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Abstract
In REFRESH several field experiments on riparian wetlands were carried out to determine
how climate change affects wetting/drying regimes and thereby the nutrient status and the
primary production of nutrient rich and nutrient poor affect those wetlands. This study was
intended to convert the gained knowledge from the experiments to knowledge rules and
visualize these rules on a European scale, based on a map of European wetlands.
However, only Dutch and Danish field data available were available and, during a Master's
project it was established that the Dutch data are not adequate to distil knowledge rules from.
Therefore, the initial aim, going from field data to knowledge rules and upscale them to
European scale was abandoned and we used knowledge rules from literature on the effects of
climatic induced changes in flooding on the P cycle of riparian wetlands. These knowledge
rules are then used for a proposed method to visualize their presumed effect on European
scale. We have now used an abstract approach of how to use wetland type information in
upscaling of local P-dynamics and the climate change affecting it.
We have first selected knowledge rules on P-dynamics in riparian wetlands and grouped
types of riparian wetlands. These knowledge rules can be influenced by climate
change, therefore we have defined three European regions with more or less similar
expectations for climate change. Finally, we have combined the previous analysis on
wetland types and climate change regions in a hypothetical way.
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Summary
We have selected knowledge rules on P-dynamics in riparian wetlands and grouped types of riparian
wetlands. These knowledge rules can be influenced by climate change, therefore we have defined three
European regions with more or less similar expectations for climate change. As a last step towards a
visualization tool, we have combined the previous analysis on wetland types and climate change regions in
a hypothetical way.

The setup and use of knowledge rules brings along many uncertainties. We have discussed uncertainties
on climate change expectations, knowledge rules themselves, wetland typology, and P flows in riparian
wetlands.
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1 Introduction
In EU FP7 REFRESH several field experiments on riparian wetlands were carried out to
research how climate change affects wetting/drying regimes and thereby the nutrient status
and the primary production of nutrient rich and nutrient poor affect those wetlands (WP4).
This study in the work package (WP4) is intended to convert the gained knowledge from the
experiments to knowledge rules and visualize these rules on a European scale, based on a
produced map of European wetlands (WP4).
However, as it turned out we have only Dutch and Danish field data available and during a
Master project (Stoop, 2013) on this specific subject it turned out that the Dutch data is
insufficient to distil knowledge rules from. Therefore, the initial aim, going from field data to
knowledge rules and upscale them to European scale, is abandoned and we will use
knowledge rules from literature on the effect of climatic induced changes in flooding on the Pcycle of riparian wetlands. These knowledge rules are then used for a proposed method to
visualize their presumed effect on European scale. In WP4 a European map of wetlands is
being produced, however it was not ready during this study and therefore not ready to
integrate in this study. We have now used an abstract approach of how to use wetland type
information in upscaling of local P-dynamics and the climate change affecting it.
We have first selected knowledge rules on P-dynamics in riparian wetlands and grouped
types of riparian wetlands (CH2). These knowledge rules can be influenced by climate
change, therefore we have defined three European regions with more or less similar
expectations for climate change (CH3). Finally, we have combined the previous analysis on
wetland types and climate change regions in a hypothetical way (CH4).

What do we offer?
We propose a method for the upscaling of local information on the dynamics of phosphor in
riparian wetlands to European scale. However, we had to use hypothetical data on the
coverage of wetland types in Europe. The method is therefore not directly useable, it needs to
be filled with better quality data. Here, the knowledge rules and the knowledge on the climate
change affecting them will determine the scope of the method. If one would add knowledge
rules on the dynamics of nitrogen or carbon, the proposed method would work similar.

Where should it be used for?
The proposed method should be used for getting insight in the uncertainties within the
upscaling of local data to European scale would give. It can also be used for visualizing
expected effects on P-dynamics in riparian wetlands on an abstract level.

Embedding in WP4 and Refresh
This study is a part of WP4 and filling the deliverable: Del 4.13 Report providing tools for
vulnerability assessment in natural, managed and restored riparian wetlands. The study
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should have been fed by the deliverables: ‘DL 4.5 Manuscripts on the effects of climate-driven
changes in flooding on the hydrology, chemistry, ecological functioning and biodiversity of
riparian wetlands’ and ‘Del 4.14 European map of the spatial extent and environmental state
of riparian wetlands’. The results of the field experiments were unsufficient to derive
knowledge rules on P-dynamics and the European map was not present at the time of this
study.

Figure 1: The structure of the REFRESH project (FP7 EU).

2 Upscaling
The upscaling of experimental data or case-specific literature has been a major difficulty
within ecology and this study will not give an ultimate answer for that, moreover an option
how to cope with these problems and to visualize specific effects at larger scales. We have
attempted to set up a visualization process that starts by (1) selecting adequate knowledge
rules, followed by (2) grouping to types of appropriate wetlands, (3) describing with these
types of wetlands an European zonation, which (4) is based on the expected climate change
and therefore based on the supposed drivers of climate change effect on phosphorous
dynamics within riparian wetlands.
2.1

Knowledge rules
Knowledge rules are to be seen as simple calculation rules that are subject to discussion. The
discussion ranges from scale level, region level, and the fact if knowledge rules are isolatable.
In other words, can we exclude other effects on parameters as biodiversity, species
appearance, phosphor cycling, etc.? The answer is no, and this will be further discussed in
the discussion part of this report.
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Many large reviews have described the phosphorous cycling within riparian wetlands (Reddy
et al, 1999; Mitch and Gosselink, 2001; Reddy and DeLaune, 2008). In the MSc student
reports (WP4) of Miguel Ayala (2011) and Van Rheenen (2012) we have set up a scheme of
phosphor flows with climate change impacts (Figure 2). All phosphor flows in a riparian
wetland can be divided into three groups: P-input, P-loading and P-output. The figure shows
the phosphor flows of a riparian wetland (derived from O’Dall et al., 2001).

Figure 2: Major P-flows of a riparian wetland (O’Dall et al., 2001). We have highlighted
the flows likely to be most affected by climate change (Van Rheenen, 2012).
To select the most effective knowledge rules for the effects of climate change on phosphor
cycling in riparian wetlands, the drivers of the knowledge rules should be highly correlated
with groundwater discharge, flooding, precipitation or surface runoff. We show three
knowledge rules in Table 1 (described in Miguel Ayala 2011 & Van Rheenen 2012), but we
will take only one example of a knowledge rule as noted in Table 1 for the use of showing our
hypothetical distribution of wetland types and associated climate change effects, because
they are subject to discussion and will function in this study as an example for an upscaling
method.
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Table 1: Three examples of knowledge rules for P dynamics in riparian wetlands, with
their tipping points for causing the mentioned effects.
Parameter

P-flow group

Tipping point

Effect

Hydrological
drivers

River
water
quality

P-input

1 mg P/L

Increase P in
wetland

P-cycling
internal

P-loading

Soil water
Fe/P < 12

Plant uptake

P-output

Vegetation
N/P ratio (1618)

Increase in
available P in
wetland
Decrease P
in wetland

Flooding
frequency,
extreme
events,
Cumulative
flooding
duration
Cumulative
flooding
duration
Flooding
frequency,
extreme
events,
Cumulative
flooding
duration

2.2

Differences
between types
of wetlands
No

Yes, soil type,
groundwater
level
Yes,
vegetation
type,
other
nutrients

Types of wetlands
There are many ways to distinguish between wetland types. We study riparian wetlands, so
we only look at river- or brook-adjacent wetlands. Therefore the river/brook is an important
feature determining the wetland type. We need to find a separation in wetland types that will
have more or less similar effects of the expected climate change in their P dynamics. While
on the other hand it should be possible to estimate the amount of these wetland brook in a
region of Europe.
If we take the wetland types based on the expected effect (see tipping points of Table 1) than
we would group them on 1. River water quality (specifically P concentration), 2. Soil type
(specifically Fe and P concentrations in the interstitial soil water), and 3. Vegetation type
(specifically N and P content of the vegetation). However, this is not workable on a European
scale, because these data are not available for all riparian wetlands in Europe.
In a study for an evaluation method on flooding effects in lowland brook systems (Beumer
2009; abbreviated as BOB), we have studied characteristics of flooding in brook systems that
affected biogeochemical environment. Here we concluded that soil pH, flooding frequency,
and Nutrient status are most important for lowland brook wetlands for grouping purposes.
Different types of wetlands along streams are based on landscape situation, resulting in
hydrological and geological differences. However, it is not useful for an European scale,
because it is based on a specific brook type. But it does show that 1. It is very hard to make
proper distinction between wetland types on a large scale like Europe, and 2. Geological
differences might be available on a European scale and therefore useful for this approach.
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We could also group wetlands based on the expectation of climate change on the P
dynamics. In Table 1 we have listed the hydrological drivers for our knowledge rules and they
are most likely be influenced by climate change. Flooding frequency, extreme events,
Cumulative flooding duration are here the main hydrological drivers. However, using these to
group our wetland types would mean that riparian wetlands types are dynamic, that they can
change in time. This is undesired because it will make our visualization more complex. We
need to find groups of wetland types that are steady and where P dynamics can be affected
by expected climate change.
In the FP7 project REFORM (Buijse et all. Ongoing) deliverable D2.1 has provided a clear
typology on rivers based on their bed material type (geological differences). This might be the
only possible grouping characteristic that is available on European scale, giving an initial
overall separation between wetland types. From there one could easily further group
wetlands, however, in this phase of visualization of upscaling it would be too complex to do
so. The proposed grouping in the REFORM project is: 1. Bedrock, 2. Boulder/gravel, and 3.
Sand/silt. We will use this grouping in this study.

3 Climate change on European scale
3.1

European climate change regions
HABITAT can be used for up scaling knowledge rules on the influence of climate change on
wetlands obtained from field experiments or literature. Yet, this is only possible if spatial
information is available for the input parameters. As it turned out, the data coming from the
field experiments is not covering Europe and literature does not fill the knowledge gaps. Thus
we lack knowledge on several types of European wetlands (like the group with bed material of
boulder and gravel) and additionally knowledge is missing on the effect of climate change on
specific wetland types and/or the spatial climate change effect on a N-S gradient in Europe.
Literature on climate change (defined as precipitation and temperature) shows that precipitation and temperature
patterns will not change uniform in Europe. Climate change driven changes in precipitation amounts divide
Europe in roughly three zones: yearly precipitation amounts are projected to increase in northern Europe,
decrease in southern Europe and a narrow band between the north and south of Europe will undergo no
change (Error! Reference source not found.3). For temperature there is another spatial pattern, which
seems more east- west oriented (

Figure ) (EEA (2012); Rojas et al (in press)).
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Figure 3: Difference in annual precipitation projections between 1960-1990 and 20712100 and are based on the ENSEMBLES project, taken from EEA (2012).

Figure 4: Difference in annual temperature projections between 1960-1990 and 20712100 and are based on the ENSEMBLES project, taken from EEA (2012).
Additionally, as wetlands are dependent on external water inflow, changes in the hydrological
cycle due to climate change are important. An increase or decrease of flooding of a wetland
and shifts in timing of the flooding can have chemical and/or biological consequences for the
wetland. Both changes in precipitation and temperature contribute to changes in river
discharges and therefore steer partly river flooding. Changes in river discharges resemble the
spatial pattern of precipitation, see Figure 3 and 5.
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Figure 5: River flow changes. Taken from EEA (2012).

4 Linking local knowledge to global projections
HABITAT is a spatial analysis tool and is especially designed for ecological assessment to
analyse the availability and quality of habitats for individual or groups of species. However,
HABITAT is a shell that needs to be filled with knowledge rules. This can be any kind of
knowledge rule as long as it is suitable for usage on a spatial scale. For instance, on a
bathymetry map one can define the average water level, or specific water levels for each
month or calculate the water height using fetch as one of the steering factors: as long as
there is information on how variables influence each other and there is spatial information on
these variables HABITAT can be used. The usefulness of HABITAT for up scaling local
knowledge to European scale is illustrated by some examples in the following text on how
HABITAT works.

Figure 6: HABITAT working scheme.
HABITAT needs input maps that are important for the system under research. For wetlands
these are maps on for example flooding frequency, flooding duration, phosphate
concentration in the sediment, nutrient level (nutrient poor to nutrient rich) of the wetland
sediment and in the through flowing water, temperature and so on. Next, Habitat need some
kind of formula or classification that calculates the effects of for instance increasing flooding
frequency on the P concentration in the wetland sediment or how temperature influence
phosphate availability for plant growth. Then HABITAT constructs output maps and
concurrent statistics. These output maps contain information like the increase in P
concentration in the wetland sediment due to increased flooding frequencies or changed
vegetation composition due to increased temperature and phosphate availability. The output
statistics yield information on the spatial (in)homogeneity, like the extent of the area with
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increased and decreased P concentration in the sediment. The general HABITAT working
scheme is depicted in Error! Reference source not found..
Field experiments in working package 4 and literature do not yield comprehensive knowledge
on how climate change will impact all the wetland types in Europe and then again also over a
north - south gradient. As a first step to bundle this kind of information and identify gaps in
knowledge, we propose a division of Europe in three zones: based on river discharges and
annual precipitation. Now, based on availability, relevant knowledge rules for each wetland
type and European region can be written down (Table 2). Table 1 shows the hydrological
drivers and it seems that only cumulative duration of flooding is a driver that can be coupled
to the climate regions derived in Chapter 3 (shows on abstract level in Figure 7).
As the characteristics of wetlands are written down, a HABITAT model can be made for each
wetland type. As not a specific wetland is described, the constructed model can be used for
calculation for the northern, mid and southern part of Europe. This means that no information
is given on exact changes on a specific wetland due to climate. It also means that no specific
data is needed for each individual wetland. The method eventually yields a coarse map of
how specific types of wetlands will change due to climate change, based on their location in
Europe. However, this is not carried out in this study, since the uncertainties at that point are
too large.

Figure 7 and Table 2: Map of climte change regions in Europe on abstract level, based on
annual cumulative rainfall and river flow. It is connected to a table with wetland types
and expected direction of the P-dynamics following from the knowledge rules in Table 1,
specified per region.

5 Uncertainties
Climate change expectations
We will not go into the uncertainties of climate change expectation, since this is for too
challenging to give a summary of all studies on this subject alone. The EEA (2012) has given
an overview of the uncertainties regarding climate change expectations. It is largely
contributed to the models used and the uncertainty in future greenhouse gas emission
scenarios. The abstract division into three European regions for expected climate change is
subject to a lot of assumptions. We have approached the regions as climatically uniform
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which they are not ofcourse. This lack of uniformity is due to morphological differences
(mountains, elevations, large rivers, and lakes), but also to land use differences (cities,
agriculture, open water, and nature). For the purpose of upscaling we had to disregard this
lack of uniformity.

Knowledge rules on P dynamics
The knowledge rule of river water quality we have used originates from Richardson et al.
(1997) and was confirmed by the critical loads study of Verhoeven et al. (2006). The 1 g P m2 year-1 level phosphorus assimilative capacity can be related to the previously mentioned
‘ageing’ phenomena of a wetland, above which P retention capacity of a wetland becomes
saturated. It is important to mention that the phosphorus loading threshold of 1 g P m-2 year1 above which phosphorus effluent concentrations rise exponentially, does not hold if
loadings of Fe, Ca or Al are added to the water entering the wetland. (Richardson et al., 1997;
Richardson and Qian, 1999). Further, a water concentration of P is highly dependent on
surface runoff that feeds the river/brook (Rozemeijer 2010). Therefore, land use around the
upper stream part of a river/brook should be taken into regard.

Wetland types
The wetland typology in this study was chosen on basis of a high certainty and availability of
European wide data. The bed material of riparian wetlands can easily been taken from
geological maps that are widely available. However, it still gives a high uncertainty to the
expected effects on P-dynamics in riparian wetlands. For decreasing the level of uncertainty a
deeper distinction between wetland types is needed, however this information on the
coverage on a European scale is often not available. The P dynamics in a riparian wetland
are influenced by many factors.
A riparian wetland typology based on its water quality is not available yet; however, this could
be derived from various WFD projects, carried out in the individual European member states.
For this study, it should focus on the P concentrations of the flooding water. In other words,
that is the P concentration during high level water preceded by rainfall events upper stream.
Available maps have not been specialized for this yet.
The internal P loading is affected by Fe and Al minerals, flooding duration and seasonality
among others. Soils that contain high Fe and Al concentrations provide with larger surfaces
for phosphorus retention, which can lead to important differences in phosphorus storage in a
wetland, in comparison to wetlands with low Fe and Al soil content. Long duration flooding
events favour phosphorus retention due to the increase in contact time between the sediment
and the water which allows adsorption to occur. Higher flows generally occur during autumn,
which lead to higher erosion rates and larger water sediment transport (containing attached
phosphorus to particles) in the wetland. At this moment there are no data on the coverage of
Europe with these characteristics available, therefore, we did not include them in our
typology.
We have not deepened the typology with vegetation data, while this would give much clarity
on the present state (Beumer et al. 2009). Analysis of standing vegetation on nitrogen and
phosphorous would give a high quality reflection of the state a wetland is in. The individual
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plants cope with the present biogeochemistry and all present factors affecting it. Therefore,
plants are good reflectors of the total situation. Ofcourse, it is not possible to analyse all
European wetlands on this so a fair substitute should be regarded. This could be achieved
with vegetation maps of European riparian wetlands. The vegetation types on it can be
correlated with the present state of P dynamics and will give further information of the
historical (mostly only a few years) and present state of hydrological drivers.

P flows
The ranges of the phosphorus contribution per flow (see Figure 2) are wide. This can have
several causes. One is the methodology used in the literature. Not only did authors use
different measuring and modelling strategies, establishing the magnitude and phosphorus
content of each flux also has its difficulties. This already creates uncertainties, but the wide
ranges are also inherent in the way this study was performed. The amount of sediment and
phosphorus furthermore depends on stream characteristics like flow velocity, position in the
catchment and channel features. A more consistent and precise outcome could be expected
if only riparian wetlands with shared characteristics would be taken under consideration.
Wetlands should preferably have similar soil types, forms of land use and mentioned stream
characteristics.
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