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Effects of climate change on nature

This delta fact addresses the effects of climate change on terrestrial
nature and the manner in which these effects are included in forecasting
models in the Netherlands.
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1. Introduction

A substantial part of the Netherlands’ surface area consists of nature conservation.
Nature areas are extremely varied and distances between forests, rivers, bogs and
sea are short. National Government and Provincial authorities consider nature to be
important with regard to the economy and the wellbeing of its citizens as well as for

preserving plant and animal species.
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The most important ecological functions and the quality of landscape, water and soil
are secured in nature reserves. During the past decades, much has been invested in

nature: new nature is being developed and many measures have been implemented
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to counteract the effects of fragmentation, water depletion, acidification and

eutrophication on nature.

Nature reserves play a crucial role in the preservation of bio-diversity. To better
guarantee this process, Natura 2000 areas were designated and the Ecological
Structure (EHS) was formulated. Nature outside the Natura 2000 areas is currently

being evaluated with regard to the management type areas, in the framework of the

Subsidy Scheme Nature and Landscape (SNL).

Besides the intrinsic value,
nature also has an

economic value. The Dutch

woods are harvested for

. . - .y timber, provide recreation,
boost the value of houses situated in their vicinity and groundwater, extracted from
large nature areas and processed into drinking water, has a superior quality owing to

the filtering action of the soil and the absence of sources of pollution.

Changes caused by fluctuations in the CO2 content of the atmosphere can have a
considerable effect on the quality of nature conservation areas and subsequently,
their functions. A higher CO2 content could act as an extra *fertilizer’. Because of a
changing climate, for example changes in temperature and precipitation, species
currently present here could face hardship and possibly even become (locally) extinct
while survival possibilities are opened for other (southern) species. In addition,
indirect effects such as increased mineralization, for example, could have an

influence on the presence or absence of species.

This delta fact addresses the effects of climate change on terrestrial nature and the
manner in which these effects are included in forecasting models in the Netherlands.
Information has partly been obtained from projects executed for the research
programs of CcSp (Klimaat voor Ruimte) and Knowledge for Climate (Kennis voor
Klimaat) as well as research conducted outside these programs, for instance the
Ministry of Economic Affairs, Agriculture and Innovation (ELI) and in European

projects.
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Climate Changes Spatial Planning studied the impact of climate change and ways in

which to deal with it, tailored to the lack of space, to support the decision-making
about the country’s future spatial planning. This program was completed in
December 2011.

Knowledge for Climate is mainly directed at the knowledge the Netherlands has and

the organization of that knowledge into making the country climate proof. The
intention is to first increase the Netherlands’ climate proofing and to then draw
attention to this climate proofing and its accompanying knowledge base and
experience. This should enhance the climate for business establishment and

strengthen the export position of ‘climate and delta technology’.

To cluster knowledge about climate change, a Climate portal was set up by the
Platform Communication on Climate Change (PCCC). The PCCC is a co-operation of
climate scientists of PBL, KNMI, NWO, WUR, UU, ECN, VU-A’'dam, TNO and Deltares.

The climate portal is the digital access of the Dutch knowledge institutes where up-

to-date knowledge is gathered and integrated in relation to climate, climate change,
consequences of climate change, adaptation and adjustment possibilities, mitigation
measures and made available to policy makers, business sectors, interest groups,

media and the public in general.

2. Related topics and Delta Facts
Climate scenarios, groundwater, adaptation and climate proofing

Related delta facts: effects of climate change on agriculture, soil as a buffer

3. Climate change and nature

The effects of increased CO2 content and climate change on nature can be grouped
into three substantial effects: the direct effect of increased CO2 levels, changes in
precipitation and temperature changes.

Increased CO2 levels in the atmosphere have a direct effect on plants. CO2 can be
considered a fertilizer for the air, much like nitrogen is a fertilizer for the soil. In
essence, plants could grow faster if it were increased, provided that other
requirements (nutrients, light) are not limiting. It is possible that increased CO2
content will have a similar effect on plant growth as the nitrogen deposition, which


https://klimaatonderzoeknederland.nl/
http://www.kennisvoorklimaat.nl/
http://www.klimaatportaal.nl/
https://www.stowa.nl/deltafacts/zoetwatervoorziening/delta-facts-english-versions/effects-climate-change-agriculture
https://www.stowa.nl/deltafacts/zoetwatervoorziening/delta-facts-english-versions/soil-buffer
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may change mutual competition. This could subsequently result in changes in

ecosystems that, in turn, have effects on ecosystem functions.
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The climate also changes because of an increased CO2 levels. The expected and
measured climate changes in the Netherlands will influence the temperature,
precipitation, evaporation and weather extremes. In 2006, KNMI formulated four
new climate scenarios for the Netherlands. These scenarios forecast an image of the
possible changes in temperature, precipitation, wind speed and sea level for a
climatological period of 30 years and are intended to be exploratory studies into the
effects of climate change and possible adaptation to these changes. The table below
provides and overview: on the left are the results for the target year 2050 and on
the right, for the year 2100.

Global rise in temperature

Changes in air flow patterns Western Europe

Winter average temperature
coldest winter day of the year
average precipitation
number of wet days (20.1mm)

10 day precipitation sum
exceeded once per decade /
once every 10 years

highest day-average wind speed
per annum

Summer average temperature
warmest summer day of the year
average precipitation
number of wet days (20.1mm)

day sum of precipitation,
exceeded once per decade /
once every 10 years

potential evaporation

Sea level absolute increase (cm)

Each of the KNMI-06 scenarios consists of a number of corresponding trends:

e the warming persists, so mild winters and warm summers occur more
frequently;

e 0N average, the winters are wetter and extreme amounts of rainfall increase;

e the intensity of extremely heavy rainfall in summer increases while the
number of rainy summer days actually decreases;

e the calculated changes in wind climate are small if compared to the natural
unpredictability;

o the sea level keeps rising.
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Do bear in mind that the climate scenarios do not make statements about the
weather on a certain date, only about average weather and the probabilities of
extreme weather in the future. The climate in the chosen benchmark year 1990
contains data ranging from 1976 up to and including 2005. The scenarios for 2050
and 2100 are representative for the climate in the period round about that year (so
between 2036 and 2065, and between 2085 and 2115).

In a supplement (KNMI 2009) the KNMI concludes that the calculated climate
scenarios have not become out-dated by specific recent developments. According to
current opinions, the four KNMI'06 scenarios combined represent the most probable
changes likely to occur in the Netherlands, with the accompanying uncertainties.
New insights do indicate that the rapid warming in the Netherlands and Western
Europe are described best in the W/W+-scenario. The increased intensity of heavy
precipitation is well rendered in the G/W-scenarios. Besides possible lengthy periods
of drought as seen in the G+/W+-scenarios, periods of wetter weather will occur
more frequently in coastal regions, as described in the G/W-scenarios. The KNMI will
formulate new climate scenarios in 2013. The above-mentioned insights and possible

new insights, including the spatial differentiation, will be included.

One of the factors that will have a substantial
influence on nature and bio-diversity is the
changing precipitation. More rain could help to
solve the water depletion problem. It is
important however, that when it does rain,
something is done with the large quantities of
precipitation. If the precipitation mainly occurs
in winter and/or if the water is rapidly
discharged, little positive effect will be
experienced from increased precipitation.
Wetter summers could prove a challenge for
preserving drift-sand while dry summers could
prove to be a challenge for preserving wet
ecosystems such as raised bogs (van Bodegom
et al., 2011, Bijlsma et al., 2011).

IPO has produced map images of such climate change patterns (see examples
below). For the potential precipitation surplus (rainfall minus reference crop


http://www.knmi.nl/klimaatscenarios/documents/brochure09.pdf
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evaporation) W and W+ are respectively the wettest and the driest of the four

scenarios.

Average number of days per annum with more than 15 mm precipitation in the provinces Groningen en Drenthe (flooding)
1976 - 2005 - w Wi+ . 4- 6days
e ; . { : 6- 8days
@ 1 ¢ 8-10 days
10-12 days
12-14 days

14-16 days
16-18 days

bebouwd gebied

Average precipitation in the half year with summer in the province Gelderland (drought)

1976 -2005 W ¥

275-300 mm
. 300-325mm
325-350 mm
350-375mm
375-400 mm
400- 425 mm

425-450 mm
450-475mm

Annual meteorological data, preferably on a daily basis, are required to calculate the
effects of climate change on the development of nature.

To calculate the effects of climate change on agricultural yield requires
meteorological data on the whole year, preferably on a daily basis. KNMI has
developed tools that make it possible to transform a time series based on daily
rainfall, reference evaporation and temperature of a random measuring station to a
future climate. This transformation not only takes into account the changes in the
amount of precipitation, but also the changes in the intensity distribution of rainfall

and shift changes in the precipitation distribution across the seasons.

Temperature change can also have a considerable effect on nature. It could become
warm enough for large groups of species currently inhabiting areas south of the
Netherlands to migrate north and live here. It could concern a large group of
species; after all, during the past years the climate in southern Netherlands has been
comparable to Lyon. On the other hand, there are certain species that will face more
difficult conditions, as they regularly need frost for survival and on whom other

species depend for their survival in turn. These species could disappear from the
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Netherlands. The same applies to newly arriving and departing species. This could
result in changing competitive positions and could have impacts on the ecosystems
and they way in which they function (Bodegom et al. 2011).
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Using the same method, KNMI developed tools for the National Model and Data
Centre [Nationaal Modellen en Data Centrum] (NMDC) for gathering data in relation
to radiation, humidity, wind speed and temperature so that National Hydrological
Tool (NHI)[Nationaal Hydrologisch Instrumentarium] is able to calculate the actual
evaporation in accordance with the Penman- Monteith method. In this way, it is
possible to make comparisons between crop growth, evaporation and the resulting
groundwater supplement in a changing climate. Nowadays, the KNMI also has a
better insight into regional differences of climate change in the Netherlands.
Forecasts for changes in precipitation patterns for coastal areas are different to
forecasts for the interior. In the tools to be developed for transforming the climate
series, this spatial differentiation will be included.


http://www.nmdc.eu/index.php/innovatieprojecten/53-kritische-zone
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4. Models

The Dutch traditionally use models to calculate the effects of future scenarios. The
Environmental Assessment Agency (Natuur Planbureau) frequently uses their Nature
planner together with the SMART2 models.

(Mol et al., 2007), SUMO2 (Wamelink et al., 2009a), MOVE4 (van Adrichem et al.,
2007?) and Biodiv of NTM (Wamelink et al., 2003).

For forest growth, there is FORSPACE (Kramer et al., 2001) or EFISCEN (also on
European scale; Puissinen et al., 2009). Besides this, other options are for instance
Century-PROBE (KWR, Witte et al., 2007; Bartholomeus et al., 2008) and NUCOM
(Heijmans et al., 2008), whereby the latter model in particular is used for scientific
process research. Hydrology frequently uses models that are now combined in NHI
and sometimes reverts back to maps with groundwater information, whether or not

influenced by scenarios.
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Even though there are a number of different models (chains) available, the
calculated processes are largely the same even though there are important
differences in emphasis. The hydrological information is often obtained from other
models, such as the NHI or separate models within NHI or even affiliated models. For
the modelling of natural vegetation, the potential evaporation, the groundwater
levels or oxygen and drought related stress is used for modelling calculations.
Nutrient cycles are subsequently calculated, sometimes limited to only nitrogen and
sometimes including alkaline cations and phosphorus. Typical results regarding soil
calculations are the pH value, the C/N balance, the availability and concentrations of
nitrogen and ammonium. The availability of nutrients and moisture for the
vegetation is passed on the vegetation model with which biomass is modelled,

generally for a number of functional types of vegetation.

In the vegetation success models, based on the bio-mass distribution across the
functional types - for instance trees, shrubs, stunted shrubs, grasses and herbs -

the presence of types of vegetation is verified.

However, this type of vegetation can change during the course of a model run. The
SUMO model therefore additionally models the management policy executed. This
does not only have an influence on the vegetation structure but also on the quantity
of biomass and the nutrients drained from the system. The most common forms of
management are included in the model, such as mowing, turf and forestry
management. In addition, the effects of grazing are modelled for fifteen different

types of grazers - wild as well as domesticated grazers.

One of the means used for measuring bio-diversity is looking at the kinds or types of
vegetation that could be present. The possible composition of plant varieties is then
based on the data yielded by soil modelling related to the availability of nitrogen, the
degree of acidity (pH value) and the availability of moisture, in PROBE and Move for

instance.

Assessment is made according to the predicted number of target species and/or the
number of undesired species. NTM is an alternative method based on species, in
which all species were allocated a nature conservation value. This nature
conservation value was subsequently linked to the soil parameters. In this way, the

forecast for nature conservation is based on the soil parameters.
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With regard to animals, the point of departure often is the sustainable presence of
populations, using the Metaphor en LARCH models. Based on species characteristics,

landscape features and connectivity as well as landscape coherence, assessments
are made on whether a species can sustainably exist. This method is also frequently
used to evaluate the connectivity of the landscape and make recommendations for

connections between fragmented parts of the landscape.
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5. Knowledge gaps

New species

Even though the models mentioned all have modifications to include climate change
in the calculations, there are still many uncertainties. Probably one of the most
important of these is the effect that climate change will have on the departure of
certain species, but also on the arrival of other species. This will have an effect on
the competitive position of all species. Not only do the new arrivals have to conquer
a place for themselves but also the species that remain here have to do the same in
the face of new competition. The dispersal capacity of species will play an important
role. In the past attention was mainly focused on the dispersal of animals but the
issues related to limited dispersion capacity and barriers also applies to plants.
Calculations in this regard can be executed for animals with LARCH (2002) or

Metaphor (Vos et al., 2001) and for plant species, with DIMO (Wamelink et al., in
prep).

Soil and groundwater processes

On yet another scale, there are the direct and indirect influences of climate change
on soil and groundwater processes. Various models have had different modifications;
often these were based on different insights. The advantage is that the different
models can be compared and partly independent effects can be calculated. However,
the most important effects of climate change on soil processes are still relatively
unknown. An additional complicating factor is that there are indications that the
speed of mineralization could (temporarily) increase under certain conditions. During
the year this is an increased net yield of nitrogen availability and therefore, it could

result in a continued (internal) fertilization of nature.

Interaction with other themes

The effects of climate change are linked to several themes such as fragmentation,
dehydration and fertilization. Two of these have been touched on above. Particularly
the effect of climate change on the fragmentation of plant species, in combination
with its dispersion capacity, is still rather unknown. Quite a reasonable amount of
fundamental research has been executed but for the national effects per species,
considerable information per species is needed. The possibilities related to allowing
plants to disperse through a fragmented landscape (wind, animal etc) are relatively
unknown factors. However, in relation to animals, essential information is also often

lacking.


http://content.alterra.wur.nl/Webdocs/PDFFiles/Alterrarapporten/AlterraRapport492.pdf
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Whether climate change will have an effect on nitrogen availability is as yet unknown
and it is quite possible that it is a regional effect that corresponds with the
availability of moisture. What is clear however, is the fact that should mineralization
increase and with that the availability of nitrogen, this would be added to the
problem of nitrogen deposition. It could finally result in decreasing the critical
deposition values. Important in this regard are the effects of climate change on
precipitation and moisture availability. Mineralization could be affected by changes in
this regard. The fact that precipitation and availability of water have an influence on
dehydration does not come as a surprise. However, the amount of precipitation is
part of the climate scenarios and the effects of that are subject to research
estimates. Calculating future effects therefore contain uncertainty. An example of
this is found in the differences between the W en W+ scenario, whereby the
dehydration under the W scenario possibly decreases and in the W+ scenario it

increases.

Many discussions (mainly international) either solely address climate change or
solely address nitrogen deposition while it is most likely that there is an interaction
between the two. This interaction is hardly taken into consideration. In

fragmentation and dehydration, this is clearly less prominent.

6. Currently active research

Fundiv EU project

Within the European Fundiv project, research is executed into the effect of climate
change, air pollution and management due to the bio-diversity of trees in European

forests. Among other things, the water and nutrient cycle is being looked at.

VIDI project Monique Heijmans

Global warming is strongest in the very North and may have consequences for the
stability of the permafrost soils and greenhouse gas emissions that will result.
Tundra vegetation will also be affected by global warming: shrubs in particular are
increasingly expanding. Field research, by Wageningen University (NCP) in the
pristine tundra of Northeast Siberia showed that shrub vegetation protects the

permafrost and, in doing so, provides a reduction in thaw.

During the five years of the Vidi research programme, field experiments are used to
assess how the vegetation influences the thawing of permafrost and what the
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subsequent consequences are for the soil processes and for the composition of
vegetation. The findings are processed in a tundra ecosystem model, NUCOM-tundra,
which will be used to determine the long-term effects of climate change on
composition of vegetation and permafrost thaw. By learning about the processes that
are important on the tundra, new insights are possibly gained in the processes that

also play a part in climate change in the Netherlands.

Care project KVK

In the Care project, part of Knowledge for Climate, research is executed into the
effect of climate change on water balance, the composition of vegetation and
ecological networks for animals and plants. The objective is to assess which adaptive
strategies are required to climate proof the abovementioned functions. Research is
taking place into spatial and habitat requirement of species, while attention is also
paid to how managers are dealing with change and the proposed adaptation
strategies. Care is innovative because it strives to optimize in water management,

bio-diversity, the extraction of drinking water, recreation and agriculture.

NMDC innovation project Integraal Waterbeheer, Kritische Zone

In this NMDC-innovation project for the Nationale Modellen en Data Centrum, several
knowledge institutes WUR, TNO, Deltares, PBL and the KNMI are cooperating in
order to fine-tune mutual adjustment of models for water management and ensure
suitability for simulating climate effects. In two pilot areas, Walcheren and the

Baakse Beek, models for hydrology, nature and agriculture are linked together.

KNMI is generating a new climate series for forecasting climate effects. For the pilot
in Baakse Beek, MetaSwap was built into the regional hydrological model AMIGO and
linked to SMART2-SUMOZ2. In the pilots the current situation is dynamically
calculated in time (1980 -2010) and the future situation (2035-2065) according to
the climate scenarios G and W+. The effects for the soil and for nature will
subsequently be calculated by models SMART-SUMO and NTM to be able to make
statements about climate change and soil processes, vegetation growth and

composition and bio-diveristy.

At the same time as the NMDC project Baakse Beek, a project is running at the
Provincial authority Gelderland in which the effects of climate change in the area will
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be researched by KWR with the Century PROBE models. For the area process and
efficient knowledge development, both model studies will be synchronized.

7. References & links

References

e Bartholomeus, R.P., Witte J.-P.M., Bodegom, P.M. van Dam J].C. van & Aerts,
R.2008. Critical soil conditions for oxygen stress to plant roots: substituting the
Feddes-function by a process-based model. Journal of Hydrology 360: 147-165

e Bijlsma, R.J., A.J.M. Jansen, J. Limpens, M.F. Wallis de Vries & J.P.M. Witte.

2011. Hoogveen en klimaatverandering in Nederland. Alterra rapport 2225.

Alterra, Wageningen. [Hoogeveen and climate change in the Netherlands]
e De Vries, W., S. Solberg, M. Dobbertin, H. Sterba, D. Laubhann, M. van Oijen, C.
Evans, P. Gundersen, J. Kros, G.W.W. Wamelink, G.J Reinds and M.A. Sutton,

2009. The impact of nitrogen deposition on carbon sequestration by terrestrial

ecosystems. Forest Ecology and Management 258: 1814-1823.

e Heijmans, M.M.P.D., Mauquoy, Dmitri, van Geel, B. & Berendse, F. 2008. Long-

term effects of climate change on vegetation and carbon dynamics in peat bogs.
Journal of Vegetation Science 19: 307-320.

e Heijmans, M.M.P.D., F. Berendse 2009. State of the art review on climate change
impacts on natural ecosystems and adaptation KfC report number KfC 009/09.
ISBN 978-94-90070-09-0.

e Kramer, K., Braveco, H., Bijlsma, R.]J., Clerkx, A.P.P.M., Dam, J.,Groen, T.A,,
Groot Bruinderink, G.W.T.A., Jorritsma, I.T.M.,Kalkhoven, J., Kuiters, A.T.,

Lammertsam, D., Prins, R.A., Sanders, M., Wegman, R., Van Wieren, S.E.,

Wijdeven, S., van der Wijngaart, R. 2001. Landscape forming processes and

diversity of forested landscapes—description and application of the model
FORSPACE. Alterra-Rapport No. 216. Alterra, Wageningen.

e Mol-Dijkstra J.P., G.]J. Reinds, H. Kros, B. Berg, W. de Vries. 2009. Modelling soil
carbon sequestration of intensively monitored forest plots in Europe by three

different approaches. Forest Ecology and Management 258: 1780-1793.
(betaald)
e Pouwels, R., R. Jochem, M.].S.M. Reijnen, S.R. Hensen & J.G.M. van der Greft.

2002. LARCH voor ruimtelijk ecologische beoordelingen van landschappen.

Alterra rapport 492. Alterra, Wageningen. [LARCH for spatial ecological

assessment of landscapes]


http://content.alterra.wur.nl/Webdocs/PDFFiles/Alterrarapporten/AlterraRapport2225.pdf
http://content.alterra.wur.nl/Webdocs/PDFFiles/Alterrarapporten/AlterraRapport2225.pdf
http://content.alterra.wur.nl/Webdocs/PDFFiles/Alterrarapporten/AlterraRapport2225.pdf
http://www.sciencedirect.com/science/article/pii/S0378112709001479
http://www.sciencedirect.com/science/article/pii/S0378112709001479
http://www.sciencedirect.com/science/article/pii/S0378112709001479
http://www.sciencedirect.com/science/article/pii/S0378112709001479
http://www.google.nl/url?sa=t&rct=j&q=long-term%20effects%20of%20climate%20change%20on%20vegetation%20and%20carbon%20dynamics%20in%20peat%20bogs&source=web&cd=1&ved=0CB8QFjAA&url=http%3A%2F%2Fdare.uva.nl%2Fdocument%2F127283&ei=unD0Tq_nEYOr-gb3jrXBAQ&usg=AFQjCNGvEqws24I8-fDkMKkQgtNXrLf3nQ
http://www.google.nl/url?sa=t&rct=j&q=long-term%20effects%20of%20climate%20change%20on%20vegetation%20and%20carbon%20dynamics%20in%20peat%20bogs&source=web&cd=1&ved=0CB8QFjAA&url=http%3A%2F%2Fdare.uva.nl%2Fdocument%2F127283&ei=unD0Tq_nEYOr-gb3jrXBAQ&usg=AFQjCNGvEqws24I8-fDkMKkQgtNXrLf3nQ
http://www.google.nl/url?sa=t&rct=j&q=long-term%20effects%20of%20climate%20change%20on%20vegetation%20and%20carbon%20dynamics%20in%20peat%20bogs&source=web&cd=1&ved=0CB8QFjAA&url=http%3A%2F%2Fdare.uva.nl%2Fdocument%2F127283&ei=unD0Tq_nEYOr-gb3jrXBAQ&usg=AFQjCNGvEqws24I8-fDkMKkQgtNXrLf3nQ
http://www.google.nl/url?sa=t&rct=j&q=state%20of%20the%20art%20review%20on%20climate%20change%20impacts%20on%20natural%20ecosystems%20and%20adaptation&source=web&cd=1&ved=0CBoQFjAA&url=http%3A%2F%2Fpromise.klimaatvoorruimte.nl%2Fpro1%2Fpublications%2Fshow_publication.asp%3Fdocumentid%3D2423%26GUID%3Dce930e55-1ed3-4bf1-aa6a-a83c6dca4ae5&ei=7nD0TtGsIcme-QaAuf2-AQ&usg=AFQjCNGnDPgjFnp7EjdZhc_8g0Akx-C9kQ
http://www.google.nl/url?sa=t&rct=j&q=state%20of%20the%20art%20review%20on%20climate%20change%20impacts%20on%20natural%20ecosystems%20and%20adaptation&source=web&cd=1&ved=0CBoQFjAA&url=http%3A%2F%2Fpromise.klimaatvoorruimte.nl%2Fpro1%2Fpublications%2Fshow_publication.asp%3Fdocumentid%3D2423%26GUID%3Dce930e55-1ed3-4bf1-aa6a-a83c6dca4ae5&ei=7nD0TtGsIcme-QaAuf2-AQ&usg=AFQjCNGnDPgjFnp7EjdZhc_8g0Akx-C9kQ
http://www.google.nl/url?sa=t&rct=j&q=state%20of%20the%20art%20review%20on%20climate%20change%20impacts%20on%20natural%20ecosystems%20and%20adaptation&source=web&cd=1&ved=0CBoQFjAA&url=http%3A%2F%2Fpromise.klimaatvoorruimte.nl%2Fpro1%2Fpublications%2Fshow_publication.asp%3Fdocumentid%3D2423%26GUID%3Dce930e55-1ed3-4bf1-aa6a-a83c6dca4ae5&ei=7nD0TtGsIcme-QaAuf2-AQ&usg=AFQjCNGnDPgjFnp7EjdZhc_8g0Akx-C9kQ
http://content.alterra.wur.nl/Webdocs/PDFFiles/Alterrarapporten/AlterraRapport216.pdf
http://content.alterra.wur.nl/Webdocs/PDFFiles/Alterrarapporten/AlterraRapport216.pdf
http://content.alterra.wur.nl/Webdocs/PDFFiles/Alterrarapporten/AlterraRapport216.pdf
http://content.alterra.wur.nl/Webdocs/PDFFiles/Alterrarapporten/AlterraRapport216.pdf
http://content.alterra.wur.nl/Webdocs/PDFFiles/Alterrarapporten/AlterraRapport216.pdf
http://content.alterra.wur.nl/Webdocs/PDFFiles/Alterrarapporten/AlterraRapport216.pdf
http://www.sciencedirect.com/science/article/pii/S0378112708006804
http://www.sciencedirect.com/science/article/pii/S0378112708006804
http://www.sciencedirect.com/science/article/pii/S0378112708006804
http://content.alterra.wur.nl/Webdocs/PDFFiles/Alterrarapporten/AlterraRapport492.pdf
http://content.alterra.wur.nl/Webdocs/PDFFiles/Alterrarapporten/AlterraRapport492.pdf
http://content.alterra.wur.nl/Webdocs/PDFFiles/Alterrarapporten/AlterraRapport492.pdf

siowa

Pussinen, R., G.J, Nabuurs, R. Wieggers, G.J. Reinds, G.W.W. Wamelink, J. Kros,
J. P. Mol-Dijkstra and W. de Vries, 2009. Modelling long term impacts of

environmental change on mid- and high-latitude European forests and options for

adaptive forest management. Forest Ecology and Management 258: 1806-1813.
(betaald)

van Bodegom. P.M. H. Verboom-Vasijev H. Witte J.P.M. C.C. Vos C.C.
Bartholomeus R. Cormont A. Geertsema W. en van der Veen M. 2011. Vochtige

ecosystemen kwetsbaar. Landschap 282: 92-103 [Wet ecosystems are
vulnerable]

Vos, C.C., Verboom, J., Opdam, P.F.M. & Ter Braak C.].F. 2001.Towards
ecologically scaled landscape indices, The American Naturalist 183: 24-41.
Wamelink, G.W.W., Braak, C.J.F. ter & Dobben, H.F. van. 2003. Changes in

large-scale patterns of plant biodiversity predicted from environmental economic

scenarios. Landscape Ecology 18: 513-527.
Wamelink, G.W.W., H.F. van Dobben & F. Berendse. 2009a. Vegetation

succession as affected by decreasing nitrogen deposition, soil characteristics and

site management: a modelling approach. Forest Ecology and Management 258:
1762-1773.
Wamelink, G.W.W., R. Wieggers, G.J. Reinds, J. Kros, J. P. Mol-Dijkstra, M. van

QOijen and W. de Vries, 2009b. Modelling impacts of changes in carbon dioxide

concentration, climate and nitrogen deposition on carbon sequestration by

European forest and forest soils. Forest Ecology and Management 258: 1794-
1805. (betaald)

Wamelink, G.W.W., R. Jochem, J. van der Greft, C. Grashof-Bokdam, R.M.A.
Wegman, G.J. Franke & A.H. Prins. 2012. Het plantendispersiemodel DIMO. Ter

verbetering van de modellering in de Natuurplanner. Wageningen, Alterra in

prep. [For improvement of modelling in the Nature planner]

Witte, J.P.M., Haan, M. de and Hootsmans, M.J.M. 2007. PROBE: een ruimtelijk
model voor vegetatiedoelen. Landschap 24 (2): 77-87. [A spatial model for
vegetation purposes]

Links

Climate scenarios KNMI: http://www.knmi.nl/klimaatscenarios/
CO2 scenario IPCC: http://www.ipcc.ch/index.htm
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Nederland: http://www.klimaatonderzoeknederland.nl/
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e Bundeling knowledge for climate: http://www.klimaatportaal.nl/
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results derived therefrom must be critically reviewed. The author(s) and STOWA
cannot be held liable for any damage caused by application of the ideas presented in

this publication.
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