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Climate change is predicted to lead to an increase of global temperature and to 

changes in the global water cycle. These changes in the water cycle include changes 

in precipitation amounts and patterns. This means that water availability, water 

table fluctuations and groundwater discharge fluxes are likely to change. Vegetation 

communities are susceptible to these changes, since these are important drivers of 

the structure and composition of plant species communities. To mitigate potential 

negative effects of changes in water availability, water table fluctuations and 

groundwater chemistry (i.e. groundwater recharge or discharge) on vegetation 

communities, climate adaptation measures can be implemented. Stream valleys 

catchments are suitable model systems to evaluate the effects of climate change and 

climate adaptation measures, due to their dependence on precipitation, which 

makes them vulnerable to the anticipated precipitation changes. Since upstream 

measures also affect the downstream area of the catchment, it is essential to consider 

the entire catchment scale. Stream valley catchments provide a wide gradient of 

water availability, water table fluctuations, water chemistry and soil properties. As a 

consequence of this large variety of environmental gradients, these catchments are 

species-rich environments and worth protecting in the future climate. They 

therefore provide a suitable case study for implementing and testing the suitability 

of climate adaptation measures. 

 The first step to achieve this is a hydrological modelling approach with 

which the effects of climate change and adaptation measures on water availability, 

water table fluctuations and water chemistry can be evaluated for an entire 

catchment. Furthermore, by coupling these results to a vegetation model, the effects 

of aforementioned changes on the whole water-vegetation system can be assessed. 

However, these models work with average values and thus the effects of extreme 

hydrological events on plant species functioning is unknown and therefore not 

accounted for in the models. Furthermore, the endangered vegetation communities 

in stream valley catchments depend on regional groundwater discharge. These 

groundwater flow patterns may change due to precipitation changes, thereby 

affecting vegetation communities. Additionally, it is not known why the endangered 

plant species occur especially at such locations. This needs to be researched so that it 

can be taken into account for the modelling. Furthermore, other land use types, such 

as agriculture, are also likely to be affected by climate change, due to their 

dependence on water availability. This may lead to different agricultural practices 

which affect in turn hydrology and thus vegetation patterns, and are therefore 

important to take into account as well.  
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 The aim of this PhD thesis is therefore to investigate how to configure the 

spatial arrangement of landscape elements in stream valley catchments to optimize 

biodiversity under various scenarios of climate change and climate adaptation 

measures. This has been done by applying different approaches: (i) modelling, (ii) a 

greenhouse experiment, (iii) database analyses, and (iv) field work. This thesis 

focuses on a stream valley catchment in the South-Eastern part of the Netherlands, 

the Tungelroyse Beek (157 km
2
).  Around 1850, the upper part of the catchment 

consisted mostly of swamp and heath areas. Around the beginning of the 20th 

century, a large part of the catchment has been drained for peat extraction. 

Agricultural activities increased which led to a more intense drainage of the area, 

and initiated desiccation of nature areas. Nowadays, the catchment consists of 

agricultural land (ca. 67 %, including grasslands), urban area (ca. 16 %), nature areas 

(ca. 16 %) and open water (ca. 1 %)  

 In chapter two the effects of climate change and climate adaptation 

measures on hydrology and vegetation communities were evaluated with a 

hydrology-vegetation modelling approach. A wet and dry climate change scenario 

were implemented, combined with a water conservation scenario. The results 

showed that groundwater tables increased on average in the wet climate (up to 15 

cm) and decreased in the dry climate (-12 cm). The associated changes in vegetation 

communities were very small (~1 percentage point). The climate adaptation 

measures overruled these effects by increasing water availability and changing 

hydrology and vegetation patterns more than climate change did. The adaptation 

measures were thus effective to buffer negative effects of climate change, although 

the measures should be carefully designed for the local and regional conditions in 

order to guarantee their success. 

In the third chapter, the effects of extreme drought and inundation events 

on 25 riparian plant species were tested. Both the number of events (1 or 2) and the 

sequence of the events were tested. Plant species responses were recorded in terms 

of plant performance and plant trait plasticity, which is the ability of a plant to 

adjust their characteristics (i.e. traits) to changing abiotic conditions (such as 

increased formation of aerenchyma root tissue during flooding). This has been done 

by conducting a greenhouse experiment. Plant performance was severely reduced 

under the fluctuating water conditions. Importantly, the sequence of the extreme 

events (extremely dry or extremely wet) determined plant responses. Plant species 

did not show trait plasticity. Root porosity, specific leaf area and leaf phosphorus 

content are potential predictors of species responses to extreme hydrological events. 
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The trait-based approach has also been applied in chapter four to 

distinguish between plant species that occur mainly at regional groundwater 

discharge sites and species that occur at wet groundwater recharge sites. A database 

with discharge and recharge plant species and their associated trait values was 

created. Linear regressions showed that plant species that occur mostly at 

groundwater discharge sites have a relatively low maximum canopy height, high 

seed mass, low clonal growth and leaf phosphorus content, and a high leaf N:P ratio. 

The explained variance was however low (R
2
≤0.09). 

In the fifth chapter, a new model tool was used to differentiate between 

local and regional groundwater discharge sites. These results were compared with 

field data. The new model tool matched better with the data collected in the field 

than the ‘standard’ model output and thus improved the model performance. The 

groundwater flow patterns changed when climate change scenarios were 

implemented, although there were large spatial differences. This means that regional 

groundwater flow may decrease at one location but increase elsewhere.  

The effects of climate and socio-economic change, climate adaptation 

measures and policy legislation on agricultural land use changes and subsequent on 

hydrology and vegetation distribution and communities were evaluated in chapter 

six. The combination of all these factors triggered the biggest vegetation responses. 

Of the separate factors, the land use changes triggered the biggest effects, followed 

by the climate adaptation measures and climate change. These results stress the 

importance of implementing an interdisciplinary model approach to successfully 

evaluate vegetation responses. 

This PhD thesis shows that stream valley catchments are affected by climate 

change. Hydrological climate adaptation measures can be implemented to reduce 

the negative effects of climate change. The magnitude of these effects differ 

throughout the catchment, due to the heterogeneous character of stream valley 

catchments. Four new insights were gained which can improve future hydrology-

vegetation modelling. These are: (i) new relations between hydrological extremes 

and plant traits, (ii) new relations between regional groundwater discharge sites and 

plant traits, (iii) distinction between local and regional groundwater discharge in 

hydrological modelling, and (iv) incorporating land use change in the modelling 

approach which provides a more comprehensive view. Implementing these new 

insights and model improvements will contribute to a more robust and realistic 

model approach which will help water and nature managers in developing climate 

robust management plans. 


