam
Academy of Science and Technology; World Wide Fund for Nature - Greater Mekong); Norway (Norwegian Institute
for Air Research), Germany (German Aerospace Center; United Nations University); Brazil (University of Vale do
Paraiba); Canada (Natural Resources Canada; University of Waterloo); and China (Nanjing University). The project
is focused on increasing our understanding of the physical, ecological, and socio-economic aspects of deltaic
systems which will, in turn, guide decision making to ensure sustainability and well-being of deltas in the face
anthropogenic and climate stressors.

Objectives

The goal of BF-DELTAS is to develop a science-based integrative modeling framework that can be used to

assess delta vulnerability and guide sustainable management and policy decisions at the regional and local

scales. The specific elements of the project are: (1) Delta-SRES, to develop a theoretical framework for assessing
delta vulnerability and the possibility for transitions to undesired biophysical or socio-economic states under various
scenarios of change; (2) Delta-RADS, to develop an open-access, science-based, integrative modeling framework
called the Delta Risk Assessment and Decision Support (RADS) Tool that will support quantitative mapping and
definition of functional relationships of the bio-physical environment of deltas as well as their social and economic
dynamics; (3) Delta-DAT, to consolidate data on bio-physical, social, and economic parameters into an international
repository of integrated data sets and make these readily available; (4) Delta-GDVI, to develop Global Delta
Vulnerability Indices that capture the current and projected physical-social-economic status of deltas around the
world (‘delta vulnerability profiles’); and (5) Delta-ACT, to work with regional teams and stakeholders to put

the products of Delta-SRES, Delta-RADS and Delta-DAT into action, by demonstrating the implementation of

the developed framework in three major deltas (Ganges-Brahmaputra-Meghna, Mekong, and Amazon deltas)
before extending it to other deltas around the globe.

Possible role of BF-DELTAS in the SD2015 initiative

The DELTAS project will supply the actionable research, decision-support tools, databases, as well as the
expertise and knowledge of the project’s researchers, that can help achieve the SD2015 objective of increased
awareness and attention to the value and vulnerability of deltas worldwide. The multidisciplinary and international
research team of the DELTAS project will can help promote the regional cooperation at the scientific, policy, and
stakeholder level that is necessary to achieve delta sustainability. A requirement of the DELTAS project is the
dissemination of its outputs to diverse groups of researchers, managers and decision-makers at international
meetings. When DELTAS collaborators attend these meetings, they will also have an ideal opportunity to engage
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a broad audience in discussions on SD2015 (such as at the sessions of Deltas in Time of Climate Change Il). Also, the
DELTAS project includes training of, and collaboration with students and early career researchers, which will also be
an important component of SD2015.

DD 4.3-3 DELTA ALLIANCE - FOR THE RESILIENCE OF DELTAS
WORLDWIDE

R. Peters1, R. Van den Bosch?, C. van de Guchte3, G. Vink4, W. van Driel?, T. Bucx3

1 Director of Delta Alliance, Wageningen, The Netherlands

2 Alterra, Wageningen University and Research Centre, Wageningen, The Netherlands
3 Deltares, Delft, The Netherlands

4 UNESCO-IHE, Delft, The Netherlands

Background
Delta Alliance is an international knowledge-driven network organization with the mission of improving the resilience
of the world’s deltas. With increasing pressure from population growth, industrialization and a changing climate, it is

more important than ever that these valuable and vulnerable locations increase their resilience to changing conditions.

Delta Alliance brings stakeholders involved in delta management together in order to benefit from each other’s
experience and expertise and as such contribute to an increased resilience of their delta region, building on scientific
research and practical experiences.

Delta Alliance has ten network wings where activities are focused: California Bay (USA), Ciliwung and Mahakam
(Indonesia), Mekong (Vietnam), Rhine-Meuse (the Netherlands), Nile (Egypt), Pantanal (Brazil), Ganges-Brahmaputra
(Bangladesh), Mississippi (USA), Yangtze (China) and Parana (Argentina). Some other 10 deltas have shown keen
interest to join the Delta Alliance network, notably from Ghana, Taiwan, Senegal, Kenya, Ghana, Benin, Rumania,
Myanmar, Italy, Spain.

One of the most important research activities of the Delta Alliance in the past years was a comparative assessment of
the vulnerability and resilience of 10 deltas, addressing various aspects of delta development and management of the
following deltas: Nile, Incomati, Ganges- Brahmaputra-Meghna, Yangtze, Ciliwung, Mekong, Rhine-Meuse, Danube,
San Francisco Bay and Delta, and Mississippi River. An innovative framework for delta assessment has been applied,
sufficiently generic to make this integrated approach applicable to deltas worldwide. The knowledge and research
gaps identified give ample opportunities for valuable knowledge exchange and collaborative (research) projects
between deltas. Currently this assessment is being complemented with another five deltas: Ayeyarwady (Myanmar),
Parana (Argentina), Tana (Kenia), Zambezi (Mozambique) and Ouémé (Benin).

Objectives

Research and investment in addressing the unique challenges of river delta regions are happening in many projects
and programs around the world. Delta Alliance provides a framework to support the symbiosis of these countless
activities ongoing in delta regions, reducing unnecessary overlap and identifying gaps in efforts. Delta Alliance is

a vehicle for increased cooperation between parties in river deltas worldwide, with the ultimate aim of improving
the resilience of the world’s deltas through more integrated and effective efforts, building on scientific research and
knowledge exchange.

The members of Delta Alliance together develop and share knowledge to:

- envision resilient deltas

- measure, monitor and report resilience in deltas, and
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- provide inspiration and support for improved resilience in deltas

In pursuing these goals, members strive to:

- share knowledge, expertise and best practices between deltas worldwide

- co-create and integrate knowledge across deltas, sectors and disciplines

- connect expertise and parties from throughout the watershed

- incorporate local knowledge in research and other knowledge-building activities

- provide knowledge and insight to support any use, including education, policy development, investments and
disaster response.

Possible role of Delta Alliance in the SD2015 initiative: The Delta Alliance has many linkages with other networks
and initiatives such as the Global Water Partnership strategy 2014-2018, the Belmont Forum Deltas project, the
GEF Transboundary Waters Assessment Programme, the Alliance for Global Water Adaptation, and the SIWI/UNEP
initiated From Source to Sea partnership. This will further contribute to the network and knowledge sharing activities
envisaged in the SD2105 initiative.

DD 4.3-4 LAND-OCEAN INTERACTIONS IN THE COASTAL ZONE (LOICZ) -
A FOCUS ON THE RESILIENCE OF DELTAS WORLDWIDE

R. Ramachandran, J. Day?2, E. Wolanski®

1 Chair, LOICZ, ., Germany

2 Louisiana State University, Louisiana, United States of America
3 James Cook University, Townsville City, Australia

Background

LOICZ is a core project of the International Geosphere-Biosphere Programme (IGBP) and the International Human
Dimensions Programme on Global Environmental Change (IHDP). LOICZ aims to provide science that contributes
towards understanding the Earth system in order to inform, educate and contribute to the sustainability of the
world’s coastal zone with a focus on deltas. Deltas are intensively used by humanity worldwide and are increasingly
threatened or/and modified by global environmental change as direct human impacts and climate change. They
provide biogeochemical functions, coastal protection, and a wide variety of ecosystems goods and services to
society. Deltas are maintained by a hierarchical series of energetic inputs and processes. The more energetic and
longer term forcings provide large-scale sediment input and control changes in geomorphology while shorter term
events are more important for modulating ecological processes. Deltas worldwide are experiencing intense changes
in land use, industrial pollution, urbanization, erosion and subsidence, increased storm surges and sea level rise. In
recent times, many deltas are eroding at alarming rates as victims of human actions due to the construction of dams
and levees, ports and harbors, reduced water and sediment supply, groundwater and hydrocarbon extraction, and
land reclamations.

Objectives

LOICZ is working to support sustainability and adaptation to global change in the coastal zone, with river mouth
systems, deltas and estuaries as one of the four major hotspots. LOICZ aims to improve the understanding of the
physical and human scale of these deltaic systems. Members of the LOICZ Scientific Steering Committee have
developed a network of collaborators throughout the world to undertake the following aspects of research that are
socially relevant:
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- develop estuarine/ deltaic eco-hydrology models that combines oceanography and ecology to predict the fate of
nutrients in deltas as well as the health of the delta ecosystem

- promote transdisciplinary approaches to sustainability that integrate biophysical considerations with social and
economic factors

- assess deltaic systems in the context of the external biophysical inputs of energy and materials required to sustain
them

- develop interdisciplinary indicators of coastal sustainability using co-design and co-production

In trying to achieve the above objectives, LOICZ scientists are promoting an ecosystem-based management of deltas

that underlines the need for a broad scale approach to flux and risk assessments in context of global and system

based drivers.

Possible role of LOICZ in the SD2015 initiative

LOICZ scientists are already involved in many global partnerships and linkages - key linkages include:

- Belmont Forum research on global deltas,

- the GEF Transboundary Waters Assessment Programme (GEF-TWAP)

- IW Learn (Global Water Assessment)

- Future Earth Program of ICSU

The LOICZ network is continuously expanding through the diverse Scientific Steering Committee and its Regional
Nodes, located across the globe, which will enable capacity building and knowledge sharing as envisioned in the
SD2015 initiative.

DD 4.4-1 0DEVELOPMENT OF DELTAIC AND ESTUARINE WETLANDS
UNDER DECADAL AND LONG-TERM CLIMATE VARIATIONS

Mark Schuerch!, Marcel Baechtiger!, Kristian Kumbier?, Felipe Garcia-Rodriguez2,
Silvina Carretero®, Enrique Schnack3

1 University of Kiel, Kiel, Germany

2 University of the Republic, Montevideo, Uruguay

3 National University of La Plata, La Plata, Argentina

Coastal wetland areas around the world are subject to increasing pressure by global climate change and accelerated
sea-level rise (SLR). The morphological development of coastal wetlands largely depends on the local tidal range
and sediment availability as well as the occurrence of storm events. In estuaries, tidal range and sediment availability
can significantly vary from the inner to the outer estuary and exhibit decadal and long-term variations. The riverine
sediment discharge and the occurrence of strong and extreme storm events modulate both variables to a large
extent.

In the present study, we investigate how decadal and long-term variations in river discharge and storm activity

affect the morphological development of the marshes in the Rio de la Plata (RdIP). River discharge of the major

rivers flowing into the RdIP is influenced by intense human modifications and changes in climatic variables (primarily
precipitation) in the river catchment. The El Nifio Southern Oscillation thereby appears to have a major impact on

the discharge regimes and introduces a large decadal variability on sediment availability for the marshes around the
RdIP. Our hypothesis is that such variations are particularly important for the development of the marshes in the inner
estuary that are located in the Parana delta, which is subject to annual progradation rates between 40 and 70 m/yr. In
contrast, marsh development in the outer estuary is assumed to be primarily controlled by variations in storm activity.

A
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Using radioisotope analysis, we assess the long-term vertical accretion rates and explore how decadal variability

of river discharge and storm activity affects the adaptive capacity of coastal marshes to long-term accelerated

SLR. Data from 15 coring sites around the estuary and along the Atlantic coast are used to investigate the relative
importance of variations in river discharge and storm activity on vertical accretion rates. Preliminary results indicate a
large spatial variability in the marsh morphology along the estuary. Storm-induced waves appear to play a significant
role in the development of the outer marshes on the Uruguayan side, while the availability of fine-grained sediments
seems to be more important for the marshes in the inner estuary and along the Argentinean coast. In addition to

the assessment of spatial variations of the governing hydrological and hydrodynamic drivers for estuarine marsh
development, this study also contributes to a better understanding of decadal variability in environmental drivers that
impact the long-term ability of estuarine marshes to persist under future climate conditions.

DD 4.4-2 THE ROLE OF NATURAL ACCRETION MECHANISMS IN
DELTAIC SUSTAINABILITY. THE CASE OF THE EBRE DELTA

Agustin Sanchez-Arcillal, Carles Ibafiez2, Jose Antonio Jimenez!, Joan Pau Sierral,

Nuno Caiola?

1 Lab. d’Enginyeria Maritima (LIM/UPC), Universitat Politécnica de Catalunya (UPC),
Barcelona, Spain

2|RTA, Aquatic Ecosystems Program, Sant Carles de la Rapita, Catalonia, Spain

Deltaic systems illustrate the complexity of coasts subject to marine and fluvial factors, resulting in highly dynamic
domains that are suffering a deficit in sediment supply (regulation of the catchment basin, impounded coastal
transport...). For the Ebre Delta (Spanish Mediterranean coast) the sediment flux arriving to the delta has been
reduced by more than 90%, resulting in a deltaic system that is eroding horizontally and subsiding vertically at
rates that produce significant land loss and episodic flooding. The present situation will get aggravated at decadal
time-scale due to the expected acceleration in sea level rise because of climatic change, with relative sea level rise
rates (regional component plus subsidence) well above the values for other non-deltaic coasts and an impact likely
enhanced by changes in storm patterns. The result would be further coastal re-shaping and, therefore, enhanced
vulnerability and a growing deficit in system sustainability.

Our main research question is how to promote natural accretive processes that may compensate the above
described deficits, so that the overall deltaic body becomes more resilient in the face of climatic change and
increased development pressures.

Our research results will allow quantifying how marine/riverine flooding can contribute sediment volumes that may
offset in part the deficit presented above. We shall analyse the efficiency of vertical accretion due to marine and
riverine flooding and vegetation trapping. It will be done for a highly erosive transect located at the apex of the Ebre
Delta, that will serve to present an actual illustration, based on measurements and some flux calculations, of how
natural mechanisms can contribute to the sustainability of this type of deltaic systems. The paper will present the
balance between short-term “inconveniences”(local flooding) and mid-term benefits (higher sedimentary volumes).
These benefits will become more apparent at longer time scales and under future extreme climate scenarios, a clear
message to stakeholders who look for reduced vulnerability at the short time scale and forget about the deficits at
larger scales. In the conclusions we shall discuss the social and economic benefits of a naturally-based enhanced
resilience.
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DD 4.4-4 sepiMENTATION IN THE GANGES-BRAHMAPUTRA DELTA:
NATURAL MANGROVE FOREST AND EMBANKED POLDERS

Irina Overeem?, Kimberly Rogers?1, Monowar Hossain?, Zahir-ul Haque Khan?,
Steven Goodbred3, Mick van der Wegen*

1 University of Colorado, Boulder, United States of America

2 Institute of Water Modeling, Dhaka, Bangladesh

3 Vanderbilt, Nashville, United States of America

4 UNESCO-IHE, Delft, The Netherlands

Research question

The monsoon-driven Ganges-Brahmaputra river system transports ~1 billion ton of sediment from the Himalayas

to the delta. Downstream spatial distribution of sediment flux into the deltaic distributary channel network and
deposition rates onto the floodplain and delta plain are remarkably unconstrained, yet of critical importance to the
understanding of the overall delta sediment budget and to assess the consequences of embanking the natural coastal
system.

Methodology

We numerically model daily incoming sediment flux with a distributed hydrological basin model, WBM-SED. The
model uses re-analysis climatology to calculate the water balance and routes water and sediment throughout the
Ganges and Brahmaputra drainage basins. The estimated flux provides the upstream boundary condition to the delta
and coastal zone. We use a simple approach to sediment routing over the delta distributaries and into tidal channels;
we use channel network characteristics to distinguish between three orders of channels and route suspended load
according to their planview dimensions. In the tidal delta, we reverse our simple routing scheme with sediment flux
coming from the shallow marine sediment plumes. We then use process models to calculate cross-channel sediment
flux deposited on delta islands during river flooding and tidal flooding.

Findings

Monsoonal flooding and a high tidal range are highly efficient mechanisms to re-deposit sediment onto the delta
plain, especially in areas of high channel connectivity. This finding is corroborated by our field data on sedimentation
rates in the coastal zone, which highlighted that over a single monsoonal season as much as 1 cm/yr of sediment is
deposited widespread in the tidally-controlled areas of the natural mangrove forests of the Western delta. In contrast,
embanked nearby ‘polders’ do not receive sediment anymore and channels maybe silting up as a consequence.
Preliminary field data in the fluvial-dominated reach shows higher sedimentation rates locally (~5 cm/yr), but exhibits
a more spatially varied sedimentation pattern. These results are comparable to rapid near-channel sedimentation as
indicated by the numerical modeling.

Societal importance

In 2013, the Bangladesh Government and the Worldbank launched a Coastal Embankment Improvement Project
aimed at improving the safety and agricultural productivity of existing polders. Our simplified concept helps highlight
unknowns in the deltaplain storage term in the coastal zone of the Ganges-Brahmaputra delta, built an observational
database, and ultimately is thought to inform embankment design and polder management.
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DD 4.4-5 waATER AND SEDIMENT TRANSPORT PROCESSES IN THE
ESTUARINE SYSTEMS OF THE GANGES-BRAHMAPUTRA-
MEGHNA DELTA

Anisul Haque', Munsur Rahman!, Mashfiqus Salehin!, Stephen Darby?,

Robert Nicholls?, Judith Wolf4

1 IWFM, BUET, Dhaka, Bangladesh

2 Geography and Environment, University of Southampton, Southampton,
United Kingdom

3 Department of Coastal Engineering, University of Southampton, Southampton,
United Kingdom

4 National Oceanographic Center, Liverpool, Liverpool, United Kingdom

The Ganges-Brahmaputra-Meghna (GBM) delta is one of the largest tide dominated deltas in the world. It is also one
of the most fragile, hosting important and diverse ecosystem resources including the Sundarban Mangrove forest.
The functioning of these ecosystem resources largely depends on the availability of water and sediment transported
through the complex estuarine networks of the region. In this paper we therefore use the Delft 3D and the HEC RAS
unsteady flow models to examine the transport processes of water and sediment in the GBM delta system.

The upstream sources of water and sediments for the GBM estuaries are mainly derived from the Brahmaputra

and the Ganges rivers, which together deliver around 2 trillion m?® of runoff annually. It is found that the dominant
contributor of flow for the Eastern Estuarine System (EES, 70% - 88%) is the Lower Meghna, for the Central Estuarine
System (CES, 8% - 30%) it is the Brahmaputra, while for the Western Estuarine System (WES, 0.2% - 4%) the
Ganges dominates. Analyzing the flow distribution along with the estuarine systems of the GBM delta, it is found

that the Meghna estuary is the main conduit for water and sediment transport. This system is found to be largely ebb
dominated. The tidal excursion at the entrance of the Lower Meghna estuary during the ebb is more than the length of
the estuary itself, which drains the incoming sediments to the Bay of Bengal through the mouth of the Lower Meghna.
A clockwise circulation found in the Bay of Bengal near the mouth of the estuaries particularly during the monsoon
drives sediments and freshwater in the central and western directions. The computed flow volume, tidal prism

and tidal excursion in the CES and WES show that the contribution of upstream freshwater flow in the ecologically
sensitive Sundarban area is relatively low, whereas, the water (mostly freshwater during monsoon) and sediments in
the central and western (including the Sundarban) parts are coming mostly from the Meghna estuary as a result of the
clockwise circulation mentioned earlier.

Any future change of water and sediment transport processes due to either climatic or man-made activities will alter
the equilibrium of the ecological system in this region and might affect the lives and livelihood of the large numbers of
people living in the delta.
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DD 4.5-1 E£cCOMORPHOLOGICAL EFFECTS OF HUMAN
INTERFERENCES IN ESTUARIES AND THEIR CONSEQUENCES
FOR MANAGEMENT

Tom Ysebaert!, Francesco Cozzoli2, Daphne Van der Wal2, Tjeerd Bouma?,
Peter Herman?
1 Royal Netherlands Institute for Sea Research (NIOZ), Yerseke, The Netherlands
2 Royal Netherlands Institute for Sea Research (NIOZ-Yerseke), Yerseke,

The Netherlands

Despite the growing recognition that estuaries and shallow coasts provide essential ecosystem services to the planet,
they are under increasing pressure from human activities, being amplified by global change issues like sea level rise.
In the Netherlands, the Delta works and other human interferences caused drastic changes in the estuarine and
coastal ecosystems of the Rhine-Meuse-Schelde delta. The Oosterschelde and Westerschelde, two adjacent tidal
water systems, evolved differently over the past century due to these human interventions. The Oosterschelde was
partly closed off from the North Sea by a storm surge barrier and compartmentalization dams reduced the surface
area of this tidal ecosystem. In the Westerschelde large intertidal areas has been reclaimed and the main channel
has been deepened for navigation purposes. These changes evoked changes and feedback mechanisms between
hydrodynamics and sediment dynamics, tidal flat morphology, and ecological processes.

Tidal flat and salt marsh habitats clearly responded differently in the two systems: intertidal habitats eroded/flattened
in the Oosterschelde and accreted/steepened in the Westerschelde. Also subtidal habitats changed, with increased
hydrodynamics in the Westerschelde and more calm conditions in the Oosterschelde. We used Species Distribution
Models to demonstrate that this had far going consequences for the animal and plant species inhabiting these
habitats, with redistributions and changes in species community as a consequence. Because of the feedbacks
between biotic components present (e.g. stabilizers such as oyster reefs, mussel beds, and salt marshes and de-
stabilizers such as lugworms Arenicola marina) and hydrodynamics, sediment dynamics and morphology, changes in
the occurrence of these biotic components also affects the ecomorphological functioning of these estuarine habitats.
As intertidal and shallow subtidal habitats like mudflats and salt marshes sustain coastal food webs and provide
essential ecosystem services such as coastal protection, the need for conservation of these habitats (both quantity
and quality) is increasingly recognized. The problems that arise nowadays in the Westerschelde and Oosterschelde,
together with future climate change challenges like increasing sea level rise, call for new management strategies.
Examples are given of pilot experiments to mitigate the loss/change of tidal flats (e.g. nourishments, oyster reefs as
stabilizing structures). We discuss these strategies in the light of a sustainable management of these ecosystems.
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DD 4.5-2 THE ROLE OF BIOGENIC REEFS FOR COASTAL ADAPTATION
AND CONSERVATION

Brenda Walles', Aad Smaal?, Bram van Prooijen3, Tom Ysebaert*

1 IMARES Wageningen & Aquaculture and Fisheries Group Wageningen University,
Yerseke, The Netherlands

2 IMARES Wageningen, Yerseke, The Netherlands

3 Delft University of Technology, Delft, The Netherlands

4NIOZ, Yerseke, The Netherlands

Ecosystem engineers, such as oyster reefs and salt marsh plants, are increasingly recognized as ecosystem-based
coastal protection and conservation structures in soft sediment environments. The use of ecosystem engineers is
based on the natural capacity of the organisms to temper wave action and prevent shoreline erosion, combined with
the potential to maintain their own habitat. This adaptive capacity secures the long-term sustainability of ecosystem-
based coastal protection, especially in light of accelerating sea level rise.

Within the innovation program Building with Nature three-dimensional habitat structures (oyster reefs) were
constructed on eroding tidal flats in the Oosterschelde estuary (The Netherlands) for mitigating erosion and for the
conservation of ecological services. Oyster reefs form dense three-dimensional structures which can alter water
flow and reduce wave action. They also provide other ecosystem services as they are keystone species in coastal
environments because of their ability to create habitat on which complex food webs are based.

We studied natural and constructed Crassostrea gigas reefs to investigate their impact on tidal flat morphology and
their ability to maintain their own structure. Height measurements revealed that both natural as constructed reefs
can protect the tidal flat under their footprint, as well as an area beyond the boundary of the reef itself. The latter is
determined by the dimensions of the reef, as well as local hydrodynamic conditions. Reefs are essential to the oyster
population, as they provide substrate for new generations. Maintenance of the reef structure depends on the rate at
which oysters recruit and die. Recruitment varies from year to year changing the rate of recruitment, in other words,
the addition of shell material to the reef structure. Long-lived oysters disproportionally add shell material to the reef
structure, buffering for this variation. We observed that recruitment differs over the tidal flat, with high recruitment at
long inundation periods compared to short inundation periods. This could limit constructed oyster reefs to become a
long-term sustainable reef.

An interesting, but largely overlooked ecosystem service provided by oyster reefs is their potential buffering

capacity in perspective of ocean acidification. Oyster reefs constitute significant biogenic carbonate masses in
estuaries. These biogenic carbonate masses can act as a buffer against acidification, and can become critical for the
colonization and survival of species with carbonate shells.

We evaluate the potentials and limitations of this ecosystem-based coastal defence concept and lessons learnt are
used to optimize their use in an ecosystem-based coastal defence.
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DD 4.5-3 RESTORING ERODING COASTS BY STIMULATING
SEDIMENT TRAPPING

Johan C. Winterwerp!, Bregje van Wesenbeeck!, Femke Tonneijck?
1 Deltares, Delft, The Netherlands
2 Wetlands International, Ede, The Netherlands

Worldwide, many densely populated and intensively used coastal margins suffer from erosion. In this abstract we
focus on fine sediment coasts, originally characterized by salt marshes, mangroves or other wetland ecosystems.
Erosion may occur because of sediment starvation (e.g. Mississippi delta), over-exploitation, deep ground water
winning and/or mismanagement (north-Java), or a combination of these (Indus River). Erosion is likely to worsen

in response to climate-change-induced sea level rise and increasing storminess. Stopping and reversing erosion
requires the availability of sufficient fine sediments. Fortunately, in many cases fine sediments are still abundant (as in
the larger Mississippi delta and the foreshore of north Java).

We established a simple net and gross budget of the fine sediment dynamics in the Dutch Wadden Sea and along the
coast of Suriname. Both coasts accrete, and in both cases, the net sedimentation volumes involved are much smaller
than the net and gross longshore fine sediment transport. Moreover, the net sedimentation volumes are orders of
magnitude smaller than the gross sedimentation volumes, indicating very small trapping rates. In other words, if the
trapping rate could be increases only slightly, net sedimentation on the coast would increase rapidly.

Coastal degradation is the small net result of large sedimentation and erosion volumes, the processes being induced
by tides and waves, respectively. Sediment starvation leads to a reduction in gross sedimentation volumes, whereas
for example the construction of fish ponds and removal of mangrove forests along the coast lead to reducing gross
sedimentation and increasing gross erosion volumes.

Continuing on these arguments implies that eroding coasts in sediment-rich systems can be restored by increasing
the trapping of fine sediments on the coast. This philosophy is being tested with pilots in north Java (Demak coast)
through the construction of permeable groins to create calm water conditions and thereby, increase sediment settling
and reduce sediment resuspension. Experiences with similar structures in Vietnam show that sediment trapping

is significantly increased. These first results illustrate that it may be possible to tip the net sediment balance on a
coastline with very simple and cost-effective measures that increase the trapped sediment marginally. Finding such
simple solutions is key to maintaining prosperous coastal deltas in the face of climate change.

DD 4.5-4 ovsTER REEFS FOR COASTAL DEFENSE AND FOOD
PRODUCTION: EXPERIENCE FROM BANGLADESH

M. Shahadat Hossain!, Sayedur Rahman Chowdhury1, S.M. Sharifuzzaman?,

Arjo Rothuis2, Aad Smaal2, Tom Ysebaert?

1 Institute of Marine Sciences and Fisheries, University of Chittagong, Chittagong,
Bangladesh

2 IMARES, Wageningen University, Yerseke, The Netherlands

Protection of land resources from tides, waves, storm surges and other occasional inundation events is critical in
many low-lying coastal areas particularly in the delta regions. While conventional structural engineering means such
as dykes, groins, breakwaters etc. are in place for hundreds of years and are often delivering the intended results,
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yet potential threats from accelerating sea-level rise and increasing cost of maintenance of these structures have
created room for rethinking the coastal protection paradigm with new concepts. The concept of building with nature
or eco-engineering, which is a unique approach of using ecosystems and their live organisms capable of self-
maintaining and delivering certain coastal protection services, with additional important ecosystem functions and/
or food for human populations, alone or in synergy with conventional structures, is getting momentum. At present,
however, implementation at large of this ecosystem-based strategy is still limited, and requires further research and
experimentation.

Thus, a prototype oyster reef is being tested in an erosion prone coastal area of Bangladesh to determine the
potential role of this model in coastal defense and at the same time to produce oysters in a Bangladesh context.
Initially, in 2012, the settlement of wild oyster spats on four different substrates, such as i) stone, ii) live oyster, iii)
windowpane shell, and iv) oyster shell, were investigated. The results indicated that windowpane shell was the best
substrate for spat settlement followed by live oyster, oyster shell and stone. Subsequently in April 2013, a 50 meters
long and 2 meters wide reef structure made of concrete was placed on the mudflat of Kutubdia Island, located along
the South-eastern coast, in order to provide wide substrate area for the spat to settle on as well to intervene fine
sediment dynamics. Data on spat recruitment, survival and growth, water quality, shore profiles, sedimentological
parameters are being monitored at regular interval. Early results suggest positive effects on the shore sediment
budget by the reef structure. Moreover, the number of spat increased from 0.4 spats/m? in April 2013 to a maximum
of 32.6 spats/m? in February 2014, and their average growth rate was 0.04 mm/day. These facts suggest potential
sustainability of the oyster reef over time. Other ecosystem benefits of the reef, such as habitat for shrimp and crab is
promising.

We discuss the potentials and limitations of this ecosystem-based coastal defence combined with aquatic food
production in a Bangladesh context, including societal acceptance and socio-economic aspects.

DD 4.5-5 INTEGRATION OF ECOLOGY AND ENGINEERING IN
COST-EFFECTIVE NATURE-BASED FLOOD DEFENCES

Mindert de Vries!, Bregje van Wesenbeeck?, Ellis Penning?, Wouter van der Star?
1 Deltares - HZ U. of Applied Sciences, Delft, The Netherlands
2 peltares, Delft, The Netherlands

Across the world, there is a growing realization that ecology and engineering need not be conflicting forces but can
be complementary parts of coastal defense solutions. The use of natural landscapes for flood hazard reduction is
achieved through ecosystem services, such as wave attenuation, sediment accretion, bed stabilization and services
delivered to the ecosystem or to society.

In the Netherlands, several large scale nature based flood defense projects promote the transition from traditional
engineering works to nature based flood defense approaches. They comprise complete soft sea defense solutions
to hybrid designs using wetlands as integrated part of flood defense construction. Cost benefit analyses of these
projects show positive results when compared with construction and maintenance of traditional engineering works.
The ecosystem services that are utilized are generic and will be applicable to deltas worldwide.

This presentation will summarize the state of the art on our knowledge of nature based flood defense capacities
and discuss its practical application in the Netherlands in the light of design concepts, construction and long term
maintenance. The robustness against changing physical forcing will be discussed and the presentation will explore
the practical applicability in other deltas in times of climate change.
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DD 4.6-1 couPLED NATURAL-HUMAN DYNAMICS IN THE MISSISSIPPI
DELTA

Nina Lam, Kam-biu Liu, Margaret Reams, Yi Qiang, Jun Xu, Victor Rivera-Monroy
Louisiana State University, BATON ROUGE, United States of America

Introduction

Coastal communities around the world are especially vulnerable to climate change effects. Global warming and sea-
level rise pose a serious threat to low-lying deltaic regions, raising serious concerns of how the society can plan and
maintain sustainability in these deltaic regions. This paper presents initial results of a study of the sustainability of
the lower Mississippi River deltaic region in Louisiana, USA, using a coupled natural-human (CNH) system dynamics
approach.

Research question

The lower Mississippi River deltaic region is one of the most vulnerable coasts in the continental USA. The
disappearing land is a critical problem especially along the coastline in the southern part of region. During the last
decade a gradual population and economic growth in the northern part of the study area has been observed in
contrast with a decline in the southern part surrounding New Orleans. A pressing question is: will southern coastal
Louisiana reach the tipping point where it may become too costly to sustain? If so, could the same type of economic
and ecosystem functions be gradually migrated to its northern neighbor?

Methodology

We will examine the sustainability of the lower Mississippi deltaic region using a coupled natural-human system
approach. We will first develop models to assess the resilience of a deltaic system. We will then develop a system-
level model to capture the linkages among the major components and to quantify the linkages through empirical
validation. The land loss problem is illustrated using this system modeling approach.

Research results

An initial land-cover simulation with 15 variables show that land loss will continue in the southern part of the delta,
with a projected loss of 76.8 km?2 by 2016. The study results provide a baseline condition of how and where LULC
changes in relation to the 15 variables in a vulnerable coastal region.

Societal importance for stakeholders

Finding the factors contributing to the sustainability of a deltaic region will inform the policy makers and the public on
how to increase resilience of the region and provide scenarios to better plan for the future. The study results from this
region will shed lights on policy making in other deltaic regions around the world that are faced with similar threats
and challenges from climate change.
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DD 4.6-2 towARDS HOMOGENIZATION OF MEDITERRANEAN LAGOONS
UNDER CLIMATE CHANGE

Christian Ferrarin1, Georg Umgiesser?, Andrea Cucco?, Debora Bellafiore,
Francesca De Pascalis!, Michol Ghezzo'

1 CNR-ISMAR, Venice, Italy

2 CNR-IAMC, Oristano, ltaly

In this study we investigate the hydrological response of ten Mediterranean lagoons to climate change by means of
numerical models. The lagoons are the lagoons of Venice, Marano-Grado, Varano and Lesina in the Adriatic Sea, the
Taranto basin in the lonian Sea, the Cabras lagoon in Sardinia, and the lagoons of Ganzirri and Faro in Sicily, the Mar
Menor in Spain and the Nador lagoon in Morocco. These lagoons give a representative picture of the lagoons situated
around the Mediterranean basin. The lagoons range from a leaky type of lagoons to a choked type. The number of
inlets ranges from just one in the Nador lagoon to 6 in the case of the Marano-Grado lagoons. Tidal range is from
nano-tidal to micro-tidal. The depth ranges from an average depth of 1 m to up to 40 meters.

We assess the impact of climate change on lagoons in terms of changes in the following physical properties: water
temperature, salinity, sea-lagoon water exchange and water renewal times (WRT). The last parameter deals with the
lagoon exchange capabilities with the open sea and its internal mixing capacity. It is therefore an important parameter
also for other processes, such as hydro-ecological dynamics and pollution dispersion.

Our results suggest that Mediterranean lagoons amplify the salinity and temperature changes expected for the open
sea. Moreover, numerical simulations indicate that there will be a general loss of intra- and inter-lagoon variability of
their physical properties. Therefore, as a result of climate change, one expectation will be the homogenization of the
Mediterranean transitional water systems. The predicted changes in the physical properties will certain alter the whole
lagoon biogeochemistry, with cascade effects on the biological and social systems. This study shows how numerical
modeling can be a useful tool to study the hydrodynamic changes forecasted to happen in transitional water bodies
like lagoons.

DD 4.6-3 MANAGEMENT OPTIONS TO ADAPT TO HIGH-END
SCENARIOS OF SEA-LEVEL RISE: IMPLICATIONS FOR
DELTAIC COASTAL WETLANDS

Carles Ibanez!, Nuno Caiolal, John W. Day?

1|RTA, Aquatic Ecosystems Program, Sant Carles de la Rapita, Spain

2 pepartment of Oceanography & Coastal Sciences, Louisiana State University, USA,
Baton Rouge, United States of America

We hypothesize that with a proper management fluvial-dominated deltas could survive high rates of SLR (> 1 cm yr')
that characterized the post-glacial period and will likely characterize the next centuries due to global warming. There
are three main mechanisms for deltas to cope with SLR that are self-enforcing as the rates increase, tending to
enhance the efficiency of the deltaic sedimentary trap: a) an increase in the frequency of delta lobe switching with
accelerated SLR leading to the formation of new lobes in shallow areas; b) an increase in the frequency and
magnitude of flood events in the delta plain as a consequence of an increased overflowing through the river natural
levees, leading to enhanced sediment deposition; c) an increase in the frequency and magnitude of overwash events
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in the delta fringe allowing sandy beaches to quickly adapt to SLR.

The current view is that coastal protection is the best strategy for future SLR up to 2 to 5 m, and beyond 5 m the
retreat would be the best (or the only) strategy. However, for the case of deltas a more functional adaptation strategy
based on system restoration can be envisioned provided that natural processes and ecosystem functions can

be managed to increase system’s resilience. The central element of this alternative strategy is the idea of “rising
grounds”, instead of “rising dikes”, but a combination of both can also be foreseen and may be needed in many
cases. This means that “rising dikes”will be only feasible if “rising grounds”is also implemented; if not, retreat will

be the only long-term alternative. We propose that “rising grounds”is the best adaptation strategy in most deltas for
high-end scenarios of SLR, though in some cases the option of retreating may be necessary in combination with
structural and functional measures.

DD 4.6-4 spATIAL VARIATION IN SOIL SALINITY IN RELATION TO
HYDRO-CLIMATIC FACTORS IN SOUTHWEST COASTAL
BANGLADESH

Mashfiqus Salehin!, M. Shahjahan Mondall, Derek Clarke2, Attila Lazar?,

Mahabub Arefin Chowdhury?, Sara Nowreen'

1 Bangladesh University of Engineering and Technology (BUET), Dhaka, Bangladesh
2 University of Southampton, Southampton, Hampshire, United Kingdom

A total of 1.65 million ha of land (70%) out of 2.34 million ha is affected by soil salinity within the Khulna and Barisal
divisions of costal Bangladesh. Livelihoods in Bangladesh are largely dependent on agricultural practices but
agricultural productivity in this region is lower than the national average and this is one of the major reasons for high
incidence of poverty. Soil salinity limits cultivation of rabi (dry season) crops and delays planting of kharif (wet season)
crops until rainfall reduces soil salinity. Simultaneously, river salinity and groundwater salinity pose major constraints
on irrigation water quality.

There are numerous interacting factors that influence soil salinity, including rainfall, evaporation, depth to groundwater
table, groundwater salinity, saline (tidal) river water inundation, storm surge inundation, and saltwater shrimp farming.
The relative effects of these factors are spatially variable and complex. This paper describes how the spatial variation
of soil salinity in southwest Bangladesh relates with hydro-climatic factors. The study describes analysis of published
data and trend analysis of salinity and groundwater levels and correlation - multiple regression analysis. Improved
understanding of the underlying mechanists that cause soil salinity will allow projection of future soil salinity under
different hydro-climatic and anthropogenic scenarios, including changes in rainfall, sea level rise, reduced fresh water
flow, increased irrigation withdrawals.

Fresh water diversions from the river Ganges in the western part of the study area has increased river water salinity
and this combined with seasonal variations in rainfall and evaporation play a major role in salinity build-up. A strong
correlation is found between increasing river salinity and increasing soil salinity in this area. In the eastern part of the
study area, freshwater flow from the Brahmaputra River has displaced the salinity front seawards and river salinity is
not the major contributor to soil salinity. In this region, groundwater is close to the surface during the dry season, and
soil salinity variation correlates well with groundwater depth (and salinity), rainfall and evaporation.

Projections of future sea level rise may impact soil salinity in the eastern part through increasing groundwater levels,
and in the western part through increasing river salinity.
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DD 4.6-5 New CARBON MARKET PROCEDURES RECOGNIZING THE
VALUE OF DELTA WETLANDS

Igino Emmer!, Steve Emmett-Mattox2, Brian Needelman3, Steve Crooks PhD4,
Moritz Von Unger!

1 Silvestrum, Jisp, The Netherlands

2 Restore America’s Estuaries, Arlington, United States of America

3 University of Maryland, College Park, United States of America

4 ESA PWA, San Francisco, United States of America

Research question

‘Coastal blue carbon’ refers to the contributions of coastal and delta wetlands to the global carbon cycle. These
wetlands sequester carbon dioxide from the atmosphere and store it as biomass and soil carbon. Through carbon
markets, blue carbon represents a means to valuate these ecosystems supporting the funding of their long-term
sustainable management. Carbon markets require science-based greenhouse gas accounting for restoration

and conservation, addressing e.g. the fluxes of methane and nitrous oxide and the fate of allochthonous and
autochthonous carbon in wetland soils, the effects of hydrological connectivity with adjacent areas, and of sea level
rise. Scientific methods too burdensome for practical implementation in coastal management may be replaced with
conservative default values and simplifications or proxies, as presented in this paper.

Methodology

Eligible blue carbon projects must set project boundaries, determine baselines and quantify emission reductions.

We explored how current scientific knowledge can be integrated into these concepts, focusing on their usability and
affordability in coastal wetland management. Datasets of methane and nitrous oxide fluxes under various conditions
were analyzed for thresholds and default factors that simplify GHG accounting. From literature on transportation and
fate of soil organic carbon in coastal wetlands systems we derived an approach accounting for allochthonous carbon
in a project’s claim to net carbon sequestration. We formulated ways for projects to assess the effects of sea level
rise.

Research results

The full results of our work are captured in GHG accounting methodologies submitted to the Verified Carbon Standard
(www.v-c-s.org). In this paper we summarize the VCS requirements for wetlands restoration and conservation and
how a blue carbon project can meet these. We emphasize practical simplifications identifying default factors and
proxies and point to still existing challenges.

Societal importance for stakeholders

Restoration and conservation of coastal ecosystems brings benefits that support the livelihood of local communities,
improve fisheries, and reduce risk of flooding,. However, available funds for these activities are overwhelmed by
demand.

The methodology outlines procedures to estimate net GHG emission reductions and removals that underlie the
generation of carbon credits, which are one way of giving blue carbon access to markets.
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DD 4.7-1 oN THE FLOOD PROTECTION VALUE OF ESTUARINE AND
DELTAIC WETLANDS: LOCAL EXAMPLE AND GLOBAL
POTENTIAL

Stijn Temmerman?, Sven Smolders?2, Jeroen Stark1, Patrick Meire!
1 University of Antwerp, Antwerp, Belgium
2 Flanders Hydraulics Research, Antwerp, Belgium

Research question

Low-lying densely populated deltas and estuaries are world widely exposed to flood risks caused by storm surges.
Global change is increasing these flood risks through accelerating sea level rise and increasing storm intensity.
Furthermore, local-scale human impacts on deltas and estuaries are in many cases even more increasing the
vulnerability to floods. Particularly, we address here the degradation and reclamation of tidal wetlands (i.e. temperate
zone salt marshes and tropical mangroves) as a major reason for increasing vulnerability to flooding of estuarine

and deltaic urbanized areas. We identify key factors that determine the extent of flood mitigation by tidal wetland
conservation and restoration, and explore the potentials and limitations for global application of this approach of
ecosystem-based flood mitigation.

Research results

First, we use the Scheldt estuary (Belgium and SW Netherlands) as an example where historic wetland reclamation
has contributed to increasing flood risks, and where nowadays tidal marsh restoration is put into practice on a large
scale as part of the flood defense system. Based on field data and hydrodynamic modelling, we show that the
presence of large marshes results in a landward decrease of tidal and storm surge levels, because marshes increase
the water storage capacity and increase the friction to landward propagating floods. The data and model simulations
demonstrate that the reduction of tidal and storm surge flood levels throughout the estuary depends on the tidal
marsh properties, including the surface area, elevation, vegetation and position of marshes along the estuary, and on
properties of the storm surge, including peak water level and duration.

Secondly, a global analysis is presented of the potential application of tidal wetlands in flood mitigation in estuaries
and deltas worldwide. Many of the largest urban populations that are at risk from coastal flooding are located in large
deltas and estuaries, especially in Southeast Asia, North America and Europe. We show that many of these vulnerable
deltaic areas are potentially well suited to include wetland conservation and restoration as an essential part of
adaptation and mitigation strategies against storm surge flood risks.

Societal importance for stakeholders

The presented scientific insights should motivate governmental authorities and industry towards the larger-scale
implementation of wetland conservation and restoration programs as an essential part of flood defense systems in
deltas and estuaries worldwide. Societal benefits and potential obstructions to the large-scale implementation are
discussed based on recently implemented case examples.
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DD 4.7-2 B10-GEOMORPHIC SHIFTS AND STABLE STATES IN
INTERTIDAL FLATS AND MARSHES

Chen Wang, Stijn Temmerman
University of Antwerp, Antwerp, Belgium

Research question

The intertidal zone of deltas, estuaries and coastal embayments consists of either vegetated high-elevation marshes
(or mangroves in the tropics) or non-vegetated low-elevation flats. Large-scale shifts between bare flats and
vegetated marshes have been reported worldwide. It is of significant importance to understand and predict such
transitions, because tidal flats and marshes provide different ecosystem services to coastal societies. Previous
modeling studies suggest that the ecological theory of catastrophic shifts between alternative stable ecosystem
states potentially explains the transition between bare flats and vegetated marshes. However, up to now only few
empirical evidence exists. In our study, the hypothesis is empirically tested that vegetated marshes and bare tidal flats
can be considered as stable landscape states with rapid shifts between them.

Research results

We studied historical records (1930s - 2000s) of intertidal elevation surveys and aerial pictures from the
Westerschelde estuary (SW Netherlands). Our results demonstrated the existence of: (1) bimodality in the intertidal
elevation distribution, i.e., the presence of two peaks in the elevation frequency distribution corresponding to a
completely bare state and a densely vegetated state; (2) the relatively rapid transition in elevation when intertidal
flats evolve from bare to vegetated states, with sedimentation rates that are 2 to 8 times faster than during the stable
states; (3) a threshold elevation above which the shift from bare to vegetated state has a high chance to occur.

Our observations demonstrate that low-elevation bare flats and high-lying vegetated marshes behave as stable
ecosystem states and demonstrate the abrupt non-linear nature of shifts between the bare and vegetated states.

Societal importance

Intertidal flats and marshes provide important ecosystem services to society including storm flood and erosion
protection, food production, water quality regulation and carbon sequestration. The presented insights on the stability
and abrupt shifts between bare flats and vegetated marshes have implications for the sustainable management

of intertidal flats and marshes, i.e. it demonstrates that these ecosystems are relatively stable but once critical
thresholds are exceeded, they may rapidly transform towards another stable state and it may be very difficult to
restore the system to the original state.

DD 4.8-1 MODELING COASTAL DUNE DEVELOPMENT UNDER
CLIMATE CHANGE

Joep Keijsers!, Aima De Groot2, Michel Riksen?
1 Wageningen University, Wageningen, The Netherlands
2 IMARES Wageningen UR, Den Hoorn, Texel, The Netherlands

In the Netherlands, a large part of the coastline consists of sandy beaches and coastal dunes. The beach-dune
systems provides valuable ecosystem services, such as flood protection, nature development and drinking water
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extraction. In the light of recent climate scenarios and sea-level rise projections, important changes may occur in the
processes governing the growth and erosion of coastal dunes. Within the framework of the Knowledge for Climate
project theme 1: Climate Proof Flood Risk Management, this study investigates the effects of changing environmental
conditions on the development of coastal dunes and the implications for coastal safety.

To simulate effects of climate change on coastal dunes, a computer model was developed that incorporates climate-
dependent processes relevant for dune building and erosion. The model builds on the sand transport algorithm

of Baas (2002) and Nield and Baas (2008). This spatially explicit model simulates coastal dunes on a timescale of
decades. The dominant processes and controls to be included were determined on the basis of measurements. After
including these processes, the model was calibrated and validated with yearly elevation data of the Dutch coastline.
Projections of wind climate, sea level and storm frequency were taken from recent climate scenarios and were
translated to model input.

The preliminary results of the model show that the most important processes are captured and that validation results
compare well with measurements. Simulations of future developments show how sea level determines the extent to
which dunes are able to expand horizontally. With a steady rise in sea level, the dunefoot retreats, reducing the width
of the dunes. Similarly, an increase in storminess leads to increasing erosion and landward retreat. Further simulations
and done to explore effects of climate change on dune development.

This study highlights the importance of the balance between dune growth and erosion. This balance is positive

only for a certain range of environmental conditions. However, nourishments can be applied to change the balance.
For each climate scenario, critical nourishment levels were determined such that the functionality of the various
ecosystem services can be maintained. Furthermore, the model can provide coastal and nature managers with details
on the expected morphological developments of a beach-dune system.

DD 4.8-2 MANAGED REALIGNMENT: A SUSTAINABLE APPROACH
TO RESTORE COASTAL HABITATS AND MANAGE FLOOD RISK?

Luciana S. Esteves
Bournemouth University, Poole, United Kingdom

Climate change and environmental and financial concerns have led to a shift from the ‘hold-the-line’ approach of
coastal protection towards more flexible soft engineering options. Managed realignment is increasingly seen as an
alternative to hard engineering able to provide sustainable flood risk management with added environmental benefits.
In Europe and elsewhere existing national and regional plans promote the implementation of managed realignment

as a climate change adaptation required for the sustainability of coastal habitats and their capacity to deliver
ecosystem services. In England and Wales, for example, Shoreline Management Plans foresee 10% of the coastline
length to be realigned by 2030 and 15% by 2050. Effective adaptation strategies require the understanding of two
different processes: how the natural environment will respond to changes and the factors influencing societal uptake.
Managed realignment invariably involves changes in land use/land cover and it is timely now to assess what is known
about: (a) public perception and (b) the potential impacts on the delivery of ecosystem services.

Managed realignment is a relatively new soft engineering approach aiming to maximise environmental and socio-
economic benefits by creating space for coastal habitats to evolve more naturally. It is key to the concept of managed
realignment the natural adaptive capacity of coastal habitats (i.e. the ability to dynamically adjust to changing
environmental conditions) and the ecosystem services they provide (i.e. the benefits society gain from the presence of
functional ecosystems). The great attraction to managed realignment is the opportunity to promote multiple functions,
such as creation of coastal habitat, increased biodiversity, protection against storms, recreation, carbon sequestration
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etc. Evidence of performance based on monitoring of existing managed realignment projects is still limited and so far
indicate variable results, in some aspects dependent on site-specific characteristics, including method of managed
realignment implementation.

Based on comprehensive literature review, this study will summarise the current understanding of managed
realignment achievements and limitations regarding the delivery of ecosystem services. Outcomes from the literature
review will be discussed in relation to perception of stakeholders (obtained from a social survey in the UK) to identify
in what aspects practical knowledge contrasts with stakeholders perceptions. Studies from many countries indicate
that negative public perceptions and poor stakeholder engagement are main obstacles to the wider implementation
of managed realignment. Therefore, understanding the differences between stakeholders and practitioners can

help improve current practice and guide educational campaigns and engagement efforts aiming to increase public
acceptance.

DD 4.8-3 CONSERVATION AND DEVELOPMENT OF WADDEN SEA SALT
MARSHES AS A LONG-TERM ADAPTION STRATEGY

Jantsje van Loon-Steensma’, Zhan Hu?, Pieter A. Slim3
1 Wageningen UR, Wageningen, The Netherlands

2TU Delft, Delft, The Netherlands

3 Alterra, Wageningen, The Netherlands

Concern about the effects of climate change triggered extensive research efforts to understand and predict the
impacts of climate change and to search for sustainable and flexible strategies to adapt to the foreseen effects. This
also applies to the Wadden region. At present, the northern part of the Netherlands is protected against flooding from
the Wadden Sea by some 227 km of dikes. Along several dike stretches extensive salt-marsh areas are present. This
leads to an increased interest for their potential role in a long-term adaptation strategy for the Wadden region.

This paper elaborates on the potential of salt-marsh preservation and development for coastal defence in relation to
their biodiversity value in the Wadden area. The following research questions are investigated in two case studies: 1)
what are the effects salt marsh conservation measures on the extent as well as on composition of salt-marsh habitats,
and 2) what is the impact of these measures on the flood protection value of salt marshes.

Analyses of a series of aerial photographs showed that erosion protection at the Wadden barrier islands of
Terschelling and Ameland resulted in a strong reduction in marsh edge retreat and, within decades, in the restoration
of new marsh area with typical salt-marsh vegetation covers.

Modelling work (with SWAN) revealed that the wave-damping capacity of such a restored salt marsh is related to both
elevation and width, and additional to plant characteristics. A salt marsh covered with a dense and rigid vegetation of
relatively high and thin plants is several times more effective in wave height reduction (under moderate water depths)
than an unvegetated salt marsh. These results imply that a vegetated salt marsh in front of the dike leads to reduced
wave attack on the dike.

Although there are still many questions concerning dimensions, management, and performance, a vegetated salt
marsh is an interesting option to adapt existing flood protection works to the effects of climate change. Furthermore,
under favourable conditions, species composition in the newly formed marshlands will be comparable with that in
natural pioneer salt-marsh zones. However, the modelling work indicates that spatial distribution of the different plants
can have a considerable impact on wave damping. Therefore attention should be paid to vegetation management and
maintenance issues.
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DD 5.1-1 ToOWARDS REFLEXIVE ADAPTATION AND RESILIENT
COASTAL COMMUNITIES

Bruce Glavovic
Massey University, Palmerston North, New Zealand

The central question explored in this presentation is: What is required to build the adaptive capacity, resilience and
sustainability of coastal communities in the Anthropocene? Insights are drawn from case studies in a forthcoming
book, Climate Change and the Coast: Building Resilient Communities. A number of common themes are identified

as important characteristics of an effective response to climate change that proactively builds adaptive capacity

and resilience and fosters sustainable coastal development. On the evidence of these case studies, it is concluded
that adaptation at the coast would benefit from being responsive, deliberative, transformative, holistic, integrative,
inclusive, equitable and empowering. These characteristics are developed into a conceptual framework that is termed
‘reflexive adaptation’ that will help communities better understand and address distinctive features of the challenge
presented by climate change. A set of priority actions, also drawn from the case studies, is outlined to help guide
coastal communities translate this concept of reflexive adaptation into practical reality. A final encouraging conclusion
that can be drawn from the case studies is that the process of social learning required to adapt to a changing climate
is well underway. The challenge is to convert adaptation barriers into enablers of change. This is a monumental task,
but, as the case studies show, momentum is growing to chart new adaptation pathways.

DD 5.1-2  CLIMATE PROOF CITIES - HOW DUTCH CITIES CAN PREPARE
THEMSELVES FOR CLIMATE CHANGE IMPACTS

Peter Bosch', Ronald Albers?, Bert Blocken?, Bert van Hove3, Tejo Spit4,
Andy van den Dobbelsteen®

1TNO, Utrecht, The Netherlands

2 University of Technology, Eindhoven, The Netherlands

3 Wageningen University and Research, Wageningen, The Netherlands

4 Utrecht University, Utrecht, The Netherlands

5 University of Technology Delft, Delft, The Netherlands

Research question

Four years of urban adaptation research in the Netherlands has resulted in a host of policy relevant conclusions. The

main question of the large scale research programme ‘Climate Proof Cities’ was: how can Dutch cities prepare for the
impacts of climate change, with sub questions on the functioning of the urban climate system in the Netherlands, the
impacts of climate change on and the vulnerability of cities, adaptation options in urban and building design, and the
introduction of climate change adaptation in urban planning processes.

Methodology

A large part of the research (measuring/interviewing, modelling, designing) was executed in case studies together
with the big cities in the Netherlands. Special attention was given to the integration of the research results and the
communication to stakeholders.
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Results

All cities in the Netherlands, big and small, appear to be vulnerable for the impacts of climate change. Analysis of
satellite images reveals that a surface temperature urban heat island (UHI) exist also in smaller towns. Additional
model outcomes reveal that the conductive heat flux is a major factor in the development of the night time ambient
temperature UHI, as detected through fixed and mobile measurements. Vulnerability for extreme rainfall events is
largely determined by thresholds that can be exceeded in all built up areas.

The pattern of vulnerability within cities has a high spatial variation, depending on the location of vulnerable groups
or objects, the qualities of buildings, and the structure of the neighbourhoods. For the last, the degree of paving, the
amount of green spaces and the building density are determining factors.

Increasing the resilience of cities can be done by employing localized adaptation options, often requiring cooperation
between private and public stakeholders. A few of the urban adaptation options, such as green roofs or building
isolation appear to be less effective in the Dutch circumstances than generally suggested. Most adaptation options
can be included in urban renovation or restructuring projects, providing additional positive effects on the urban living
conditions. In short: increasing the resilience of cities consists of an accumulation of many relatively small and not
too costly measures. To ensure their implementation, mainstreaming of adaptation in other urban policy areas will be
necessary.

Societal importance
These conclusions support the development of national policies under the Deltaprogramme, provide underpinning of
urban adaptation strategies, and cost-efficient selection and implementation of adaptation options.

DD 5.1-3  THE UCCRN ASSESSMENT REPORT ON CLIMATE CHANGE
AND CITIES: GUIDELINES FOR DEVELOPING CLIMATE
CHANGE STRATEGIES

Stelios Grafakos!, Patrick Driscoll2, Reimund Schwarze3, Chantal Pacteau?,

Cynthia Rosenzweig®, Somayya Ali®

1 Institute for Housing and Urban Development Studies, Erasmus University
Rotterdam, Rotterdam, The Netherlands

2 Aalborg University, Copenhagen, Denmark

3 UFZ Leipzig, Leipzig, Germany

4 French National Center for Scientific Research (CNRS), Paris, France

5 Columbia University, New York, United States of America

The lack of scientific knowledge often constrains cities and urban policy makers when they develop and implement
local climate change action plans and strategies. The Urban Climate Change Research Network (UCCRN) is a global
network of urban researchers and experts in the field of climate change that provides scientifically sound decision
support to cities to tackle climate change and its impacts. The aim of this paper is to present some results from the
initial work of the UCCRN Second Assessment Report on Climate Change and Cities (ARC3-2). Drawing lessons
from selected examples, the paper illustrates the need and importance of building a robust climate knowledge base
in cities to support them in developing short term climate change actions and long term strategies to address both
climate adaptation and mitigation while at the same time looking at synergies with sustainability agenda. The paper
applies a multi-scalar perspective to analyze and discuss the main challenges that cities face when developing
climate change actions and strategies as they have been identified in selected case studies. These challenges
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are classified and analyzed according to different multilevel scales such as spatial, temporal, jurisdictional and
managerial. Specific attention is drawn to the immediate short-term costs and (co-) benefits that certain actions
generate while at the same time addressing long-term climate adaptation objectives. Currently applied methods

of project and program procurement are not conducive to the inclusion of co-benefits, particularly non-monetized
ones. For instance, it is very difficult to make the investment case for more green infrastructure, since the existing
procurement framework for the water sector mandates that municipalities must choose the cheapest option. The
paper discusses the experiences of different cities while developing climate change action plans to address both
short-term and long-term climate risks and multiple benefits. Based on these experiences we have drafted a set
of guidelines to support cities in developing climate change strategies with a clear focus on the science - urban
policy making interface. The paper significantly contributes to the understanding of the interface between urban
policymakers and researchers. Furthermore, it emphasizes the importance of building a multi-stakeholder knowledge
base and support to cities for developing short-term climate change actions and long-term strategies with multiple
benefits for the cities’ inhabitants.

DD 5.2'1 NEW CHALLENGES FOR ADAPTIVE URBAN GOVERNANCE IN
HIGHLY DYNAMIC ENVIRONMENTS: REVISITING TOOLS AND
STRATEGIES

Joern Birkmann, Matthias Garschagen, Neysa Setiadi
United Nations University, Institute for Environment and Human Security,
Bonn, Germany

The paper explores new challenges for adaptive urban and spatial governance in highly dynamic environments. It
examines whether or not we have to rethink existing planning systems and tools in the context of climate change,
natural hazards and societal transformation, focusing particularly on coastal and delta environments in emerging
economies in Asia. Key pressures for urban governance and planning in these settings are explored. Against this
background requirements for a more adaptive and strategic planning approach are discussed by examining the
discourses about climate change adaptation - including adaptive urban governance - and strategic planning.
Compared to earlier papers on urban governance in the context of climate change, this paper aims particularly to
provide an entry point for the discussion of the adjustment and modification of specific planning systems and tools.
Two case studies are used for a concrete exploration of the gaps and challenges of adaptive urban governance

on the ground, considering particularly formal regulative planning tools. The findings from the case study analysis
show opportunities but also constraints of existing planning tools to strengthen adaptive urban governance. At the
same time, a number of gaps have been found between currently debated planning tools for adaptation and the
requirements emerging from adaptive and strategic planning theory. Recommendations to further strengthen adaptive
urban governance and strategic planning are derived.
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DD 5.2'2 PRELIMINARY STUDY FOR AN ENVIRONMENTAL IMPACT
ASSESSMENT OF FLOATING CITIES

Hannah Hartwichl, Barbara Dal Bo Zanon?
1 University of Potsdam, Potsdam, Germany
2 pDeltaSync, Delft, The Netherlands

Research question

An integrated floating city concept proposes to expand existing delta cities using space on the water for floating
urban construction and food production, while including measures against eutrophication. In this study, the
environmental impact of several aspects of floating developments will be assessed, in preparation for a detailed
environmental impact assessment of the project (EU Directive 2011/92/EU). The research includes a comparison of
the environmental impact of floating and land based developments.

Methodology

The cause, extent and reversibility of environmental impacts of floating cities are assessed, knowledge gaps are
indicated and design and monitoring recommendations are developed. The impact of land and water based urban
development are then compared. Impacts are grouped in two categories: the first one includes impacts resulting from
the use of space and surface, the second consists of impacts that are caused by protection measures, which are
necessary to ensure the safety of urban settlements from environmental hazards.

Research results

The floating city concept can have positive impact on the environment, if negative impact is mitigated. Floating
platforms can change the current flow, serve as habitat for macrobenthos, cause local climate change and obstruct
sunlight, leading to the formation of an anaerobic zone under the platforms. Moreover, the novel habitat around
floating platforms can facilitate the invasion of alien species and act as an ecological trap for others. Chemicals, light,
noise and thermal pollution cause additional impact.

The comparison of urban development on land and water allowed identifying the benefits and risks of both
urbanization methods. The impact of the use of both methods should be assessed and compared for each specific
location, to find the environmentally beneficial method for the future expansion of coastal cities. This study can be
used as a guideline for that purpose.

Societal importance for stakeholders

Currently, over half of the world’s population resides in cities. The total urban area is expected to triple between 2000
and 2030 and is expanding especially fast in biodiversity rich coastal zones (Convention on Biological Diversity, 2012).
Challenges for the future development of coastal and delta cities are not only to find strategies to face problems

as sea level rise, eutrophication and land scarcity, but also to reduce the pressure on ecosystems. It is therefore
important to assess new options for the future expansion of cities, allowing to find the best possible solution for each
specific location.
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DD 5.2-3 REEVALUATION OF HIGH STANDARD LEVEES ALONG
THE ARAKAWA RIVER AS UPLAND EVACUATION AREAS
IN THE LOWLANDS OF TOKYO

Hitoshi Nakamural, Takaaki Kato?
1 Shibaura Institute of Technology, Saitama, Japan
2 The University of Tokyo, Tokyo, Japan

The purpose of this study is to examine the land use of super levees along the lower reaches of the Arakawa River in
Tokyo, and consider the need for reevaluation of super levees as upland evacuation areas in the event of a large scale
flood in a low-lying area. A super levee is a high standard river embankment with a broad width. The ownership of
the land on the super levee special development zone remains unchanged after the project. This special zone can be
used for urban land use. Because a super levee project is often promoted in conjunction with an urban development
project along the river, the creation zone will exist discontinuously for an extended period of time.

The population in low-lying areas in Japan’s three major metropolitan areas of Tokyo, Osaka, and Nagoya, is said to
be more than four million in total. These areas have been exposed to flood risks and the risks have been increasing
due to climate change. Several tens of thousands of people cannot be assumed to be able to evacuate even if all

tall buildings are assumed to be evacuation places. Therefore, especially in low-lying areas, it is necessary to create
spaces that inhabitants can evacuate safely to in the event of a large-scale flood. In this view, each super levee can
also be utilized as a large-scale upland evacuation area.

In the lower reaches of the Arakawa River, super levee projects have been complete or are in progress at 15 sites. The
scale and land use of these super levees varies. Analyzing the possible evacuation spaces on the super levee, and
evacuation routes to them in the event of a large-scale flood, we selected nine super levees along the Arakawa River.
Seeing the ratio for possible evacuation spaces on the total upland area, super levees including high rise apartments
tend to be higher than 100%. If possible evacuation spaces include public parks, the ratio tends to be about 70% to
90%. On the other hand, the ratio of detached house residential area type tends to be lower.

From the above examinations, we conclude that if further detailed analysis of possible evacuation spaces on the
super levee and evacuation routes will be undertaken, super levees are able to function as upland evacuation areas in
the event of a large scale flood in a low-lying area.

DD 5.2-4 THE ADAPTATION SUPPORT TOOL FOR CLIMATE RESILIENT
URBAN DESIGN & PLANNING

Frans van de Venl, Robbert Snep?, Bas van de Pas
1 Deltares, Utrecht, The Netherlands
2WUR - Alterra, Wageningen, The Netherlands

Research question

The added value of urban green and blue (water) is yet not fully utilized in current city climate adaptation practices.
Urban planners, designers, and decision-makers, lack knowledge and confidence in urban green and blue adaptation
measures, despite their recorded performance. Moreover, urban green and urban blue are often separately dealt with.
How can barriers for integrated implementation be overcome, and how to enable urban communities to benefit from
urban green and blue adaptation practices?
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Methodology

The EU Blue Green Dream project combines the strengths of 15 academic and business partners in the UK,
Netherlands, France and Germany to bridge the gap between scientific insights and practical approaches regarding
blue/green’s climate adaptation (www.bgd.org.uk). We collected performance data on control of flooding, drought and
heat stress for a range of blue/ green measures at scales ranging from green roofs to urban lakes. Their applicability
under specific local conditions was specified. This information is disclosed in a support tool for the planning process.
The tool was developed in close cooperation with the end users and tested in several cases.

Research results

The Adaptation Support Tool (AST) offers urban planners, designers, developers and local actors assistance in

the selection and packaging of urban blue/green measures in their city adaptation plans. More than 40 green
adaptation measures are included in the AST, next to ‘grey’ solutions. The AST results are presented on a touch table,
enabling parties to explore design options in a collaborative process. First, the AST ranks the adaptation measures
on implementation suitability, based on local conditions of the project area. Next, the tool supports formulation

of attractive packages of adaptation measures. The tool produces performance indicators on flood protection,
groundwater recharge, droughts resilience, heat stress reduction, water quality impacts, costs and benefits of this
package. These indicators are shown on a dashboard on the touch table. The co-creative design effort results in
two or three alternatives that require further elaboration, taking dynamic effects into account. This includes runoff,
hydraulic and groundwater modelling of extreme weather conditions. Costs and benefits of alternatives are made
comparable so that final decisions can be made on the adaptation plan.

Societal importance for stakeholders

Integrated approach to reducing risks of flooding, drought and heat stress;

Quickly explore the benefits of urban green and blue adaptation measures for your project;
Co-creating climate resilient spatial plans using a touch table environment.

DD 5.2-5 THE CLIMATE ADAPTATION APP - PROVIDING FEASIBLE
CLIMATE ADAPTATION MEASURES

Leon Valkenburg!, Martijn Steenstra?, Reinder Brolsmas3, Stijn Koole?,
Frans Van de Ven3

1 Witteveen+Bos, The Hague, The Netherlands

2 Grontmij, Houten, The Netherlands

3 Deltares, Delft, The Netherlands

4 Bosch Slabbers, Den Haag, The Netherlands

Research aim

Numerous books and methods have been developed on climate change adaptation. Very few are able to provide
insight in feasible measures for a specific project and local conditions. The objective of this project was to develop a
tool which is able to do this and inspire to create a more climate robust and resilient urban environment. Therefore,
we developed an app with a technically sound basis, which is able to identify and possibly rank feasible climate
adaptation measures within a minute.
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Research results

The design of functionality of the app was made based on previous research projects, like the Living with Water
project Water Robust Building. The ambitions and expectations were defined together with stakeholders. A technically
sound selection and ranking framework has been developed that includes criteria on climate change adaptation
targets, soil type, land use, landscape conditions and user preferences. Next, the database containing 120 measures
has been developed as input for the app and all measures were ranked on the criteria listed above. The framework
was used as basis for the app and has been implemented in JQuery Mobile and Javascript. The app offers all
functionality described above and additional descriptions of the measures, images and photos on the 120 measures.
The app has been successfully tested in workshops with the municipalities of Delft and Rotterdam the province of
Utrecht. In addition the app has been tested in Copenhagen and feedback has been used from Ho Chi Minh City
and New Orleans. Although the app can be used in cities around the world, climate information on three pilot cities is
included: Rotterdam, Ho Chi Minh City and New Orleans.

Planned future development focuses on retrieving local conditions from globally available datasets and further
tailoring the app for cities on detailed local conditions.

Societal importance for stakeholders

The climate adaptation app gives urban designers, engineers and other stakeholders in urban development projects
insight in feasible measures for a project with a specific climate adaptation goal. The app generates a selection and
ranking of feasible climate adaptation measures based on a few choices on project type and local conditions, making
it possible to apply the app in workshops and training settings. If for instance, an urban development in a flood plain
is to be prepared for river flooding, the app will rank feasible measures based on the local conditions and the user’s
input.

DD 5.2'6 PLANNING TOOLS AND DESIGN STRATEGIES FOR INTEGRATED
STORMWATER MANAGEMENT

Elke Kruse
HafenCity University Hamburg, Hamburg, Germany

Research question

Several cities worldwide are developing adaptation concepts to address changing precipitation patterns. However,
only few cities simultaneously recognize the transformation process of their drainage system as an opportunity to
enhance the existing urban fabric. The objective is to analyze what kind of planning tools and large-scale design
strategies these cities are using to achieve an integrated stormwater management in public space. Furthermore, the
conditions under which these design strategies can be applied to other cities will be described.

The following three case studies were chosen for the analysis: Rotterdam, New York and Singapore. The analysis is
based on the assessment of corresponding plans and publications as well as on interviews with various actors.

Research results

New York amends its sewer system which is in need of renovation by introducing a green network in public space. It
infiltrates, retains, evaporates, and purifies runoff. The area-wide Green Infrastructure Plan highlights implementation
possibilities and serves as a cost-benefit-analysis for decision-making.
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In Singapore, tropical rain has hitherto been discharged into open concrete channels as soon as possible. In recent
years, however, this method has been rethought and replaced by a blue-green network. For this purpose, open space
master plans have been created to improve the water bodies.

Rotterdam aims to temporarily store as much runoff as possible to provide flood protection in the case of an extreme
precipitation event. Due to the high groundwater table and the dense urban fabric, a temporary blue network is
created by flooding sealed areas such as urban squares in a controlled manner. Waterplan 2 provides the necessary
requirements for doing so.

Common to all cities is the interdisciplinary analysis of the hydrological, urban and landscape planning situation at the
city-wide level to identify priority areas. An overall concept with corresponding objectives and guidelines defines the
design strategies that come into effect at all planning levels.

Societal importance for stakeholders

The implementation of integrated adaptation concepts contributes to sustainable urban development. By implementing
large-scale design strategies, space for water is created in different ways and the quality of life within the cities
improved. These approaches can be applied to other cities and are particularly suited to municipalities already showing
drainage problems and/or heightened susceptibility to the impacts of climate change. In cases where public space is
characterized by quality deficits or a lack of open space is observable, an integrated approach should be adopted.

DD 5.2-6a urBAN CLIMATE CHANGE RESEARCH NETWORK:
NEW APPROACHES TO CLIMATE CHANGE, WATER, AND CITIES

Cynthia Rosenzweig
NASA GISS/Columbia University, New York, United States of America

Cities are emerging as the ‘first responders’ to climate change in both adaptation and mitigation. Their efforts are
playing a role in catalyzing national and international responses as well. The Urban Climate Change Research
Network (UCCRN), a consortium of over 450 scholars and practitioners in developing and developed country

cities around the world, was established in 2007 to enhance science-based decision-making on climate and other
sustainability related issues in urban areas around the world. The UCCRN'’s first major publication is the First UCCRN
Assessment Report on Climate Change and Cities (ARC3), which represents a four-year effort by ~110 authors from
50+ cities around the world, and is the first ever global, interdisciplinary, science-based assessment to address
climate risks, adaptation, mitigation, and policy mechanisms relevant to cities. The UCCRN has initiated the process
of developing the Second UCCRN Report on Climate Change and Cities (ARC3-2), to facilitate ongoing and active
learning and to continue providing practical, evidence-based guidance for city decision-makers. Presented here are
new approaches for responding to climate change in cities, emerging through the work of the UCCRN and the ARC3-
2 report, with a particular focus on urban water and wastewater systems. Formal and informal water supply services
are highly vulnerable to drought, extreme precipitation, and sea level rise, and a range of adaptation measure will be
required to insure the safe functioning of water supplies, especially in coastal regions.




ORALS Deltas in Depth Theme 5:
Session DD 5.3

DD 5.3'2 MAINSTREAMING SOCIAL PARTICIPATION INTO ASSESSING
RESILIENCE TO CLIMATIC HAZARDS FOR LAND USE
MANAGEMENT IN TAIWAN

Hung-Chih Hung, Ching-Yi Yang, Chang-Yi Chien
National Taipei University, New Taipei City, Taiwan

Research question

As urban and metropolitan development become increasingly stressed with climate change, the ability to face these
stresses, adapt to the unfolding changes and to build more resilient communities becomes critical for developing
countries. However, challenges remain for metropolitan agencies in the identification and development of components
and metrics for measuring resilience. Particularly, uncertainties in climate change phenomenon and diversification of
localized contexts compel urban planners to incorporate stakeholders’ participation, indigenous knowledge and local
attributes into resilience assessment. This article aims to propose a novel methodology for assessing resilience, which
can encourage social participation and communicate planner to shape metropolitan land use management policies to
reduce climatic hazard risks.

Methods and data

We construct an integrated index to characterize metropolitan resilience for Taichung metropolis in Taiwan at the local
level, and combine a fuzzy multicriteria decision analysis with a participatory geographic information system (PGIS)
to assess and map integrated resilience to climatic hazards. Using focus group meetings and the data collected from
participations of experts, officers and community members, we employ a multivariate analysis to explain why low
resilient areas occur in specific locations, and why some areas are particularly less resilient. Moreover, we accomplish
a cluster analysis to group the areas into types of resilience, as well as to show the spatial distribution patterns

of various core areas in which various planning measures are needed to be adopted and which characteristics to
improve or promote for increasing resilience.

Results and societal importance for stakeholders

Through a PGIS-based approach, results of the estimated integrated resilience show that spatial distribution

patterns of resilience are highly heterogeneous over the case study areas. The multivariate and cluster analysis
indicate that the key factors contributing to low resilience include inferior biophysical, socioeconomic, infrastructural
conditions and lower adaptive capacity. Our findings also show that conflicts and tradeoffs may exist between

some resilience factors, especially socioeconomic vulnerability and adaptive capacity. This implies that land use
planners should trade land use regulation, coping, infrastructural improvement, social learning and adaptive capacity
for other socioeconomic vulnerable characteristics which ultimately lead to higher resilience. Our analyses provide
stakeholders and policy-makers with a better governance structure to design and synthesize appropriate patchworks
of planning measures for different resilience clusters of areas to reduce climatic hazard risks.
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DD 5.3-3 MAKING URBANIZED DELTAS ADAPTIVE - A METHOD

Han Meyer!, Arnold Bregt2, Ed Dammers3, Jurian Edelenbos*

1TU Delft, Delft, The Netherlands

2 wageningen University and Research centre, Wageningen, The Netherlands
3 PBL, The Hague, The Netherlands

4 Erasmus University Rotterdam, Rotterdam, The Netherlands

Introduction

Climate Change has been mentioned as the most important challenge for the future of urbanized delta regions.
However, we like to emphasize that only not climate change as such, but also the uncertainty concerning climate
change is an important challenge. A second challenge is the uncertainty concerning future land-use in delta-regions,
which is dependent from economic and demographic trends and influences. In order to be able to deal with these
uncertainties, delta regions should be able to adapt to changing circumstances in the future, without destroying the
natural system, which is necessary for deltas to maintain itself as a sustainable system.

Research question
The central question is: how to increase the capacity of urbanized delta regions to adapt to uncertain changes of in
the future.

Method

The paper describes the development of a method, based upon theories of complex adaptive systems and aiming

to improve the adaptive capacity of urbanized delta regions, to synchronise the various sectors in the areas, and to
organise collective action. The method has been developed in the Southwest delta of the Netherlands, but is relevant
and applicable for other delta regions as well. The method is composed by four elements: (1) a historical analysis,

to define path-dependencies; (2) a future scenario-analysis, (3) a stakeholder-analysis, to define current claims and
issues in the region, and (4) a ‘Delta Envisioning System’, which delivers the possibility for involved stakeholders to
link current short term issues with possible long term developments.

Research results

The result is a spatial framework for the delta region, which delivers the possibility to link short term and long term
challenges and ambitions concerning spatial developments. This spatial framework can be considered as a new,
revised version of the framework of the ‘Room for the River’ program.

Societal impacts for stakeholders

The method and the final result enables the various policymakers and stakeholders to synchronize their ambitions
and actions. Especially policymakers and stakeholders focusing on projects with a relative short term and small
scale character (local communities, real estate developers) and those with a long term focus (flood defense and
water management authorities, environmental NGO’s) are challenged to define common goals and a common
implementation strategy.

The method has resulted in first steps of implementation in several areas in the Southwest delta of the Netherlands.
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DD 5.3'4 THE ROLE OF CITIZENS IN URBAN RESILIENCE TO CLIMATE
CHANGE - A REVIEW

Anja Wejs, Birgitte Hoffmann, Chiara Fratini
Aalborg University, Aalborg, Denmark

Research question

More incidents of heavy rains and storm surges, as a consequence of climate change, do increasingly challenge

the existing water systems, leaving a pressing need for holistic and resilient solutions. However, urban wastewater
management has so far mainly been handled by wastewater utilities with traditional solutions based on underground
sewerage systems. However, the urgency of climate change demands new solutions to relieve the pressure on the
existing system. Involving citizens is a necessity for developing innovative solutions benefitting to the function of
the system, and supporting resilient and liveable cities. The key question is how citizens can gain more active roles
in water management in order to strengthen resilience to climate change in cities and the paper explores different
approaches and perceptions to citizens’ participation in resilience in existing research.

Methodology and research results

Focusing on the western world, literature searches carried out in Web of Science and Scopus identify scientific
articles dealing with the concepts of ‘citizens’ and ‘resilience’ in relation to flooding issues. A total of 99 articles match
these criteria and are reviewed with the purpose to investigate the current literature’s analyses of the roles of citizen

in creating urban resilience to climate change. Based on the literature review of citizen roles in urban resilience a new
research agenda within resilience, climate change adaptation and participation is presented.

Societal importance for stakeholders

In practice, local authorities and wastewater utilities handle urban climate change adaptation. There is a need for
supplementary and alternative solution to the underground sewage system and wastewater treatment, however,
handling water issues on ground demand involvement from citizens and private stakeholders. This article contributes
a state-of-the-art of urban resilience to flooding and citizen involvement.

DD 5.3-5 IMPROVING THE ALLOCATION OF FLOOD RISK
INTERVENTIONS FROM AN URBAN AND LANDSCAPE DESIGN
PERSPECTIVE

Anne Loes Nillesen
Delft University of Technology, Delft, The Netherlands

Societal importance for stakeholders

Delta regions throughout the world are subject to increasing flood risks. Strategies are therefore being developed to
protect inhabitants and economic value in these deltas. In order to develop sustainable urban deltas, there is a need
for interdisciplinary approaches in which urban designers and civil engineers can collaborate.

Methods for an integrated approach to flood risk and spatial design exist. These methods typically assume
involvement of landscape architects and urban designers in studies at a relatively late stage; their role is limited to the
task of optimally embedding flood risk interventions at given locations.
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A method is developed that combines the perspectives of flood risk protection and spatial quality in earlier stages of
the formation of flood risk intervention strategies, thusallowing designers to be involved in those earlier stages.

Research question

The research presented investigates a research by design methodology that addresses the perspectives of flood risk
protection and spatial quality in an early research stage, when choices with respect to different scales and types of
interventions in a delta are addressed.

The study demonstrates the potential of the different spatial scales and flood risklayers at which flood
riskinterventions can be implemented, to change the locations of flood riskinterventions.This allows the allocation of
interventions to locations that are most suitable from a spatial perspective.

The method was developed for a specific case study area in the Dutch delta, Rijnmond-Drechtsteden, and includes:
An inventory of differentflood riskprotection strategies; an inventory of spatial characteristics and spatial assignments
of a region; a qualitative assessment framework; and researchby design on how the choice of scale and layer of a
flood riskintervention can shift the local flood riskassignment.

Research results

It is demonstrated that the method can be successfully utilised to shift theflood riskintervention to a location that is
most suitable from a spatial point of view. This allows the spatial assignment to receive a more prominent role in the
development of flood riskstrategies. The method, with some site-specific adjustments, is likely to be relevant for other
urbanized delta areas.
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DD 5.4-1 THE POTENTIAL OF FLOATING URBAN DEVELOPMENT AND
FOOD PRODUCTION FOR COASTAL DELTA CITIES

Rutger de Graafl, Bart Roeffen?, Barbara Dal Bo Zanon?, Karina CzapiewskaZ,
Hannah Haertwich?

1 DeltaSync/Hogeschool Rotterdam, Delft, The Netherlands

2 pDeltaSync, Delft, The Netherlands

Research question
The research question that is addressed in this study is: what is the overall potential of floating urban development
and floating food production to deal with global land scarcity, and what is the potential in three delta cities?

Methodology

An extensive literature survey was executed to evaluate relevant global trends in agriculture, land use, demographics
and food and energy consumption, in order to estimate land shortage in 2050. The following land use typologies
and processes were taken into account: 1) Urban area; 2) Food production area; 3) Biomass production area; 4)
Climate change impacts; 5) Land degradation. Several aspects related to floating urban and agricultural space were
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analyzed and compared with current urban and agricultural models. Two scenarios for 2050 were developed in order
to estimate the future benefits and implications of floating development, by analyzing the required space, efficiency in
terms of water, nutrients and CO.,.

Research results

The results include an evaluation of the space use efficiency of floating city expansions and food production. The
conclusion of the article is that floating developments can be a promising solution to global land scarcity, especially if
a symbiosis is created between cities on land and floating developments on water. This symbiosis is achieved using
waste nutrients and CO, for the production of food and biofuel in floating cities, with the application of floating algae
systems. This approach closes nutrient and waste cycles and can provide ecological services to coastal cities.

Societal importance for stakeholders

Delta cities face rapid urbanization, rising food demand, land degradation and increasing biofuel demand which will
put pressure on the available land. At the same time, these cities are threatened by extreme events and the effects of
climate change. Therefore, there is a need to study innovative solutions that provide a perspective to deal with these
challenges. this study evaluates if floating urban expansion and floating food production can contribute to a solution
for global land shortage and more specifically, the potential of floating developments in three delta cities: Rotterdam,
Jakarta and Manila are evaluated. For the city of Rotterdam, also a pilot project for implementation is presented.

DD 5.4-2 THE ROLE OF PUBLIC-PRIVATE PARTNERSHIPS TO ADDRESS
CLIMATE RISKS:CASE OF THE LONDON CLIMATE CHANGE
PARTNERSHIP

Hayley Leck, Swenja Surminski
Grantham Research Institute on Climate Change and the Environment, LSE,
London, United Kingdom

As climate risks continue to mount it is increasingly clear that managing these cross-cutting risks cannot be
addressed successfully at any single institutional or spatial scale or by any one category of actor. As such, private
sector, government and other sectors of society need to cooperate and develop well-functioning partnership
approaches for supporting climate risk reduction and adaptation. However, partnerships are often underpinned by
complex multi-scale governance arrangements that need to be better understood and existing partnerships have
often proven ineffective in managing risk from natural hazards. This paper presents findings from a case study of the
novel London Climate Change Partnership (LCCP) as a lens for understanding the effectiveness of public-private
partnerships to address climate risks, specifically flood risk in the delta city of London. This case study forms part
of a large EU-funded research project ENHANCE. ENHANCE aims to develop and analyse new ways to enhance
society’s resilience to catastrophic natural hazard impacts and develop supportive multi-sector partnerships
(MSPs). The LCCP was established in 2002 as a centre for expertise on climate change adaptation and resilience

to extreme weather in London. The partnership has focused on building resilience within and between sectors and
is comprised of public, private and community sector organisations and actors engaged in preparing London for
extreme weather and predicted climate change impacts. The paper presents findings from a survey and interviews
with LCCP representatives and additional stakeholders, together with other data sources to reflect critically on the
processes and barriers to developing effective and novel MSPs as required for tackling highly complex climate risks
at multiple scales. Building on the case study findings, the paper reflects upon indicators for successful partnerships
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and governance arrangements in improving resilience at multiple scales. Although empirical evidence is based on the
specific London context, the key findings apply more widely to delta cities in the EU context and beyond.

DD 5.4'3 SPATIAL COST-BENEFIT ANALYSIS OF FLOOD-PROOFING
BUILDINGS IN NEW YORK CITY

Hans De Moel', Wouter Botzen1, Ning Lin2, Jeroen Aerts1
1IVM - VU University, Amsterdam, The Netherlands
2 Princeton University, Princeton, United States of America

In October 2012, Sandy wreaked havoc in New York City (NYC), causing billions of dollars damage to buildings in
coastal zones of all boroughs due to flooding. In order to cope with this flood risk, there are conceptually two options:
preventing flood waters from reaching the buildings (using surge barriers, levees, etc.), and/or minimizing the damage
flood waters can cause by adjusting the buildings (i.e. flood proofing). Currently, NYC has little coastal defense
structures to keep flood waters out, making building codes an important part of flood risk management in NYC.

To support this, we investigate in this paper the feasibility of water-proofing buildings in NYC in terms of costs and
benefits.

Whereas costs of elevating a building do not depend on the geographic location, the actual flood risk (and thus
potential reduced risk or benefit) does very considerably depending on the location. In addition, there are various
water proofing measures possible (i.e. elevating, dry-proofing, wet-proofing), which can all be applied up to different
heights (i.e. elevating 2 or 6 feet). Here, we therefore perform spatial cost-benefit analyses at the census-block level
(~36000 units in NYC) for three types of measures (elevating, dry-proofing, wet-proofing) and three different heights
(2, 4, 6 feet). We use a hazard and risk modeling framework based on ADCIRC and HAZUS consisting of 549 storms
resulting in water levels and damages with different return periods to estimate flood risk and the benefit of the
measures. Cost-wise, we estimate costs for adjusting the current building stock, but also perform spatial cost-benefit
analyses related to implementing the measures for projected new buildings.

The results show the locations in NYC where it is cost-effective to implement flood proofing measures. Moreover, they
illustrate where and which type (and height) of measure is most cost-effective. By aggregating this, a mix of measures
can be derived that maximizes the potential of flood proofing measures in NYC and the total potential with respect to
the total risk can be obtained.

DD 5.4-4 urBAN ADAPTATION TO CLIMATE CHANGE IN ROTTERDAM:
FROM CITY TO NEIGHBOURHOOD

Laura Kleerekoper, Leyre Echevarria, Nico Tillie, Frank van der Hoeven,
Andy van den Dobbelsteen
TU Delft, Delft, The Netherlands

Climate change is predicted to increase heat stress in cities in the Netherlands. This climate change effect adds to
an already warmer urban environment due to the so called ‘urban heat island’ effect and the bad air quality in cities.
Action is required to improve the quality of life of citizens, both in new and existing urban areas. However, policy
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makers and urban designers are slow to integrate climate adaptation. To choose for certain climate adaptation
measures a better understanding is needed of the options to intertwine measures with a specific urban structure.

The aim of this paper is to study the spatial implications climate adaptation measures have for various neighbourhood
typologies in Rotterdam. First, the city of Rotterdam is analysed with the use of satellite imagery to identify areas
where urban heat is accumulating. In the second step the selection of case study neighbourhoods is described based
on their vulnerability to heat stress. The following third step contains an analysis of the type of land use which adds
facades as an urban surface . For each neighbourhood typology the potential gains in thermal comfort are described
based on the urban surface analyses and the building typology. Because humans tend to stay indoors for 90% of the
day, we will be focussing on the role of the indoor experience in the way that people are exposed to urban heat.

The potential gains from the urban surface analyses are elaborated in an integral design. In the design process many
hypothesis are considered and judged based on expert knowledge and links that become apparent. The paper
provides a concise overview of approved climate adaptation measures from literature and includes: vegetation and
water; light roofs and ventilation; and technical solutions like solar collectors.

Usually, thermal comfort is not considered the most important aspect of an urban redevelopment project. Therefore,
relations with for example; parking, energy consumption and the water system are essential to realise climate
adaptation measures. Especially the energy reduction that could be achieved with an adaptation measure is important
for the financial feasibility. Therefore, energy consumption and production are calculated for each case study. The
study will provide policy makers and urban designers with a clear indication which adaptation measures are most
appropriate for a specific neighbourhood typology. The spatial implications and gains of some adaptation measures
are made visible, which can convince people in the field to take action.

DD 5.4-5 towARD A COST-EFFECTIVE RESTORATION OF A VITAL
COMMUNITY IN A SAFE DELTA, DESIGN OF THE
‘NEW MEADOWLANDS’, NEW JERSEY

Mindert de Vries!, Florian Boer2, Alexander D’Hooghe3, Frans Klijn4,

Kristian Koreman?®, Pieter Vos®

1 Deltares - HZ U. of Applied Sciences, Delft, The Netherlands

2 pe Urbanisten, Rotterdam, The Netherlands

3 MIT Centre of Advanced Urbanism, Cambridge, MA, United States of America
4 Deltares, Delft, The Netherlands

5 ZUS - Zones Urbaines Sensibles, Rotterdam, The Netherlands

6 75B - Graphic Design, Rotterdam, The Netherlands

The metropolitan region of NY-NJ is a delta with the Hudson River, East River, Hackensack and Passaic all
converging. This area was severely impacted during Hurricane Sandy in October 2012 with high damage to
infrastructure, economic activities and society. The Meadowlands area emerged as highly impacted in a broad
spectrum of vulnerabilities combining flood risk with social vulnerability, vital network vulnerability, pollution risk.

In a transatlantic consortium centered around MIT-CAU + ZUS + De Urbanisten, the ‘New Meadowlands’ design was
developed. It articulates an integrated vision for protecting, connecting, and growing this critical asset to both New
Jersey and the metropolitan area of New York.

Firstly, primary protection against flooding is realized. A green multi-purpose berm with occasional gates, along the
edges of the Meadowlands and most of its developed areas will protect against flooding from storm surges. It will
safely connect the various economical and urban centers and provide new public space structure for mediating
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economical and societal growth (the Meadowband). Within the protected areas, substantial fresh-water basins will
absorb rainwater, substantially reducing the storm water runoff into sewer lines, almost eliminating local flooding
from sewer overflow. Outside the berm, nature will flourish and provide additional services to increase flood safety
and ecosystem quality, in the line of Nature Based Flood Defense approaches implemented in the Netherlands (the
Meadowpark).

The ‘New Meadowlands’ project will enhance the brand and identity of the basin, drive up the value of the land, and
increase the ratable tax returns for the towns concerned. The cost-benefit analysis for this project yields a factor of
2 against a business as usual scenario. In each smaller scale area, the project will consist of a mix of actions within
the opportunities created by the larger scale integrated vision, specifically (a) Meadowband berms and public space
design and construction; (b) rezoning of functions to create Meadowpark; and (c) integration with other ongoing
initiatives, based on substantive outreach efforts and involvement of stakeholders.

DD 5.5'2 FLOOD PROTECTION AND WATER RESILIENCY FOR CRITICAL
FACILITIES IN THE NEW YORK CITY REGION

Edgar Westerhof!, Piet Dircke?
1 ARCADIS U.S., Inc., New York, United States of America
2 ARCADIS, Rotterdam, The Netherlands

Methodology

As a result of global urbanization of deltas and coastal areas, the value of real estate and waterfront infrastructure
shows continues expansion. The New York City Region follows a trend comparable to delta and coastal cities like
Singapore, Jakarta and Rotterdam. One of the key challenges for the New York City region relates to the optimum
integration of short term (<5 years) measures to protect individual and critical facilities vs. longer term protection
measures on a larger, regional scale.

Research approach

To analyse the impact of the surge on the telecommunication and large office buildings and hospital campuses and
determine appropriate mitigation measures, ARCADIS is using the so called ‘Design Cycle’ with the following study
steps:

- Evaluation of site conditions;

- Ranking of potential protection strategies;

- Incorporate top ranking strategies into an integrated solution.

The objective of the first steps is to understand the impact of the storm surge, by analysing wave loads and
propagation of surface water, using hydrodynamic modeling such as FLOW-3D.

Research results and societal importance for stakeholders

The New York City Health and Hospital Corporation hospitals are located along the edge of Manhattan, at low lying
parts close to the water. The recommended level of protection for hospitals relates to the 500 year flood elevation as
given by the Federal Emergency Management Agency (FEMA). For the short term several individual flood protection
measures are currently being evaluated and installed. For the long term larger scale collective strategies are being
studied.

The Lower Manhattan utility and office buildings are located in one of the most densely built areas in the world. For
the down town communication buildings, solution were found in the construction of aluminium panels that can be
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connected to the fagade of the building. For surrounding high level office buildings, the integration of flood protection
with anti-terrorist bollards or potential closure of underground channels with surge gates leading to WTC is part of
studies.

The Bay Park Sewage Treatment Plant (STP) - the Bay Park STP was put under a state of emergency and shut

down for several months when the plant was flooded and the buildings were inundated with flood water from the
nearby bay. In a series of technical memoranda, the vulnerability of the plant has been studied. This has led to a
comprehensive strategy that will be constructed in 2014 along the STP.

DD 5.5-3 CLIMATE CHANGE IMPACT ON THE DRINKING WATER
DISTRIBUTION NETWORK TEMPERATURE

Claudia Agudelo-Vera, Mirjam Blokker
KWR Watercycle Research Institute, Nieuwegein, The Netherlands

Health effects of exposure to heat waves are well known. However, the risks due to water quality deterioration in the
drinking water distribution systems are less well known. The temperature of the urban soil around the drinking water
distribution network , at ca. 1 meter depth, changes under influence of different factors. Blokker and Pieterse-Quirijns
developed a micrometeorology model to predict the soil temperature at various depths as a function of weather

and environmental conditions. They showed that the water in the drinking water distribution system approaches the
surrounding soil temperature. Water temperature is an important determinant of water quality, since it influences
physical and chemical processes, such as absorption of chemicals, and chlorine decay. In the Netherlands drinking
water is distributed without additional residual disinfectant and the temperature of drinking water at the customers’
tap is not allowed to exceed 25 °C. During a warm year, 0.1% of the routine water quality samples exceeded this
value, and ca. 14 days reached a maximum soil temperature above 25°C. With increasing extreme weather events
due to climate change and with more local variations due to the urban heat island effect, more samples may be
expected to exceed this limit. Specifically in urban areas, with concentrated population and multiple heterogeneous
land cover characteristics, tools are needed to monitor and predict drinking water temperature in the network at
small spatial scales. The objective of this study is to extend the model to evaluate the impact of the urban heat island
effect on soil temperature. Anthropogenic heat emissions and urban parameters were based on literature values
based on the local climate zones. The study area is the city of Rotterdam in the Netherlands. The soil temperature
for 2013 was simulated using data from the Dutch meteorological institute as an input. To calibrate and validate

the model, soil temperature in two locations were measured during six weeks. A good correlation between the soil
temperature simulated and the soil temperature measured was found. This paper demonstrates that it is possible

to use meteorological information to predict urban soil temperature and therefore to estimate water temperature in
the drinking water distribution network. The soil temperature model can be used to analyse the risk of exceeding
the temperature limit, particularly during heat wave events and in highly urbanized areas. Moreover, the effect of
mitigation measures such as green roofs can be also quantified.
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DD 5.5-4 THE INFLUENCE OF ACTIVE GROUNDWATER MANAGEMENT
ON THE CURRENT AND FUTURE WATER DEMAND OF URBAN
AREAS

Rutger de Graaf!, Han Frankfort?, Christiaan Wallet2, Bart Roeffen3,

Bob Souwer3, Tom den Ouden’

1 DeltaSync/Hogeschool Rotterdam, Delft, The Netherlands

2 Ministry of Infrastructure and the Environment, The Hague, The Netherlands
3 DeltaSync, Delft, The Netherlands

Research question

There is a lack of knowledge about the influence of active groundwater management on the total urban water
demand. The research question is: what is the water demand of urban areas in the Netherlands, now and in the
future, and what is the additional water demand if active groundwater management would be introduced in urban
lowland areas?

Methodology

To determine the land use of an average city in the Netherlands, a national land use analysis was done using GIS. An
intersection was made between the National land use data and five categories of urbanity of Statistics Netherlands.
An estimation of the urban water demand was made by investigating evaporation, urban water use and losses to the
wastewater treatment. For a more detailed assessment, a daily time series model evaluation of the characteristics
years of the Delta program was used under different climate scenarios and with various active groundwater
management strategies.

Research results

The average yearly total water demand of urban areas in the Netherlands amounts to 4.2 km?. With active
groundwater management in the entire urban lowland area in the Netherlands, the additional water demand amounts
to 0.16 km® in a dry year and 0.3 km?® in a very dry year in the current climate. In a very dry year in the most extreme
climate scenario this additional water demand may increase to 0.45 km3. In practice, active groundwater management
will only be applied in the vulnerable areas and the additional water demand will be lower. While the additional water
demand is relatively small compared to the total urban water use, the additional demand will occur during dry spells
when water availability is under pressure. Therefore, this additional water demand should not be neglected.

Societal importance for stakeholders

Climate change may lead to higher groundwater table fluctuations. In vulnerable lowland urban areas in the
Netherlands, this will lead to damage to buildings, underground infrastructure and above ground infrastructure as
wooden pile foundations will be exposed to oxygen if the groundwater levels are too low. Therefore in the Delta
Program, there is a need to have more insight in the additional water demand that is needed to reduce groundwater
level fluctuations. This study has contributed to this purpose by investigating the additional urban water demand as a
result of active groundwater management in different climate scenarios.
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DD 5.5-5 s 1T POSSIBLE TO DEVELOP A MODEL OF SUSTAINABLE
URBAN WATER CYCLE?

loan M. Ciumasu, Kalliopi Ntanou, Teodora Aureliana Morar, Habib Liamidi,
John Dean
INTRAS, Versailles - Paris, France

Cities impact the natural water cycle through modifications of the environment and through their water consumption
and discharge. Toward sustainability-compatible urban water management, important factors are also: global and
local climate changes, landscape changes, energy and transport systems, and the overall ecological footprint of the
cities.

What should be the best way forward? Current analyses suggest that we need (i) a coherent systemic view on the

interactions between environment, society and economy, and (ii) experimenting cross-sectorial innovation that is both

system-relevant and efficient.

We propose an Urban Water Cycle Model that can be used as tool and reference for urban water system

management. In order to deal with the limits of our knowledge, and to address the complexity and unpredictability of

the natural and social systems, the model is grounded in several principles:

1. It is developed in analogy with the natural water cycle and accounts for the related biogeochemical cycles, so as to
understand human impacts on natural processes and their implications for urban and environmental management.

. It is cross-sector coherent but also an evolving model, with inbuilt flexibility ergo adaptability.

. It is linked to the natural water cycle through water consumption and discharge.

. It is striving to deal with the issue of knowledge fragmentation and data availability,

. It is conceived as a versatile tool, which is (a) capable to absorb knowledge and experience coming from various
case studies and projects and (b) serve back as a reference that can be utilized in new projects that aim at
developing and testing new solutions for urban water management and urban sustainability in general.

The model consists in an operational definition of the interactions between the four main categories of urban

water - white, gray, rain, and black water - along three phases: water use, water re-use and water discharge. This

involves both quantitative estimations (based on available data) and background qualitative approaches - notably

the assumptions used in computer models, and referring to data availability, individual/collective choices and social
acceptability, technological readiness and economic relevance.

The model is tested with samples of proxy data from a series of European cities and we make recommendations

for urban adaptation to climate change, and developments of future urban water infrastructure. We believe that this

model can enable future smart water networks, and inform more coherent urban development scenarios for the local

communities.

Two figures not shown / not allowed.
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DD 5.6'1 CLIMATE PROOFING AND MASTERPLANNING OF DELTA CITIES:
THE CASE OF BEIRA, MOZAMBIQUE

Peter Letitre
Deltares, Utrecht, The Netherlands

Strategic challenges for Beiral. The goal of the Masterplan Beira 2035 is to make a significant contribution to a safe,

prosperous and beautiful Beira. Beira essentially faces three challenges:

- To utilize the economic potential of the city, mainly due to its strategic location and at the end of an important
transport corridor;

- To improve the poor living conditions of a large part of its inhabitants, mainly due to poor infrastructure and service
coverage;

- To adapt to climate change and sustainably coexist with its natural environment. Beira is located in a delta and large
parts of the built up areas are prone to flooding and are threatened by sea level rise and are prone to flooding.

An integrated and planned approach to meet these challenges has been prepared. In addition, a clear implementation

and financing strategy was added which is an essential part of the approach.

Core strategic interventions have been selected as well as the necessary pre-conditions for the successful

implementation of these interventions such as;

- Utilizing the economic potential of Beira

- Improving the living conditions and quality of life of the citizens of Beira

- Climate change adaptation and climate proofing

The following specific challenges were identified:

- Getting grip on future urban growth and land development.

- Parts of the city expansion areas need land preparation (leveling and elevation) and require huge amounts of sand
which is a scare resource in Beira.

- How to finance new (road and railway) infrastructure?

- Financing capacity of the City of Beira is limited.

- How to guarantee reliability of infrastructure?

- How to create a basis for joint implementation and sustainable cooperation between relevant stakeholders?

The applied approach is a good example of the so-called Dutch approach for integrated planning and considers the

following elements:

- Sharing ownership and stakeholder involvement.

- Where do we want to be in 25 years’ time? - vision/strategy/political commitment.

- Enhance performance/catch up with autonomous development/1st things 1s

- Follow the money. Look for finance for improvement urban infrastructure and service delivery?

- How to deal with socio-economic and climate uncertainty? - short term/long term planning.

- Applying positive lessons learned in NL cities to African cities.

One of the core strategic interventions is will be the establishment of a Land Development Company. It will be

explained in the presentation how this interventions responds to most of the challenges identified.
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DD 5.6-2 ASSESSMENT OF NATURAL HAZARDS AFFECTING THE
DELTA CITY OF JAKARTA

Hasanuddin Z. Abidin', Heri Andreas?, Irwan Gumilarl, J.J. Brinkman?,
Syabhril B. Kusuma', Safwan Hadi?

1 Institute of Technology Bandung, Bandung, Indonesia

2 peltares, Delft, The Netherlands

Jakarta is the capital city of Indonesia with a population of about 9.5 million people, inhabiting an area of about 660
square-km. It is located within a deltaic plain and passes by 13 natural and artificial rivers flowing through it to Java
sea. In the last three decades, urban development of Jakarta has grown very rapidly in the sectors of industry, trade,
transportation, real estate and many others. This rapid urban development has caused several negative externalities,
such as: extensive conversion of prime agricultural areas into residential and industrial areas, significant disturbance
to main ecological function of the upland of Jakarta area as a water recharge area for Jakarta city, and increase in
groundwater extraction due to development of industrial activities and the high population increase. In turns Jakarta

is then prone toward a few natural hazards mainly land subsidence and flooding. The recent larges flooding in Jakarta

occurred in 1996, 2002, 2007, 2013 and 2014.

The results obtained from leveling surveys, GPS surveys and INSAR technique over the period between 1982 and
2011 show that land subsidence in Jakarta has spatial and te