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This graduation project proposes a new critical approach towards the design of drought adaptive interurban 
forest structures. The increasing drought during the summer is currently neglected in the design (and manage-
ment) of green structures in the Netherlands. 

Several studies underpin the importance of taking drought stress 
in consideration for the future well-being of trees and forests. 
Gerrits (2010) provides insight into the cause of drought stress 
in accordance with the hydrological cycle of trees. De Vries 
et al. (2000) gives an overview of the indirect factors that can 
contribute to the level of drought stress that trees perceive. 
The research of Brunner (2010) reveals the response mechanism 
of trees. Zadworny et al. (2014) and Pretzsch et al. (2012) showed 
that changing the current forestry practice can result in more 
drought adaptive forest.  However, these studies do not look into 
the spatial implications of the drought-stress. Since, they do not 
consider forests as part of a spatial structure which is embedded 
in a landscape that is defined by its palimpsest, scale-continuum. 

The Utrechtse Heuvelrug serves as a case to map the spatial 
implications of transforming the current forest structure into 
an expanding drought adaptive interurban forest structure.  
The desk analysis of the Utrechtse Heuvelrug provided more 
insights in about current functioning of indirect factors. The 
soil conditions, water cycle appears, and human interference 
appears to make current vegetation less capable of dealing 
with increasing extreme climate conditions. Furthermore 
analyses the forest structure shows that it contains four tree 
constellations: lanes, estates, forest plantations and nature 
reserves.

A new framework is proposed that include these neglected 
spatial aspects. The framework combines the drought stress 
cycle with scales of urban forestry. The framework is applied 
to develop a vision Utrechtse Heuvelrug which is elaborated in 
regional design for the area between Austerlitz and Woudenberg. 
The vision proposed a new forest structure which will be realized 
in two stages. The first stage is the transformation of the 
structure, which consists of the addition of seasonal buffers in 

between the forestry, agricultural and urban cores. The second 
stage consists of the expansion of the forest in patches between 
the forestry, agricultural and urban cores.
The regional design proposes a new green and blue system that 
adapts the current grid to make it drought adaptive. Moreover, 
the adapted grid will facilitate further expansion of the forest. 
The central element is regional water bodies. They buffer 
excesses of rainwater and diminish the amount of water that 
drained into the river Eem and river Rhine through the regional 
canal ‘Valleikanaal’. Two different subsystems are connected to 
these regional water bodies. The purpose is to retain water and 
distribute it later. 

Lastly, the different corresponding constellations which are 
needed to transform and expand the current grid are described. 
This includes seven different constellations. Transforming a new 
forest structure consists of four types of tree constellation. 
The catchment valleys and network of ditches are two 
primary constellations that will be constructed to prevent 
exciting forest of further deteriorating from drought stress. 
The sprengbeek and the zigzag are constellations mainly let 
circulates the retained water. The sprengbeek is responsible for 
disposal whereas the zigzag take care of the (emergency) supply 
of water. The constellation of expansion contains four types of 
tree constellation. These tree-constellations are the backbone 
of both developing agriculture and urban patches. The food 
clearing consists of wooded banks and swamp forests. The living 
clearings is the last constellation which is part of dense forest 
patchwork which will develop in between food clearings. 

All things considered, this graduation project resulted in the 
design of seven tree-constellations. They illustrate spatial 
implications which are necessary to designing drought adaptive 
interurban forest structure in the Utrechtse Heuvelrug.

ABSTRACT 
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The increasing drought during the summer is currently neglected in the design (and management) of forest 
structures in especially the elevated sandy areas of the Netherlands. 

INTRODUCTION

The increasing drought during the summer is currently neglected 
in the design (and management) of forest structures in especially 
the elevated sandy areas of the Netherlands. The changing 
weather patterns due to climate change results in an increasing 
amount of rainfall that precipitates more and more irregularly 
(fig. 1 & 2). It seems that winters will become wetter and the 
summers dryer in the Netherlands. This development influences 
the structure of forests and the species growing and living in the 
forests. 

The increment in both the intensity and the frequency of seasonal 
droughts will affect the functioning of forest structures and 
their ecosystem services. Providing these ecosystem services 
have become more and more critical in spatial strategies and 
policies that supposedly make our society more sustainable. 
However, the performance of these forest structures is at risk 
due to these drought events. Drought compromises, for instance, 
the CO2 storage, cooling-capacity, recreational use and wood 
production. Furthermore, the envisioned expansion of these 
forests will possibly be in vain because their implementation 
neglects drought stress. 

Recent studies to drought stress show that most of the 
knowledge to address it is available. However, it appears that 
current spatial developments in landscape architecture do 
not implement this specialized knowledge. Therefore, a holistic 
landscape architectural approach is proposed to look into 
especially the spatial implications of the drought stress. This 
implies that these trees or forests need to be regarded as spatial 
structures. They are namely embedded in the landscape by its 
palimpsest, scale-continuum and processes. 

It also means that the relationship between forests and cities 
needs to be reconsidered. It implies the replacement of the 
traditionally dualistic view by reconsidering these forest 
structures as the interurban forests. This means that forests 
and cities are henceforth regarded as intertwined systems that 
need to be designed as a whole. In this way, the complexity and 
interdisciplinary character of the problem statement can be 
addressed. 

The primary purpose of this graduation project is mapping the 
spatial implications which are necessary to transform the 
current forest structure of the Utrechtse Heuvelrug into 
an expanding drought adaptive interurban forest structure. 
This project is, therefore divided into two parts. The first part 
contains a literature study and site analysis of the case. The case 
is the area of the Utrechtse Heuvelrug because of its remarkable 

spatial structure which faces different challenges (fig. 3). The 
objective of the theoretical part is to generate a theoretical 
overview of the current understanding of drought (stress) for 
the case of the Utrechtse Heuvelrug. This resulted in a proposed 
framework that uses two axes to combine current knowledge 
of drought stress and urban forestry. Element, constellation 
and structure form the horizontal axis that contains the 
scales of the interurban forest. The four lenses of hydrology, 
ecology, forestry and urban planning are the vertical axis that 
generates principles to design drought adaptively. The framework 
is used in the second part of the graduation project as a method 
to design in a drought adaptive way. 

The second part of the graduation project consists of research 
by design for the sub-area of the Utrechtse Heuvelrug. This part 
shows a range of different options that can be implemented as 
part of a broader vision to build drought adaptive interurban 
forest structure. Therefore it focuses mainly on designing new 
tree constellations. Its scale is ideal for showing the spatial 
component of these interventions. 
Moreover, it comes all together as these tree constellations 
translate spatially the design principles into interventions which 
will contribute to the envisioned functioning of the more overall 
structure. This lead to a design that consists of an overall 
vision for the Utrechtse Heuvelrug. The vision is subsequently 
elaborated in a regional design for the sub-area between 
Austerlitz and Woudenberg. The last part of the chapter shows a 
series of detail designs of the tree constellations that are used 
to realize the regional design. 

The graduation project ends with a discussion and sums it all up in 
an overall conclusion. It discusses the limitations and dilemmas 
of the project from a landscape architectural point of view. 
Moreover, it recommends future possibilities for research and 
design to drought stress.



This chapter looks into the theorical background of drought stress based on a literature study. It is supplemen-
ted by a case study since site-specificness of this issue. Several factors play a role in drought stress cycle. Site 
characterises and Nature management appeared to essential  spatial factors. Drought Sensitivity of these two 
factors are mapped in case study. The case study looks into the DS of these factors. Especially site characteri-
ses depend on the soil, water, ecology conditions.  Moreover, urbanization conditions are mapped to show the DS 
of nature management.  In conclusion, the mapping of drought sensitivity and theorical understanding of drought 
stress are combined into a matrix. The drought adaptive matrix serves as a underlay for drought adaptive 
design of landscapes. 

THEORY

about five per cent driest summer shown that is shortage reach 
a deficit of 300-400 mm. The second reason is the restricted 
access to groundwater. This restriction is usually the result of a 
lowered groundwater level during summer. The groundwater map 
shows, therefore, the average groundwater table during both 
winter (GHG) and summer (GLG). Moreover, this is strengthen by 
the extraction of ground water for drinking water and irrigation 
of agricultural areas. The consequence of gradually lowering 
of the groundwater table is that roots of trees cannot take up 
ground water anymore. 
Furthermore, research to stress mechanism of trees showed 
that six indirect stress factors influence the degree of drought 
stress. De Vries et al. (1999) describes the different types of 
stress that trees have to deal with. The tree age, altitude, soil 
and its drainage class are factors that determine the potential 
stress which relates to the stand and site characteristics of 
the trees. Also, the weather conditions determine the extent of 
stress that trees endure through their transpiration rate and 
air temperature. 

The soil composition is another factor which is determined by 
pH, C/N-ratio and presence of metals and nutrients in the soil. 
Two processes in soil composition increase the vulnerability 
of vegetation to drought stress. The first process is the 
eutrophication by nitrogen. The excess of N causes an increase 
of especially the canopy of the trees. This leads to the further 
imbalance of nutrients and water . The trees consume more water 
and nutrient to maintain their enlarged canopies. The second 
process is the acidification of the soil. This process implies a 
decreased capacity of the soil to neutralize acids. It is the result 
of loading of base cations like calcium, magnesium, potassium and 

FIGURE 4: DROUGHT STRESS CYCLE illustrates the five stages of drought stress that trees preceive.  

DDrought stress is a process that vegetation starts to perceive 
when their growth rate becomes constrained due to a temporally 
restricted uptake of water by its root system. The length of the 
process and the occurring frequency determine the severity of 
drought stress. 
This moisture deficit that trees experience is the result of two 
primary reasons. The first reason is, according to Gerrits (2010), 
deficient precipitation in the hydrological cycle of the vegetation. 
The hydrological cycle shows that rainfall can be divided into 
three flows. The first flow is the part of the precipitation, 
which will be incepted and subsequently evaporated by the soil 
and canopy. The second flow consists of the throughfall and 
stemflow, which will infiltrate and provides (partly) water for 
the roots of vegetation. A third flow is the run-off of water 
on top of the soil, which occurs when the soil is temporally 
saturated. This flow results in soil erosion which can be a 
problem in relief-rich areas. 

The long-term average rainfall is 851 mm. However, the rainfall 
is unevenly distributed throughout the year. On the one hand, 
more rain precipitates than evaporation of water during winter. 
This overflow of rainwater will recharge the groundwater 
level. The average is 300 mm/year. However, it depends on the 
type of vegetation. Pine forest has, for example, a low surplus 
of 100-200 mm/year. The surplus of the deciduous forest is 250 
mm/year. Heathlands have a high surplus of 375 mm/year. On 
the other hand, more moisture evaporates than the amount of 
rainfall during the summer. This seasonal deficit is common for 
temperate climates like in the Netherlands. Between April and 
October, The average deficit can be up to 144 mm depending on 
the groundwater level and soil type. However, the statistics 
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sodium. This process complicates the uptake of nutrients which is 
important for the recovery of trees after a drought event. 
`The management of vegetation is another stress factor which 
is influenced by planting and trimming of vegetation. Zadworny 
et al. (2014) showed that the type of forestry influences the 
response of trees to drought stress. Three different practices 
were investigated: sown, planted and coppice. It appears that the 
root system of planted trees and coppice trees do not develop 
taproots. These trees develop usually a shallow root system. 
Only sown trees develop an undisturbed taproot system. Their 
roots grow first vertical taproots before it develops horizontal 
lateral roots. This result in a root system that can reach depth 
between 4 and 23 metres depending on the used tree species and 
its constellation ( Stone & Kalisz, 1991).
A similar result came forward in Tsakaldimi et al. (2009). In his 
research he compared the root architecture between seedlings 
of Quercus Ilex. Naturally generated seedlings showed that 
they have a more balanced shoot-root ratio and longer taproot. 
Therefore these type of seedlings generates trees which are 
better adapted against moisture and nutrients deficit. Low 
rainfall adapted species have a more straightforward root 
system. Moreover, they increase the depth of their roots. 
Pest and diseases are the last factors that generate stress 
for trees. The trees become more sensitive for pest infestations 
and fungi attacks after the drought period. This lead to further 
deterioration of the health of the trees.  the tree diagram (fig. 5)
compares These chararctics of the ten most common tree species 
of the utrechtse heuvelrug.

Drought stress respond mechanism
The drought stress cycle (fig 4.)  shows the response mechanism 
that trees use to deal with drought stress. According to Brunner 
(2015), trees use two strategies to acclimate themselves against 
drought stress. Trees will start first avoiding drought stress by 
applying mechanisms which rebalances its water loss and water 
uptake.  The water loss of trees can be adjusted by stomatal 
closure and limiting its shoot growth. Enhancing of the water 
uptake can be achieved by the formation of deep taproots, the 
growth of fine roots and accumulation of solutes in the root 
system. Subsequently, trees will protect their root system 
against damage when the drought stress becomes too severe. 

This is achieved by the activation of solutes and proteins which 
their protective features will enable the tree to tolerate 
dehydration. Therefore, it will adjust its growth ratio, biotic 
features, physiological processes, anatomical processes and 
molecular configuration. 

However, these mechanisms are limited depending on the 
frequency and intensity of drought stress. The third stage of 
physical damage starts when these mechanisms reach their 
limits. First fungi will die in the root system. The symbioses 
between these Mycorrhizas and root system improves the 
hydraulic conductivity of the roots. After this, it will also 
repel parts of the root system and foliar structure. The 
transportation of water in xylem tissues of the tree gets, for 
instance, disrupted. This is the result of clogging up of transport 
vessels by air. The premature death of fungi and roots will make 
trees more vulnerable to drought stress in the period following 
a drought event. It becomes harder for trees to recover since it 
is less capable of taking up water and nutrients. The last phase 
is the mortality of the tree. This process occurs when the tree 
accumulates enough physiological damage over a more extended 
period. However, the mortality process is still inscrutable in 
recent studies. 

The drought stress cycle explains this process in general. 
However, most factors appear to depend on the context of 
tree. Therefore a case is chosen to analyse it and subsequently 
propose a design. The next chapter contains an analyse the soil, 
water cycle, ecology and urbanisation for the study area.

FIGURE 5: the tree diagram compares four different features of trees to show their drought sensitiveness.
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FIGURE 6: the pleistocene and holocen landscape of the Netherlands FIGURE 7: the areas coverd by ice during the saAle and weichesalien glacation. 

FIGURE 8: geomorfological map of national park the utrechtse heuvelrug
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The soil of the Netherlands can be divided based on surface geology into three categories (fig. 6). The first cate-
gory is young soils which their surface geology date from Holocene. These are usually situated in lower areas. 
The second category is older soils which date back from the Pleistocene. These are situated mostly in the east 
and south of the Netherlands. Lastly, a limited number of both pre-tertiary and tertiary soils remain in the far 
east and south of the Netherlands (De Jager et al. 2007). 

SOIL analysis 

The first map (fig. 9) shows the landscape in 5500 BC. South of the 
moraines is bordered by meandering river system of the rhine.  
The coastal tidal landscape marks the north side of the moraine. 
In between the coastline and the moraines an area developed 
of kwelders and clay in which the lower area partially 
flooded every day, and the higher area clay has been deposed 
permanently. The valleys between the moraines consist of a 
system of streams that drain the (rain)water. Peat grows only in 
limited areas with a weak drainage system. 

The second map (fig. 10) shows the landscape in 3850 B.C. The 
former tidal coastal landscape has changed into a peat 
landscape with one large water body. The river system developed 
a branch to the north. Moreover, peat covers most of the valleys 
(IJssel- and Gelderse valley) between the moraines. 
The fourth map (fig. 12) shows the situation in 800. The river Ijssel 
becomes a full-on river branch of the rhine. The waterbody 
northern of the moraines also obtains its final form. The former 
river branch in Utrecht already disappeared and left an only 
deposit of clay. The landscape is mostly covered by peat in this 
period. Finally, the two settlements have developed next to the 
rivers. 

The landscape (fig. 13) around the moraines starts to become 
cultivated in this period. People start to drain peat and clay 
areas to cultivate the soil for agriculture purposes. The first 
signs of harvesting peat become visible. The amount of water 
bodies increases as a result of peat extraction. Lastly, the 
landscape becomes more urbanized. An increasing amount of 
villages and cities establish themselves in this period. 

The Netherlands used to be part of a marine basin system which 
was characterized by a high sea level and marine and fluvial 
depositions. During this period, the circumstances started 
to fluctuate between cold terrestrial conditions and warm 
deltaic conditions. Ice sheets covered the northern half of 
the Netherlands (fig. 7) during cold terrestrial periods. These 
ice sheets led to the formation of glaciologic structures. 
These structures are moraines that consist of significant 
accumulations of unconsolidated sediments. The Utrechtse 
Heuvelrug is part of a complex of these moraines. This complex 
was developed at the southern edge of the ice sheet and ran till 
Germany and Poland (Bakker & Van der Meer, 2003).

Land forming process during Holocene 
The soil has changed since the start of Holocene. The lower soils 
went through transgressional process during the first half of 
the Holocene. Inundations led to sedimentation the periglacial 
valleys which were formed during the Pleistocene. A sequence 
of soil maps through time shows the development that the ‘ 
Utrechtse Heuvelrug’  and its surrounding landscape undergone 
(Vos, 2015).  

Moreover, humans started to influence the soil as they 
introduced agricultural practices.  These new practices enhanced 
erosion due to deforestation. Moreover, people started to drain 
peat to cultivate crops and stock. This lead to subsidence of soil 
which is still a significant issue for farmers and citizens due to 
salinification and the sinking of buildings. Lastly, people started 
to embank the landscape by building of terps, dykes and canals 
to protect themselves against floods, to transport (easier) 
goods and enlarge their agricultural grounds. 

FIGURE 10: soil reconstruction  the utrechtse heuvelrug in 3850 BC. FIGURE 9: soil  reconstruction  of the utrechtse heuvelrug in 5500 bc. 
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northern grounds. Moder podzol soils (holtpotzol) are common in 
the southernmost part of the Utrechtse Heuvelrug. At the edges 
of the moraine, the soil consists of ordinary hydropodzol soils 
(veldpotzol) with a sand cover. 
Another common soil type is vague soils (Bakker et al., 1982; van 
Trikt & Ahrens 2020a). These mineral soils distinguish themselves 
through the absence of any soil formation processes. Therefore, 
the soil typology did not develop sublayers due to its younger age 
or a lack of organic materials. 

Sandy xerovague soils (Duinvaaggronden) form the sand dunes 
in the Utrechtse Heuvelrug. This soil type is the result of wind 
erosion during the Weichselien. Prevailing tundra climate caused 
sand drifting. This resulted in a layer of sand that covered 
parts of the moraine. This layer of sand started to drift again 
during the middle ages due to lodging and agricultural practice. 
It formed subsequently sand dunes of this drift sand soil 
(Stuifzandgrond). 

The soil at the southern edge of the Utrechtse Heuvelrug consists 
of Clayey xerovague soils (Ooivaaggrond of Poldervaaggrond). 
It consists of cumulative layers of clay minerals which rivers 
(used to) deposited once or twice a year. The clay formed an 
impermeable structure due to the fineness and flattened shape 
of these minerals. This is reinforced by the (slightly) negatively-
charged characteristic of these minerals. Therefore, water can 
hardly infiltrate vertically. 

At the edge of the moraine and in the adherent valley developed 
earth soils (Bakker et al., 1982). These mineral soils are 
characterised by their dark, humic or peaty topsoil layer. 
A small fraction of the soil is ‘enk’ earth soils (enkeerdgrond). 
This soil type is the result of agricultural practice that 
transformed former podzols into these earth soils. These soils 
were fertilised by use of sheep manure and heather. By doing so, 
these soils became suitable for arable farming. These soils are 

The last map (fig 14) of the sequence shows the situation around 
1850. Larger cities are expanding due to the industrial revolution 
in that century. Moreover, land reclamation has been introduced. 
A part of the ancient lakes in the peat landscape is reclaimed as 
lakebed polders. Moreover, less and less of the peat landscape 
remains visible as more and more peat is extracted till the 
beginning of the 20th century. Lastly, only development on top of 
the moraines occurred. Large parts of the sand landscape start 
to drift due to wind erosion. This is the result of overgrazing and 
extraction of heather for agriculture purposes.  

Contemporary soil of the Utrechse Heuvelrug 
The soil map (fig. 8) shows that the soil of the ‘Utrechtse 
Heuvelrug’ consists of sand. The sand soil contains podzol soils 
and vague soils. Also, sandy earth soils and vague soils are 
common at the transition from the moraine to its surrounding 
landscape (de Bakker & Schelling, 1986). 

Podzol soils consist of sandy soils in which a specific soil 
formation process has occurred (de Bakker et al., 1982; van Trikt 
& Ahrens 2020a). Vegetation has deposited humus in the topsoil 
layer. Infiltrating rainwater dissolves these organic materials 
gradually, whereby the dissolved organic material and iron 
particles precipitate in the deeper soil layer. This results in the 
formation of two subsoil layers underneath the topsoil layer. 
A bleached, ash-grey coloured soil layer is the result of the 
removal of iron particles. Underneath this soil layer, a dark 
brown soil layer is formed by the discharged of the dissolved 
particles. The reduced permeability of this layer prevents 
that this soil formation process influences further the soil 
underneath it. 

Three types of podzols are common in Utrechtse Heuvelrug: Moder 
podzol soils, Xeropodzol soils and of ordinary hydropodzol soils. 
Xeropodzol soils (Haarpotzol) developed on more on the higher 

FIGURE 12: reconcrustion of soil in 800 FIGURE 11: reconcrustion of soil in 500 BC
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FIGURE 13: reconcrustion of soil in 1500 FIGURE 14: reconcrustion of soil in 1850 

usually situated around villages. 
The soil in the adherent valley is sandy hydro-earth 
(beekeerdgrond). The soil consists of two layers. A dark layer 
of organic material developed on top of the mineral layer. These 
soils are usually meadows. 

The analyse of soil structures of the Utrechtse Heuvelrug 
explains their limited water holding capacity. Only at limited 
places, the soil was able to develop an impermeable layer which 
explains the presence of higher located water ponds (vennen). 
The limited water holding capacity is the reason that these type 
of areas are vulnerable to drought stress.
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FIGURE 15: the seepage and infiltration areas in the utrechtse heuvelrug

FIGURE 16: protected areas for the extraction of ground water 
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The development of the soil has shown that it has hardly changed since its formation during the Pleistocene. The 
water system is therefore determined by the geomorphological processes that previously formed topography 
of the Utrechtse Heuvelrug. 

The geomorphological map shows three processes which are 
relevant for the water cycle of the Utrechtse Heuvelrug. 
First of all, the Utrechtse Heuvelrug is part of a complex of 
moraines in the Netherlands. It is the result of glacial processes 
during the sale glaciation period. During this period a glacier 
covered the northern part of The Netherlands. The mass of 
the moving ice elevated deposits which formed ridges in the 
landscape. 

Secondly, these ice sheets also formed dry valleys. A result 
of the tundra climate was the forming of permafrost in this 
period. The frozen soil did not let infiltrate melting water from 
the topsoil layer. The melting water eroded the dry valley 
perpendicular to the slope of the moraine. 

Thirdly, melting water of ice sheet deposited horizontal layers of 
minerals. Gravel and coarse sand were deposed on the moraine. 
Fine sand and loam ended up at the edge of the moraine. These 
deposits formed outwash plains (Sandrs).

The resulting topography of these three land forming processes 
and capillary effect of the water causes the higher groundwater 
table of the area. The groundwater is accumulated in an 
unconfined aquifer which has an open connection with existing 
open water bodies. This results in a flow of water in the subsoil. It 
creates seepage at the edges of the moraines and outwash plains 
(fig. 15). 

The map of the groundwater table in the Utrechtse Heuvelrug 
shows that most of the moraine is classified in the lowest level 
(VIII). The level of groundwater is larger than 140 cm during 
winter (GHG) or 160 cm during summer (GLG). 
Furthermore, the groundwater table is gradually lowering due 
to two human influences. The plantation of coniferous forest 
diminished the amount of rainwater excess. Humans have also 
extracted groundwater for their supply of drinking water since 
the 19th century (fig. 16).  

Soestduinen was the first area which was used to supply 
the surrounding towns of drinking water. Therefore a water 
supply system of pipes and water towers was built. Towns like 
Amersfoort, Zeist, Doorn, Leersum and Bilthoven also built their 
drinking water infrastructure at the beginning of the 20th 
century.  Local entrepreneurs started companies which became 
responsible for the extraction and supply of drinking water. 
Centralisation of the drinking water supply system leads to 
several fusions of these companies like Utrechsche Waterleiding 
Maatschappij, NV Bronwaterleiding Doorn and Venendaalsche 
Waterleidingmaatschappij. This resulted in the current water 
supply company, Vitens. 

The extraction of groundwater led to the protection of these 
natural areas. Activities which endangered the quality of 
drinking water are forbidden in these protected groundwater 
extraction areas. Moreover, an area surrounding these 
protected areas is also protected against any drillings that 
puncture the confining clay bed of the aquifer. 

The water analysis shows that the area lacks the ability to 
buffer water. The conditions generated by the soil prevents the 
formation of naturally formed buffers. Moreover, there was 
no reason for humans to manage the water system artificially 
in the past. A deficient in the precipitation can only be solved by 
developing these buffers. This prevents the further deterioration 
of the water balance.

WATER cycle analysis
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FIGURE 17: the vegeatationtypes of of the forest structure  in the utrechtse heuvelrug

FIGURE 16: the distribution of dECIOUS, MIXED AND coniferous FORESTS.
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The ecosystem in the Utrechtste Heuvelrug is a seasonal forest which consists of five types of vegetations: De-
ciduous Forest, Mixed Forest, Coniferous Forest, Heathland and Sand drift (fig. 16). The vegetation maps show the 
spatial structure of these vegetation types (fig. 17). Furthermore, it appears that three other vegetation types 
grow along the edges of the moraine.  

TThe annual precipitation and average annual temperature 
classify the ecological zone of the Utrechtse Heuvelrug as 
a temperate seasonal forest. However, human existence has 
resulted in a landscape which can be described as a patchwork of 
different natural and managed ecosystems. Natural terrestrial 
ecosystems are for example Coniferous Forests, Temperate 
Deciduous Forests and Heathlands. The managed terrestrial 
ecosystems are managed Grasslands, field crops and urban 
ecosystems. Lastly, the surrounding landscape also contains 
aquatic ecosystems like river and streams and managed aquatic 
ecosystem.  

The forest consists for the most part of dry production forest 
(Kennisnetwerk OBN, 2020e). It grows on sandy soils which are dry, 
nutrient-poor and acidic. Common trees are pine (Pinus sylvestris), 
oak (Quercus robur/Quercus petraea), beech (Fagus sylvatica), 
Douglas (Pseudotsuga menziesii), larch (Larix kaempferi/Larix 
decidua) and Norway spruce (Picea abies). Pine, oak and beech are 
usually planted on poorer soils. While, Beech, Douglas, Larch and 
Norway spruce were also planted on richer sandy soils.
The second vegetation type is Oak, Beech & Pine-forest 
(Kennisnetwerk OBN, 2020d), which is slightly different from 
dry production forests (fig. 19) since wood production is not 
the dominant reason behind the maintenance of these forests. 
Vegetation consists, for instance of at least 80% of native species 
like oak, pine, beech, birch (Betula pendula) and rowan (Sorbus 
aucuparia). The rest of the vegetation consists of exotic species 
like Douglas and Red Oak (Quercus rubra). The deposition of acidic 
leaves from oak and beech trees limits the growth of ground 
vegetation underneath the trees. This results in the typical open 
forest structure. 
The presence and spread of fauna like birds and common flora 
is an indicator of the biotic quality of these forests. These 
forests form the habitat of birds like hawfinch (Coccothraustes 
coccothraustes), Eurasian nuthatch (Sitta europaea), wood 
warbler (Phylloscopus sibilatrix), yellowhammer (Emberiza 
citrinella), green woodpecker (Picus viridis), brambling (Fringilla 
montifringilla), lesser spotted woodpecker (Dryobates minor), 
middle spotted woodpecker (Dendrocoptes medius), common raven 
(Corvus corax), Eurasian siskin (Spinus spinus), common firecrest 
(Regulus ignicapilla), common honey buzzard (Pernis apivorus), 
golden oriole (Oriolus oriolus) and black woodpecker (Dryocopus 
martius). The woodlark (Lullula arborea), yellowhammer 
(Emberiza citrinella), middle spotted woodpecker and golden 
oriole are species of concern. They are rare or endangered key 
species in de Netherlands. 

ThE THird vegetation typology is heathland  (fig. 20), which can 
be divided into two types of heathlands. Dry heathlands are 
the first type of heather. It covers most of the heathlands in 
Utrechtse Heuvelrug. This vegetation typology consists of pioneer 
species which form first succession stage of alkali-poor, sandy 
and loamy soils. Therefore the conservation of this vegetation 
depends on grazing. Moreover, the nutrient-poor conditions 
make it vulnerable to nitrogen deposition (Kennisnetwerk OBN, 
2020b). Dry heathlands contain for at least 60 % of heathers 
like common heather (Calluna vulgaris), crowberry (Empetrum 
nigrum), blueberry (Vaccinium myrtillus), wavy hair-grass 
(Deschampsia flexuosa) and purple moor grass (Molinia 
caerulea). Small groups and solitary shrubs and trees grow 
also in these heathlands. Examples of these shrubs and trees 
are common juniper (Juniperus communis), scotch broom (Cytisus 
scoparius) and birch (Betula pendula). Bare sand soils are also 
common to a limited extend.

Dry heathland is the habitat for birds like woodlark (Lullula 
arborea), red-backed shrike (Lanius collurio), European 
stonechat (Saxicola rubicola), wheatear (Oenanthe oenanthe), 
common curlew (Numenius arquata). Moreover, this vegetation 
type is home for some rare or endangered species like northern 
wryneck (Jynx torquilla), great grey shrike (Lanius excubitor), 
blackcock (Lyrurus tetrix) and Eurasian skylark (Alauda 
arvensis). Lastly, it is also the home for reptiles and insects 
like common adder (Vipera berus), sand lizard (Lacerta agilis), 
grizzled skipper (Pyrgus malvae), blue-winged grasshopper 
(Oedipoda caerulescens), two-spotted ground-hopper (Tetrix 
bipunctata), small heath (Coenonympha pamphilus) and stripe-
winged grasshopper (Stenobothrus lineatus). 

Furthermore, it is the habitat for some rare/endangered species 
like yellowhammer (Emberiza citrinella), two-spotted ground-
hopper (Tetrix bipunctata), Niobe fritillary (Fabriciana niobe), 
dark green fritillary (Speyeria aglaja), rock grayling (Hipparchia 
semele), heath bush-cricket (Gampsocleis glabra), silver-
spotted skipper (Hesperia comma), lesser mottled grasshopper 
(Stenobothrus stigmaticu), wart-biter (Decticus verrucivorus) 
and saddle-backed bush cricket (Ephippiger ephippiger).
The second type of heather grows in (seasonally) wet conditions 
(Kennisnetwerk OBN, 2020a). The temporal presence of water is 
usually the result of a local superficial confining bed of loam or 
podzolic layer. The majority consist of small shrubs like cross-
leaved heath (Erica tetralix), common heather, crowberry and 
purple moor grass. Moreover, it contains smaller patches of bare 
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too labour-intensive to manage them. Dry coppice is situated 
near the villages on dry sandy soils. These ancient production 
forests usually consist of oak, birch or beech. These forests 
are the habitat for flora like hypericum and mosses and fauna 
like woodlark (Lullula arborea), tree pipit (Anthus trivialis), 
yellowhammer (Emberiza citrinella) redstart (Phoenicurus 
phoenicurus), greenfinch (Chloris chloris) and goldfinch 
(Carduelis carduelis).  
 
Wet coppice differentiates a bit since these forests grow on 
more fertile and moist soils. The forest produced wood of 
tree species which prefer moist conditions like alder (Alnus 
glutinosa), ash (Fraxinus excelsior), hazel (Corylus avellana), 
hornbeam (Carpinus betulus) and oak (Quercus Robur/ Quercus 
petraea). These wet forests are ideal habitat for birds like 
bluethroat (Luscinia svecica), tree pipit (Anthus trivialis), 
redstart (Phoenicurus phoenicurus), northern goshawk (Accipiter 
gentilis), willow tit (Poecile montanus), nightingale (Luscinia 
megarhynchos), goldfinch (Carduelis carduelis), icterine warbler 
(Hippolais icterina), golden oriole (Oriolus oriolus) and hawfinch 
(Coccothraustes coccothraustes). 

Flora and fauna of the Utrechtse Heuvelrug are primarily 
influenced by humans. The natural forest has disappeared. 
Moreover, research to pollen has shown that vegetation has 
evolved during the last centuries. The diagram shows the 
changing presence of different native tree species during the last 
ten centuries (Janssen & Visscher, 1974). 
Humans have, for instance, been introducing new exotic species 
since roman times. The Romans introduced species like Oriental 
plane (Platanus orientalis), Sweet chestnut (Castanea sativa), 
boxwood (Buxus sempervirens) and grapevine (Vitis vinifera). 
Furthermore, a lot of tree species originates from North-America 
and East-Asia. They were introduced between the 17th and 20th 
century. Examples of these trees species are the red oak (Quercus 
rubra) and Douglas ( Pseudotsuga menziesii) which were planted 
due to their growth rate and high revenue (Maes et al., 1991, 
p14-20). 

soils, small stagnant ponds, grasses, shrubs and small trees. 
Wet Heathlands are a typical habitat for birds and insects like 
whinchat (Saxicola rubetra), European stonechat (Saxicola 
rubicola, wheatear (Oenanthe oenanthe), grasshopper warbler 
(Locustella naevia), Eurasian skylark (Alauda arvensis), 
common curlew (Numenius arquata), Alcon blue (Maculinea 
alcon), green hairstreak (Callophrys rubi), large skipper 
(Ochlodes sylvanus), silver-studded blue (Plebejus argus), 
bog bush cricket (Metrioptera brachyptera), large marsh 
grasshopper (Stethophyma grossum) and tatra grasshopper 
(Pseudochorthippus montanus). Lastly, this vegetation type is 
home for rare species. This includes, for instance, yellowhammer 
(Emberiza citrinella), great grey shrike (Lanius excubitor) and 
wheatear (Oenanthe oenanthe). 

The fourth Vegetation type is sands drifts  (fig. 21), which are 
similar to heathland. However, it has a higher degree of bare 
sand soils combined with cover vegetation of mosses, lichens and 
(bunt) grasses. This is the result of overgrazing whereby heather 
disappeared, and bare soil started drifting. Remaining vegetation 
consists of patches of heather and grassland on which small 
groups of shrubs and solitary trees grow. 
The soil contains hardly any organic materials, and it is nutrient- 
and alkali-poor. Moreover, it has a limited capacity to retain 
moisture. Therefore this vegetation type is vulnerable to the 
deposition of nitrogen which accelerates the vertical succession 
into dry grasslands and forests. Characteristic fauna is tree 
grayling, grizzled skipper, blue-winged grasshopper, shore 
earwig, tawny pipit, woodlark and sand lizard. 

At the edge of moraine and surrounding valley, three other 
vegetation types are common. Coppice led to two types of 
vegetation depending on wet or dry conditions of the soil. These 
plots of forest are the result of the former way of silviculture 
in which only the top part of the tree was cut down every 4-15 
years. The wood and bark were used firewood, production of 
tools and leather. This method was considered as a profitable 
way of silviculture until the beginning of the 20th century. 
However, these forests have fallen in disrepair since it became 

FIGURE 18: A example of an oak,beech, pine forest in speuldersbos FIGURE 19: Dry forest in kootwiijker bos
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Furthermore, humans are also responsible for the reintroduction 
of native species which were (almost) extinguished. The scotch 
pine is a specie which disappeared in the Netherlands due to the 
changing climate after the last ice age. Since the 16th century, 
scotch pine has been planted in the Netherlands. These trees 
originated mostly from Germany. The broad usability of wood, 
especially in the mining industry and their ability to grow fast 
on poor sandy soils lead to large plantations of these trees. 
Nowadays, it is the most common tree in the Netherlands. 
Small-leaved lime (Tilia cordata) and large-leaved lime (Tilia 
platyphyllos) used to be a common native in the Netherlands. 
However, it has gradually made a place for cultivars (Tilia 
× europaea). Not all these (re)introductions appeared to be 
successful as some species become invasive due to a lack of 
natural enemies or too ideal conditions. Trees like black cherry 
(Prunus serotine), red oak (Quercus rubra) and black locust 
(Robinia pseudoacacia) appeared to be invasive after their 
introduction in the Netherlands. Current policy is to remove 
these invasive species as much as possible. 

The introduction of non-native species became undesirable by 
the end of the 20th century. Their added value to the ecosystem 
appeared to be limited. The species diagram shows that native 
tree species attract much more insects than exotic species. This 
lead to a favouring of native species.  However, Staatsbosheer 
started to introduce non-native species which appeared in 
research to be drought resistant (Hensels, 2020). According to 
Grundmann & Roloff (2009), the most drought-resistant tree 
species appear to be trees like Norway maple (Acer platanoides), 
walnut (Juglans regia) and hazel (Corylus avellane). The 
replacement of native trees have reservations from both an 
ecological and cultural point of view. It can conflict with nature 
values and the conservation of cultural landscape elements like 
old lanes and estates. This is the reason that this measure can 
only be limited applied for the most extreme cases. 

Improvements
Improving the ecological value of these vegetation typologies can 
be achieved by taking five measures. First of all these forests are 

usually characterized by its large plantation of monocultures. 
Mixing these monocultures with other common trees is the 
first measure to improve these forest. Secondly, native species 
need to prevail over the exotic trees. This results in thinning of 
plots which are planted with Douglas, Lark, Spruce and Sessile 
Oak. The third measure is retaining an adequate amount of dead 
vegetation. Forth provision is the establishment of clearings 
for two reasons. The clearings enhance the development of 
well-developed vertical vegetation structure in the edges of 
the forest. Moreover, the rotation of these clearing will improve 
the degree of horizontal succession through time. By doing so, 
the forest develops plots with a variety of different vegetation 
stages (BIJ12, 2020a; BIJ12, 2020b).  

The presence of clearings, death material and well-develop edges 
are essential for increasing its diversity (and nature value). The 
clearing creates the perfect conditions for rowan, buckthorn 
and bramble thickets. Moreover, the degree of homogeneity and 
the multi-tiered stages are essential factors.
The ecological analysis of the Utrechtse Heuvelrug shows its 
typical types of vegetation. These types appear that they all 
are already adapted to poor and dry conditions of the soil. 
Moreover, they are the result of constant human intervening 
since they started to reforest the area. However, these 
ecosystems appear to reach (soon) their limits to deal with arid 
conditions. Therefore these conditions need to be better managed 
to conserve current flora and fauna. The introduction of new 
species is only preferable if these conditions cannot further be 
managed.

FIGURE 20:  dry heather in kootwijk FIGURE 21: sanddrift in the utrechtse heuvelrug
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fIGURE 22:  the current urbanisation of the utrechtse heuvelrug concentrates in thiirteen urban cores. 
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The urbanisation has played an essential role in the establishment of the current forest structure. These 
urban areas were the starting points of reforestation of the Utrechtse Heuvelrug (Blijdenstijn et al., 2015, p.28-
42). Therefore, the urbanisation of the area is further analysed.

The map (fig. 22) shows the urban development in the area. 
Urbanisation is mostly concentrated in cities. The oldest types of 
cities which were founded before the 12th century. Utrecht is one 
of these Dutch cities which developed an administrative centre 
along trade routes. The second type of cities was founded as 
strategical outposts which were used to protect the territories 
of the bishop of Utrecht. These cities include Amersfoort, Rhenen 
and Wijk bij Duurstede, Amersfoort and Rhenen. They were all 
founded during the 13th century.  The last type of cities is founded 
along the rivers Eems, Hollandse Ijssel and Kromme Rijn during 
the 14th century. However, their regional importance and urban 
growth stayed limited until the 19th century. Austerlitz is the 
last city which earned its city rights during French domination. 

These cities were connected through a network of regional 
roads and rivers. Along these roads and rivers, smaller villages 
developed. Two types of villages developed in linear structure or 
surrounding agricultural common land. First of all, Brinkdorpen 
with surrounding collective arable lands (Engen) developed 
on top of moraines. Secondly, Flankdorpen appeared at the edge 
of the moraine. These villages are situated between the higher 
arable lands and heather areas, and the lower meadows. 

expanding municipalities 
The introduction of municipalities vanished the distinction bet-
ween cities and villages in 1851. This lead to the first expansion 
of both these cities and villages. The industrialisation, which 
introduces new modes of faster transportation, lead to the first 
period of urban expansion. New urban settlements were establis-
hed to house rising commuters and workers along with these new 
infrastructures. an example is villapark vogelzag (fig. 24). 

The third stage of urban development is the period after the 
second world war. The stage consists of a period of vast planned 
urban expansions. Estates lost, for instance, their revenue model 
due to economic crises. This lead to the transformation of these 
estates in post-war residential districts. Subsequently, the rise 
of nature- and culture conservation policies led to the limitation 
of urban expansion in the area. This led to the current policy in 
which densification became the norm in existing urban areas at 
the beginning of the 21st century. 

The urban analysis shows that urban sprawl has a tradition 
in which it goes hand-in-hand with the development of green 
outdoor spaces. Corresponding tree constellations characterise 
each of these stages. Cities used to have surrounding green belt 
(fig .2£). orchards and coppice-fields for their supply of food and 
wood. Trees were planted in villages surrounding their common 
lands or next to roads and railways. Moreover, trees were an 
integral part of the design of urban expansion like the first villa 
parks, and subsequently post-war garden city expansions. This 
topic will be further elaborated in the next chapter as it uses 
the landscape biography with an overview of these trees con-
stellations. They form the foundation for the vision and design of 
drought adaptive interurban forest. 

A final comment on these constellations is that they are sen-
sitive to drought stress. They have to deal with more extreme 
conditions because the micro-climate of the urban areas differen-
tiate due to the urban heat effect. Local municipalities and nature 
associations who are responsible for the management of these 
constellations need to improve its drought resistance by paying 
attention to it in their management regime.

UrBANISATION

FIGURE 23:  the surrounding of urban settelments used to be forested  FIGURE 24:  villapark vogelzang is a example of expansion of villages
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The theoretical framework (fig. 25) is the result of combining the 
urban forestry matrix with drought stress cycle. In this way, a 
model is proposed that addresses drought stress on three scales 
of the urban forest. The model includes the scale of the tree 
itself, constellations of trees and the overall forest structure. 
Four dimensions of the urban forestry are used to analyse and 
design urban forestry structures: Ecology, Forestry, Hydrology 
and Urban Planning. These dimensions are analysed to understand 
the current functioning of the interurban forest.   

The first dimension is the perspective of ecology. It appears 
that the constraints of the Utrechtse Heuvelrug characterise 
current vegetation. Mainly the dry, poor and acid conditions 
of the area lead to characteristic vegetation which already 
suited for these constraints. However, the robustness of green 
structure appears to diminish. The vegetation seems not able to 
adapt themselves against the more and more extreme conditions 
that drought generates.  
The second dimension looks into the development of forestry 
in the area. It appeared most of native oak and birch-forests 
which grew after the last ice age (Wechselien) disappeared due 
to lodging and agricultural practice between 10th and 17th 
century. The effort of local and national authorities have led to 
the formation of forestry. The currently forested areas are the 
result of this effort, although the approach has changed during 
the last four centuries. The different approaches have led to an 
ever-evolving patchwork of different tree constellations. 
 
The third dimension contained a hydrological analysis showed 
that the area is characterised by the absence of human-driven 
management of water. The Utrechtse Heuvelrug relies on the 
natural infiltration system that functions as a recharge area 
for groundwater. The area became although necessary for the 

supply of drinking water. Large parts of the Utrechtse Heuvelrug 
are protected as drinking water supplies.  The extraction of 
groundwater has the downside that nature areas on the moraine 
become more vulnerable for droughts. Moreover, vegetation 
relies mostly on rainwater since it is hardly capable of retaining 
it. This makes it more vulnerable to long-lasting drought periods. 

The last dimension analysed the urban development of the 
area. The human presence in the landscape was limited for an 
extended period. The poor sandy soil made the area not suitable 
for agriculture. The development of cities was very limited due 
to inadequate resources and connectivity of the area. Therefore 
only small settlements developed. The coming of infrastructures 
like railways and highways improved the connectivity of the area. 
This made way for urban expansion of these villages. Moreover, 
estates lost their revenue model after the second world war. 
This lead to the transformation of these estates into post-war 
residential districts. The rise of nature conservation policies led 
to the limitation of urban expansion in the area. This led to the 
current policy to densify within the boundaries of current urban 
settlements. 

The theoretical framework will subsequently be used as a 
method to a design drought adaptive interurban forest in the 
next chapter. The vision proposes a new forest structure. The 
vision is further elaborated in a regional design for Woudenberg. 
It maps, by doing so, the spatial implications of drought adaptive 
strategies. The design shows a system of different tree 
constellation, which is necessary to establish this overall 
structure. Last part of the design explains in detail the design of 
all seven types of proposed tree constellations..

The theoretical framework is the result of combining the urban forestry matrix with drought stress cycle. In 
this way, a model is proposed that addresses drought stress on three scales of urban forest. The model includes 
the scale of the tree itself, constellations of trees and the overall green structure.

DROUGHT ADAPTIVE MATRIX  

FIGURE 25:  drought addaptive matrix serves as a frame work for drought addatipve design in landscapearchitecture
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TThe forest structure of the Utrechse Heuvelrug is considered traditionally as a protected green core which 
is surrounded by agricultural and urban cores (fig. 26). The vision shifts from this notion to a vision in which the 
larger green structure is regarded as an interurban forest. By doing so, the structure can develop further in a 
drought adaptive way that allows room for both societal and environmental challenges. This concerns issues 
like an envisioned forest expansion of 10.000 hectares and the building of circa 30.000 dwellings in the area. 

VISION

The interurban forest considers itself as a patchwork of smal-
ler forestry cores. These cores will each incorporate adjacent 
agricultural and urban cores as the structure expands (fig. 29). 
The further development of these patches involves two stages. 
The first stage (fig. 27) is the transformation of the current 
forest structure. It includes the addition of seasonal buffers 
in between the forestry, agricultural and urban cores. These 
buffers consist of gullies which catch excess of rainwater 
and seepage and stores it temporally in basins. During drought 
events, these basins will distribute the retained water through 
the same system of gullies. 

The second stage (fig. 28) consists of the expansion of the 
patchwork. New forested patches will be planted between the 
agricultural and urban cores. Therefore, hybrids between these 

cores will be introduced. These hybrids are clearings which house 
different mix-uses like food-production, housing, recreation and 
water buffering. Lastly, the vegetation will be gradually re-
placed by drought adaptive constellations inside these forestry, 
agricultural and urban cores.

The vision is further elaborated in a design for the sub-area of 
Utrecht Heuvelrug. Therefore the forest structure of sub-area is 
analysed. This is the area in between Driebergen-Zeist, Austerlitz, 
Doorn, Leersum Leusden and Woudenberg. Furthermore, the design 
zooms in on the area between Austerlitz and Woudenberg.

figure 26: conceptalisation of the current FOREST STRUCTURE figure 27 the first PHASE of the vision: TRANSFORMATION OF THE STRUCTURE 

figure 28: the second phase of the vision: Expansion of  OF THE STRUCTURE figure 29: concept for the future  drought addaptive iNTERURBAN FOREST 
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figure 30: the elaboration of the vision for the overall structure of desiegn area. the top layer illustrates the first phase. It shows the adaption of the 
current strucutre by proposing a improved green-blue system. the layer underneath consist of the expanded patchwork which will be graudually realised 
during the second stage. 
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The design of drought adaptive interurban forest structures considers them as a patchwork that is held 
together by a grid of axes (fig. 30). The existing situation of these structures is the starting point of the design. 
Therefore the establishment of the current structure is analysed in greater detail. Subsequently, the future 
development of this structure is discussed in its envisioned design. Lastly, the different corresponding constel-
lations which are needed to transform the current grid are described. This includes seven tree-constellations. 

The design of drought adaptive interurban forest structures 
considers them as a patchwork that is held together by a 
grid of axes. The existing situation of these structures is the 
starting point of the design. Therefore the establishment of the 
current structure is analysed in greater detail. The historical 
development of the current structure shows that it consists of 
four constellations (fig. 33 & fig. 34). 
Subsequently, the future development of this structure is 
discussed in its envisioned design. The design consists of an 
adapted grid based on a new proposed green and blue system. In 
this way, the grid will facilitate further expansion of the forest. 
Lastly, the different corresponding constellations which are 
needed to transform the current grid are described. This includes 
seven different tree-constellations. 

introducing first wooded commons
The first reforestation appeared to be the establishment of 
coppice plantations near villages and the planting of trees along 
the connecting roads (Blijdenstijn et al., 2015, p.205 - 230). They 
were considered as long term investments in the 17th and 18th 
century due to its wood yield. The dominant tree species were 
oak and beech due to its meaning and growth-rate. Different 
constellations of lanes were planted in this period. A different 
number of rows were planted according to the importance of 
the road. Moreover, also the type of movement determined the 
pattern in which the trees were planted. Trees were planted, for 
instance in a triangular pattern along roads with fast traffic. 
Conversely, square planting of trees was conventional along 
roads for slow traffic.  The lane-diagram ( fig. 37) provide a 
overview of the diffenrent lane typologies. 

The precursor of regional road N225 was Via Rigia. This road (fig. 
30) connected the Utrecht and Kohl. The connection consisted 

of the dual road system. The map of de Roy (1696) shows that 
trees are planted next to these two roads. During the following 
century, this road became an along which estates and urban 
areas developed. 
The construction of Amsterfoorsteweg (fig. 31)I s an example 
of this typology. Jacob van Campen designed this road as the 
straight axis to improve the connection between two major cities 
in the region. Furthermore, this road was designed according 
to the prevailing formal ideals. This resulted in an ideal 
proportioned grid The rectangular plots of lands were granted 
for the development of estates to finance the construction of 
the road. Trees were planted next to the principal and some of 
the side roads according to the map of the province of Utrecht (de 
Roy,1696) and Map of Kamp Zeist (1853). 

shifting from exclusive to industrial reforestation 
The second type of reforestation is the development of estates 
(fig. 38). The political and economic context of the 17th and the 
18th century led to the first transformation of the Utrechtse 
Heuvelrug into an estate landscape (Blijdenstijn et al., 2015, 
p.174-177).  These estates were built as summer residences for 
(exclusive) leisure in the country. These estates are situated 
mostly in three areas: Soest, Stichtse Lustwarande and 
Amerfoorstseweg.

The development of estates took place in three phases. The 
first phase consists of formal estates which were built on the 
transition between river clay and sand soil. These estates were 
built according to the formal principles in which control of 
nature is central. The composition of the estates made use of 
one or more view axes. The main building was situated on a view 
axis perpendicular to the hillside. The axis usually ended with a 
viewpoint. Zeisterbos and estate Sparrendaal are two examples.

The overall forest structure 

figure 31:  amerfoorste weg is example formal lane that forested the landscape figure 32:  this  map  shows the first estated that reforested the landscape 
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figure 34:  the time shows when the four different tree constellations where used to reforest the utrechtse heuvelrug. 

figure 33:  the current forest structure of the utrechtse heuvelrug seems to consist of four tree constallations: lanes, estates, plantations and nature reserves. 
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An example of this type is the Zeisterbos in Zeist (Feijen, 2010a). 
This forest was originally planted as part of two estates. The 
forest consists of a series of lanes which were planted on the 
common heathland of Zeist. The Slotlaan is the principal axis 
of the first Estate ‘Slot Zeist’ (fig. 35). An axis diagonally to the 
central axis was used as the main axis for the second estate 
‘Beek & Royen’. This axis was designed as a Patte d’oie, which 
consisted of three axes. These lanes were built as an infinite 
axis that had a visual connection with the church tower of the 
surrounding villages Amersfoort and Leusden. They were planted 
with oak, beech and pine trees. Furthermore, a grand canal was 
built along one axis of the patte d’ oie. Subsequently, the plots 
of heather were transformed into (star-shaped) forests which 
were dominantly planted with pine trees. A part of the forest 
was replaced with a landscape park during the first half of the 
19th century. The grand canal changed into two organic shaped 
ponds which were connected with a small stream. Copijn designed 
this park forest in an English landscape-style.

Local authorities bought the forest as a public forest for 
citizens of Zeist. Therefore some attractions and amenities were 
built like a deer park, two playgrounds and benches. However, 
the three stands became unilateral at the beginning of the 
20th century. A fifth of the forest consisted of oak coppice 
plantation. The rest of the forest only consisted of pine forests. 
The thinning of scotch pine forest led to natural regeneration of 
younger groups of deciduous and coniferous trees.  This resulted 
in the current mixed forests which contain scotch pine (Pinus 
sylvestris), Douglas (Pseudotsuga menziesii), oak (Quercus robur 
& Quercus rubra), beech (Fagus sylvatica), birch (Betula Pendula). 
It still contains a large variety of monumental trees. The oldest 
trees are currently pine trees that were planted in 1795. 

Moreover, the treestands contain small numbers of coniferous 
trees like black pines (Pinus nigra, Pinus contorta, Pinus strobus), 
spruce (Picea abies, Picea sitchensis, Picea omorika, Picea pungens 
), larch (Larix kaempferi/Larix decidua), fir (Abies grandis, Abies 
nordmanniana), cypress (Chamaecyparis lawsoniana), hemlock 
(Tsuga heterophylla) and cedar (Thuja plicata). Also small 

numbers of maple (Acer pseudoplatanus & Acer platanoides), 
black locust (Robinia pseudoacacia), chestnut (Castanea sativa, 
Aesculus hippocastanum), Popular (Populus tremula), Hornbeam 
(Carpinus betulus),  Lime (Tilia). Currently, nature management of 
this forest focuses on the facilitation of native species through 
thinning and removal of Douglas and red oak. Moreover, it 
involves the conservation of lane structure, former oak coppice 
plantation and exotic monumental trees.

Landgoed Sparrendaal (fig. 38) is a typical example of a formal 
estate (Blijdenstijn et al., 2015, p.224). The estate was built 
on a former road which was used to transfer sheep from the 
village to the heather fields (schapendrift). This formed the 
central axis, which ended in a  star-shaped coniferous forest. A 
rectangular grid of lanes was planted along the central axis. 
During the 19th a part of estate transformed into a landscape 
park. The estate became partially urbanised after it fell in decay. 
The star-shape forest was, for example, demolished for the 
building of a new neighbourhood. 

The second generation of estates (fig. 38)was built between the 
higher and lower situated road. The estates were built in the 
English landscape style. Contemporary landscape architects 
like H.Copijn, J.D. Zocher and L. Springer often designed these 
estates (Blijdenstijn et al., 2015, p.227-229). 
An example is Hydepark which was designed by Hendrik Copijn. The 
vegetation is characterised by mixed forests with great variety 
including some exotic species. Most of these estates lost its 
original function and became offices and rental locations for 
weddings and conferences. This lead also to the loss of original 
landscape elements. 

The third generation of estates were usually 19th century-
expansions of exercising estates. They started to reforest these 
newly acquired heathlands for wood production purposes as the 
result of the industrialisation of the Netherlands. These forest 
plantations anticipated on the growing demand for wood in the 
(mining) industry. 

figure 35:  this bird-eye shows the surrouding forest of the estaste zeister slot figure 36:  the reforestation of heather during the interbellum 
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figure 37:  this sheme illustrates the different types of lanes which were used to reforested the area along the road network. the four types in a frame are used in the design 
of the adaptation of the grid. 

Nature reserves: the rise of nature conservation 
The commercial forestation by governmental-driven 
organisations and private individuals gave way to nature 
conservation from the ’60 onwards. Reclamation of 
the remaining heather areas became prohibited. Nature 
conservation organisations like ‘Utrechtse Landschap’  and 
‘Natuurmonumenten’  became more and more important since 
they started to buy and maintain valuable forested areas. The 
ministry of agriculture and fishery designated 60 forests as 
reserves which represent the different types of woodland areas 
in the Netherlands. Two forest reserves were appointed in the 
Utrechtse Heuvelrug. Staatsbosheer became responsible for 
the management and conservation of these reserves. Lastly, the 
establishment of national parks and the Dutch nature network 
(NNN) strengthen this movement. The use of the forest changed 
from wood-production towards recreational and environmental 
purposes.  

Noordhout is an example of a nature reserve which is maintained 
by ‘Het Utrechtslandschap’ (Feijen, 2010b). The deciduous forest 
used to be part of a hunting forest (warande) in the 18th century. 
It is probably used as oak coppice plantation in the following 
centuries. Coniferous trees partially replaced the oak forest 
during the 19th century. In 1980 the forest became a nature 
reserve which links the southern part of the national park with 
the Northern heather fields. 

Heathlands appeared to be the perfect place for (local) 
governments to facilitate this type of reforestation. They 
lost their importance in the agricultural system due to the 
introduction of chemical fertilisers and the abolishment of 
collective agricultural practices. This allowed private initiatives 
to expand their estates. Moreover, they can be regarded as 
the precursors of governmental-driven organisations like 
Staatsbosbeheer and Heidemij. These organisations were assigned 
to reforest especially heathlands and sand drifts during the 
beginning of the 20th century (fig.36). 
Commercial forestation was primarily determined by wood 
production and the idea of generating jobs for unemployed 
people during depressions. This resulted in the plantation of 
monocultural coniferous forests with shorter rotation cycles. 
Moreover, it leads to the introduction of exotic species with 
higher yield and shorter rotation cycles. Especially Douglas 
and Larch appeared suitable for commercial forestation in 
the Netherlands. The mechanisation of forestry practice also 
changed the spatial structure of these forests. Esthetical 
plantation of (park) forests made place for rational forest 
plantations. These forests were less determined by the 
topography of its subsoil. The well-connected rectangular grid 
of these forests ensured an efficient way of yielding and removal 
of wood. Two examples of these forest plantations are the 
extension of the estate ‘Ten Treek-Henschoten’ (Boosten et al., 
2009) and the expansions of ‘Zuilenstijlse Bos’. 
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Initially, most exotic species like red oak,  American mountain 
ash and coniferous trees were removed. Moreover, paths were 
demolished to make the forest inaccessible.  Subsequently, the 
forest ought to be left in peace for the last forty years. The 
further development of the forest depends entirely on natural 
succession processes. In this way, it facilitates the development 
of native forests. Monitoring of the forest has shown that 
beeches and oaks are becoming more and more dominant. 

De Galgenberg is the second forest reserve. It represents a 
typical dry oak-beech forest which is common for the ‘Utrechtse 
Heuvelrug’ (Knoppersen, 1995). Staatsbosbeheer came into the 
possession of the area in 1973. The forest became designated 
as a forest reserve in 1983. The reforestation of the former 
heather area started at the end of the 18th century. The current 
vegetation consists of both deciduous and coniferous forests. The 
coniferous forest was planted with (exotic) species like Scotch 
Pine, Black Pine, Larch and Sitka Spruce between 1885 and 1906. A 
small part scotch pine forest became mixed with birches which 
grow as a result of natural succession. The deciduous forest 
is naturally regenerated birch oak forests. The two forests 
distinguish themselves spatially by the grid of the path. The 
coniferous forest was planted in a rational (rectangular) grid as 
opposed to the organic-shaped plots of deciduous forests.  
The most recent designated forest reserve is de Heul (Clerkx, 
2001). The forest is originally a result of reforestation of the 

former wet heather area. Most of the coniferous forest was 
planted in a rectangular grid between 1885-1906. The contain 
monocultures of Scotch pine. The expansion of the forest leads 
to the introduction of exotic species. Douglas, larch and spruce 
were planted between 1941 until 1960. The most recent new-
planted trees were planted between 1974 and 1977. This forest 
is envisioned as moisture birch-oak forest due to the high water 
table in the area. Therefore, a part of Scotch Pine and Douglas 
trees are thinned in the ’90. By doing so, the succession of natural 
regenerated birches, oaks and beeches will be facilitated. 
However, this process has still taken a limited place. 

figure 38:  the two most common tree constellation which were used at estates. the left sheme shows the prevailing constrallion for the first generation estates. the right 
sheme shows the constallation that was used for the second genereation estates. 
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figure 39:  the masteplan for the regional design. it shows the adaptation of the the grid and the expansion of the forest. 
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The basis of the regional design is the current patchwork of estates, forest plantations, nature reserves. The 
grid of the patchwork need first to be adapted and then expand the patchwork in the next stage. This resulted 
in the decision that the regional design of area between Austerlitz and Woudenberg (fig. 39) focus first on 
the adaptation of the grid and subsequently shows how the patchwork will be expanded by using certain tree 
constellations.

REGIONAL DESIGN: EXTENDED NATIONAL PARK 

The design for adaption of the grid proposes a new green and blue 
system (fig. 40 & 41). Along with the blue system, forest constel-
lations are built to improve its drought adeptness. The central 
elements are two regional water bodies. They buffer excesses of 
rainwater and diminish the amount of water that drained into the 
river Eem and river Rhine through the regional canal ‘Valleika-
naal’. Moreover, these waterbodies have a regional recreational 
function as people can sport and relax at these places. On top of 
that, these water bodies are places where more significant quan-
tities of people can cool off during hot summers. Two different 
subsystems are connected to these regional water bodies. In this 
way, water can be transferred from one system into the other 
and vice versa. 

The first subsystem comprises the interventions which are 
necessary to transform the grid. It catches excesses of rainfall 
along the slope of the moraine. Therefore a network of curved 
and straight ditches are constructed. The straight ditches are 
built to catch rainwater quickly and drain it into the local basins. 
The water is temporally retained in the former dry valleys of 
the moraine. These are transformed in catchment valleys by 
constructing a cascading system of water basins. Another way 
around the system distributes retained water during drought 
events. The water flows from the basin into lower ditches. The 
curved ditches are designed for this purpose. They distribute 
slower water to a larger surface than the straight ditches. 

A residual flow of water ends up in the artificial brook ‘spreng-
beek’. It connects the catchment valleys to the main regional 
waterbody. Along the brook also catchment areas are situated 
that catches stagnated stormwater and seepage. Lastly, the zig-
zag is a ditch which is built along regional roads. It functions as a 
back-up for the distribution of water in the catchment valleys. It 
pumps water from the two lower situated regional waterbodies 
to the highest ditch along the moraine. The ditch distributes the 
water between the catchment valleys. This results in a semi-cir-
cular system that is able to replenish shortages of water with 
excesses of water over time. 

The second subsystem is situated in the lower area along the 
moraine. It focuses on facilitating the expansion of the forest. It 
also functions as a system that retains seepage in smaller local 
water bodies. It will replace former practice to drain the excess 
of seepage through the system of ditches and canals. Therefore 
new ditches and swamp forest are built. Farmers can use this sys-
tem to water their crops during drought events without pumping 
groundwater.

Moreover, small forested areas will be in the long run be urba-
nised. These small urban extensions contribute to this system by 
also catching rainfall. The waterbodies link the two subsystems 
with each other. Moreover, they also will provide cooling ameni-
ties for recreational purposes. 

figure 40:  this scheme illustrates how the green-blue system functions during the winter.  It consist of central waterbodies that connect to two subsystems. the morai-
ne-subsystem works transforms the current forest structure into a rainwater retaining forest. it uses a system of ditches and catchement vallies. the valley-subsystem 
focus on dimishing the amount of drained water by circulating the seepage in a system of (winding0 ditches and smaller water bodies.
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The design for adaption of the grid proposes a new green and blue 
system. Along with the blue system, forest constellations are 
built to improve its drought adeptness. The central elements are 
two regional water bodies. They buffer excesses of rainwater 
and diminish the amount of water that drained into the river Eem 
and river Rhine through the regional canal ‘Valleikanaal’. Mo-
reover, these waterbodies have a regional recreational function 
as people can sport and relax at these places. On top of that, 
these water bodies are places where more significant quanti-
ties of people can cool off during hot summers. Two different 
subsystems are connected to these regional water bodies. In this 
way, water can be transferred from one system into the other 
and vice versa. 

The first subsystem comprises the interventions which are 
necessary to transform the grid. It catches excesses of rainfall 
along the slope of the moraine. Therefore a network of curved 
and straight ditches are constructed. The straight ditches are 
built to catch rainwater quickly and drain it into the local basins. 
The water is temporally retained in the former dry valleys of 
the moraine. These are transformed in catchment valleys by 
constructing a cascading system of water basins. Another way 
around the system distributes retained water during drought 
events. The water flows from the basin into lower ditches. The 
curved ditches are designed for this purpose. They distribute 
slower water to a larger surface than the straight ditches. 
A residual flow of water ends up in the artificial brook ‘spreng-
beek’. It connects the catchment valleys to the main regional 
waterbody. Along the brook also catchment areas are situated 
that catches stagnated stormwater and seepage. Lastly, the zig-
zag is a ditch which is built along regional roads. It functions as a 
back-up for the distribution of water in the catchment valleys. It 
pumps water from the two lower situated regional waterbodies 
to the highest ditch along the moraine. The ditch distributes the 

water between the catchment valleys. This results in a semi-cir-
cular system that is able to replenish shortages of water with 
excesses of water over time. 
The second subsystem is situated in the lower area along the 
moraine. It focuses on facilitating the expansion of the forest. It 
also functions as a system that retains seepage in smaller local 
water bodies. It will replace former practice to drain the excess 
of seepage through the system of ditches and canals. Therefore 
new ditches and swamp forest are built. Farmers can use this sys-
tem to water their crops during drought events without pumping 
groundwater. Moreover, small forested areas will be in the long 
run be urbanised. These small urban extensions contribute to this 
system by also catching rainfall. The waterbodies link the two 
subsystems with each other. Moreover, they also will provide 
cooling amenities for recreational purposes. 

Expanding the patchwork 
The patchwork consists of different forest constellations. Each 
of the patchworks sorts with one of the four single functions or 
a cross between these functions (fig. 42). 
The first category is forestry. A large part of the green constel-
lations is the result of authors who planted trees for recreatio-
nal or even wood production purposes. Cross-over with urban are 
estates which were commissioned by wealthy dwellers who wan-
ted to flee (temporally the city and recreate in rural areas. The 
building of these estates included the plantation of forests which 
served as revenue. Another cross-over is agroforestry which is a 
tendency which offers an alternative to industrialized agricul-
tural practice. The production of monocultures is replaced by a 
complex system that is inspired by the structure of forests. 
Agriculture is the second category of farmers who cultivated 
plots of the landscape by using it for arable or pasture farming. 
A cross-over with forestry are orchards since they can be consi-
dered as productive forests. Horticulture is cross over with the 

figure 41:  this scheme illustrates how the green-blue system functions during the summer. the system is used to provide water to the forest, farmers and locals.
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urban category because the building of glasshouses resembles in 
a way the urbanization of the landscape. 

The urban category involves different people who contributed to 
the vast expansion of the former rural communities. A cross-over 
which was a direct result of this tendency is a villa park. Ano-
ther cross-over is urban farming whereby locals (collectively) 
produce food in their allotment gardens.  

Lastly, water can be seen as an essential category of the author 
in the current landscape. An example is the companies that 
became responsible for drinking water. Also, waterboards is still 
a vital author responsible for the well-functioning of the water 
system. This included the building of artificial streams (griften) 
which were necessary for drainage of valleys. 

The extension of this patchwork contains two new patches that 
will be added to the current patchwork. The proposed patches 
contain the living clearing and the food clearing. The food clea-
ring is an agriculture variant that contributes to the drought 
adeptness of the overall interurban forest structure. Secondly, 
the living clearing is an urban variant of forest constellation 
that combines the expansion of forest with a small-scale urban 
expansion. 

figure 42:  this scheme illustrates types of contellations wich can be developped as expansions of the patchwork. 
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figure 43: bird-eye view of proposed treeconstallation of addaptation. these constellation s tranform the current forest structure into a drought addaptive forest. 
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Transforming the new forest structure consists of four types 
of tree constellation. The catchment valleys and network of 
ditches are two primary constellations that will be constructed 
to prevent exciting forest of further deteriorating from drought 
stress. The Sprengbeek and the zigzag are constellations that 
mainly let circulates the retained water. The Sprengbeek is 
responsible for disposal whereas the zigzag take care of the 
(emergency) supply of water. 

Catchment valley 
The catchment valley (fig. 44) is an opening in the existing forest. 
They are proposed as human-made structures that resemble 
naturally formed waterbodies (vennen). Vennen are small water 
bodies that are sporadically found in the sand landscape. They 
are usually the result of the locally elevated groundwater ta-
ble. These openings are situated in former drought valleys of the 
moraine. The construction of the catchment valleys starts with 
the excavation of the two meters of soil for the water basins. The 
water basin is the first field type that is surrounded by a path. 
These paths are built along an irregular grid. All the paths con-
sist of two vertical concrete slabs with on top a wooded deck. 
The slabs surrounding the water basins are taller and lie sunk 
in the ground since they function simultaneously as the retaining 
walls of the water basins.  

Two impermeable layers of clay loam with a total thickness of 
250 mm ensures that the proposed basins will retain water. On 
top of the impermeable layer, a layer of excavated soil is laid 
down. The thickness of this layer is at least 1000 mm in the middle 
of the water basin. Towards the concrete slabs, the thickness of 
this layer will increase gradually till 1500 mm. In this way, the 
root vegetation will not penetrate the loam layer and create 
leakages. It also creates the soft edges of water bodies. The 
vegetation will grow in a gradient between moist and wet conditi-
ons. The cross-leaved heather (Calluna vulgaris), which grows at 
the edges of the basin will gradually change into bog plants and 
marginal plants.
An elevation made of leftover excavated soil separates the 
water basins into terraces.  Each terrace has an altitude that 
differentiates relatively from the other terraces. A dam in the 
middle of the elevation will regulate the flow of water between 
the basins. The water level varies between the minimum of 200 mm 
by the end of the summer and a maximum 1200 mm of water by the 
end of the winter. The trees are planted on top of the elevations. 
They function, depending on the constellation of trees, like divisi-
on or a focal point. A row of oak trees creates the division. On the 
other hand, only two scotch pine is planted next to the dam. The 
two trees will become a focal point. 

The second type of fields contains heathland. These fields are 
relative open. Only perennials and some small shrubs grow in a 
gradient between the moist conditions next to the water basins 
and dry conditions at the edges of the existing forest. The vegeta-
tion consists of plants like common heather (Calluna vulgaris), 
crowberry (Empetrum nigrum), blueberry (Vaccinium myrtillus), 
wavy hair-grass (Deschampsia flexuosa) and purple moor grass 
(Molinia caerulea). At the more moist side of the field grow, for 
instance, more moisture-loving plants like cross-leaved heater 
(Erica tetralix). 

The last field type contains partially conserved older vegetati-
on and dying vegetation. These are usually remaining trees like 
scotch pine, Douglas and oak and some shrubs like common juniper 
(Juniperus communis) and scotch broom (Cytisus scoparius). These 
trees and shrubs play an important role in horizontal and verti-
cal layers of the vegetation. By doing so, it provides shelter and 
food for the local fauna. 

Network of ditches
Two types of ditches (fig. 44) are built along the moraine. The 
ditches have five-meter of height difference from each other. 
They both follow the contour lines of the moraine. Their primary 
function is temporarily catching rainwater and distributing it at 
a later moment. 
The straight ditches focus on catching excesses of rainwater and 
drain it as soon as possible towards the basin in the catchment 
valleys. The ditch is dug out in between a steep slope up-hill,  a 
path and gentle slope down-hill. The steep slope will increases 
the amount of runoff that the ditch will catch. The functioning of 
the ditch is strengthened by its edges, the path and trees which 
are planted and sowed next to it. The surface of the hard paved 
path catches rainfall. Birches (Betula pendula) are planted 
along the steep slope. In this way, the ditch will make use of the 
precipitation that tree catches, and flows along the tree trunk 
into the ditch. Birches are used since they appear to generate a 
higher stemflow. 
The curved ditches focus on the distribution of rainwater which 
flows from the basin in the catchment valleys. The water is 
distributed at a slower rate trough the curved form of the ditch 
and repeatedly branching of the gullies into two smaller gullies. 
In this way, the ditch can distribute the water over a larger 
surface.  These gullies contain elevated openings. The water will 
flow over and flow in the soil. A diagonal tube will be distributed 
further underneath the slope. Sessile Oak (Quercus petraea) 
are planted in between the gullies. In this way, less water will 
evaporate in the gulley during drought events. 
Sprengbeek 

The realisation of the improved grid and expanded patchwork consists of small-scale interventions. These are 
detail designs of different types of tree constellations. All these interventions will directly or indirectly 
contribute to drought adeptness of the overall structure. 

constellations of transformation
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sprengbeek 
The sprengbeek (fig. 44) is an artificial brook. The sources of the 
brook are the catchment valleys. It is also connected with se-
veral stormwater catchment areas that situated at the foot of 
the moraine. In this area rainwater accumulates in small peddles 
on top of the soil. This is the result of temporal saturation of the 
soil during heavy rain showers due to the relative high ground-
water table. In extreme circumstances which occur every five 
years or after consecutive serval days of rainfall this will lead 
a maximum of 300 mm of stagnated water. 
The constellation of the stormwater-forest is an adaptation 
of a rabatten-forest. This forest typology used to be a common 
silvicultural practice in wet areas. It consists of excavated isos-
celes trapezoid-shaped lowerings in the terrain. These lowerings 
are alternated with unregular square furtum-shaped elevations. 
These are constructed with the residual soil of the excavation 
of the terrain. On top of the elevation mixture of trees like 
oak (Quercus robur), white birches (Betula pubescens) and 
alder (Alnus glutinosa) are sowed. In this way, the terrain will 
control the flow of rainwater that is catch and drained into the 
sprengbeek. The forested elevations contrast with open lowering 
in which only ground covering vegetations grow. Mowing in stages 
of the lowerings ensures that they maintain their ability to catch 
stormwater. 
The brook is, therefore, build as straight gulley that transfers 
water as fast as possible into the regional water bodies like 
‘Henshotermeer’ and ‘Veenplas’. The edges of the brook are soft in 
contrast to edges of both types of ditches. The different function 
of the brooks also manifests itself by the separation of the path 
along the brook. This is because of the constellation focus on 

transferring water rather than the catchment of water. 
The space in between the path and the gully functions as a 
corridor. It links the biotopes of openings in the forest with each 
other. Smaller water bodies that catch local seepage interrupts 
the gullies of the brook. These water bodies are situated in 
places where the larger concentration of vascular species grow 
like water violet (Hottonia palustris). These bodies regulate 
the amount of water that flows into the regional waterbody. 
Furthermore, they function as additional water buffers.

Zigzag 
The zigzag (fig. 42) is a constellation that situated along roads 
across the moraine. A concrete gully is built in a zigzag shape to 
transfer water up-hill during drought events. A centrifugal pump 
handles the displacement and distribution of water. Therefore 
a pumping station is built on the highest point of the road. In this 
way, the catchment valleys will not run out of water. Further-
more, the gully can water the existing row of trees along the 
road. 

Conversely, the zigzag catch also rainfall that ends up on the 
road during the winter. A grille built in the road drain the water 
into the open pipe underneath it. These open pipes link all the gul-
lies along the road. It also functions as an underpass for little 
animals like toads. The water can be stored in the lower-lying 
secondary gully that is used to water trees along the road. 
Lastly, birches (Betula pendula) are planted next to the two 
gullies. These trees will provide shadow for the beeches (Fagus 
sylvatica) that are sowed in between. This is done to distinguish 
the constellation by generating a different spatial experience. 

figure 44: detail design for the the drough valley. moreover it shows the network of ditches, zihzag and the spregbeek. 
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figure 45: expansion of the forest structure
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Food clearing 
The moraine is surrounded by bocage-landscape, which is the re-
sult of simple farming system in the Gelderse Valley (fig. 47). The 
pastures and farmland appear to consist of two types of land 
parcellation (Blijdenstijn et al., 2015, p. 406). Most of the valley 
is divided by an irregular square pattern (Kampverkaveling). The 
more peaty soils demanded a different way to cultivate the land. 
This result in a regular rectangular pattern (Copeverkaveling). 
The landscape north-western of Woudenberg consist mostly of 
this pattern.  
However, the industrialisation of the agricultural practice led 
to the loss of many familiar wooded constellations (fig. 48) that 
are typical for the bocage landscape. Farmers used, for instance, 
wooded banks and hedges to bound there plots of land. These 
elements disappeared gradually after the reparcellation of 
the agricultural areas in the second half of the 20th century. 
Moreover, coppicing became too labour intensive way to manage 
woodlands in the Netherlands. 
A part of the expansion of the forest proposed to restore part 
of this former forested structure (fig. 47). Moreover, part of the 
quitting farms is transformed into dense forest zones. In this way, 
food clearing and dense forest patches alternate in the restored 
bocage-landscape. Forest zones are built mostly to produces 
wood and compensate emissions. It also contains temporal fo-
rests which are used for developing small-scale urban extensi-
ons. This is further elaborated in the next paragraph. 

There is currently a tendency to transform agricultural areas 
in nature in order to compensate for emissions. This tendency is 
strengthened by a growing amount of farmers that are quitting. 
The size of the agricultural businesses has become larger and 
larger since the second world war. 
However, there is an opposed tendency at the same time in which 
the amount of businesses has declined vastly. Currently, 54.7% of 
97000 agricultural businesses in 2000 are still operational (Cen-
tral Bureau for Statistics [CBS], 2020). This means that agricultu-
ral practice needs to transform in order to maintain significant 
in the future. The agricultural practice needs, therefore, to 
become more circular orientated. 
Mixed farming might be the solution. However, it lacks the 
efficiency that farmers need to run their businesses. Therefore 
another solution is proposed. Farmers need to work together 
to make their business circular. The food clearing  (fig. 46) is 
a place where these groups farmers can run their businesses 
collectively. The farms are concentrated in the core of these 
food clearings. The core contains four to six building blocks that 
are used for a highly automated way of vertical agriculture. The 
surrounding landscape uses small-scale agroforestry to make 
their practice circular. It focuses on the diminishing the loss of 
nutrients and the abstraction of groundwater. 
Two types of tree constellation are proposed to both expand the 
forest structure, restore the spatial identity of bocage-lands-
cape and simultaneously make these businesses circular. 

The realisation of the improved grid and expanded patchwork consists of small-scale interventions (fig  45). 
These are detail designs of different types of tree constellations. All these interventions will directly or 
indirectly contribute to drought adeptness of the overall structure. 

constellations of expansion 

figure 46: this scheme shows how the different constallaions of expansion work to gether to retajn the water by circuculating it in extensove network of ditches , small en 
larges waterbodies . 
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figure 47: the is axometry shows the forest structure at the edge of the moraine  befire the second wold war. .  the structure used to be extensive network of wood baks and 
small-scale wet forests. 

figure 48: the is axometry shows the current forest structure at the edge of the moraine.  A large part of the structure disappeared after the second wold war. 
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The first constellation is wooded banks which are planted next 
to the exciting ditches. The holding capacity of the ditches is en-
larged. The wooded banks are the backbone of the forest layer, 
which produces foods like hazel (Corylus avellana) and beech 
(Fagus sylvatica). 
Moreover, fast-growing trees like willow (Salix caprea & Salix 
triandra) and alder (Alnus glutinosa) provides raw materials 
like wood chips. These materials can be used for the cultivation of 
fungi, and as a building material. Furthermore, wooded chips and 
reeds are used for composting manure.  This is necessary since it 
reduces nitrogen-emission during the spreading of manure (San-
ders & Westerink, 2015). Lastly, hog farmers can be included in the 
management of the surrounding sowed dense mixed forests. 

The second constellation is the swamp forests which is primarily 
used to clean their circulating water. Common trees are willow, 
alder and ash. Large parts of swamp forest grow bog and mar-
ginal plants like The reeds (Phragmites australis), reed canary 
grass (Phalaris arundinacea), carex (carex), bulrush (Schoenop-
lectus) and swamp sawgrass (Cladium mariscus). The reeds and 
willows clean the circulating water indirectly. This prevents 
excesses nutrient-rich water is transferred to the regional wa-
ter bodies and the catchment valleys. Furthermore, these swamp 
forest store water that farmers can use for irrigating their 
crops during drought events. This will diminish the extraction of 
groundwater in the region. 

Living clearing 
The living clearings is tree constellations that are used to 
urbanise in future specific parts of in the expanding forest. The 
current tendency to densify in urban areas will ultimately reach 
its limit. Therefore the expansion of forest needs to anticipate 

this tendency by developing forest with living clearings. These 
forests are former pastures and farmlands that situated in see-
page areas. In between these forests, wet zones are constructed 
in which the surrounding ditch starts winding. 
This increases the amount of water that the ditch can retain. 
The ditch system is supplied with water that comes from a local 
water body that is continuously filled by the flow of seepage. 
The circular ditch system is also linked to one of the main 
water buffers in the region. Natural succession will transform 
these areas into the young forest of oak (Quercus petraea), ash 
(Fraxinus excelsior), white birches (Betula pubescens), hornbeam 
(Carpinus betulus), hazel (Corylus avellana) and hawthorn 
(Crataegus monogyna). 

The urban concept follows this succession process by densifying 
this forest in three stages. The first stage starts in 15 years as 
the necessity for urban expansions becomes inevitable. This stage 
contains the construction of the first generation of building 
blocks. The maximum height of the building blocks is defined by 
the height of the surrounding young forest. The building block has 
to be designed in a way that it is easy to transform it after thirty 
years. These building blocks are built on top of the elevations 
that are made of excavated soil. These elevations function as a 
ha-ha, which divides the public space and the collective space. 
The buildings and paths become part of surrounding ditch-system 
that circulates water. They are used to catch and drain rainfall 
into this circulating system. Lastly, the public space of the forest 
contain amenities that locals can use collectively when they 
are seeking cooling. The local waterbody is also used to provide 
these amenities publicly. By doing so, excess use of drinking water 
is limited. 
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 In thirty years starts the second stage of urbanisation. The thin-
ning of the forest makes place for new openings that are used 
to further urbanise the forest horizontally. The building blocks 
will be slightly higher since the trees have become taller. 

The third stage stops horizontal urbanisation and replaces 
it with densifying vertically. The 30-year old building blocks 
will be transformed into higher building blocks. This process is 
facilitated by limiting the type of ownership for the first and 
second-generation building blocks. This restriction lapses when 
the building blocks are transformed. This way of urbanisation has 
the advantage that dwelling adapted in each stage to evolving 
demand for different dwelling typologies.

 

figure 45: bird-eye view of proposed treeconstallation of expension. these constellation s  tstructure into a drought addaptive forest. 
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DISCUSSION 

This graduation project started with a fascination for nature 
fires. However, the research and design did not result in answer 
to question if spatial interventions can lead to prevention of 
these devastating events. The focus of the graduation topic 
moved to an underlying issue which appeared more extensive 
and complex. By doing so, it gradually evolved into a spatial 
investigation of designing with the consequences of an emerging 
lack of water. 

The field of landscape architecture developed design 
approaches which facilitate excesses of water in the last 
decades. Nevertheless, these approaches appeared to have one 
drawback as they all rely on the assumption that the supply 
of water is guaranteed. This resulted in designs which overlook 
their functioning in conditions with a limited amount of water. 
Consequently, they run the risk that spatial interventions which 
are used to meet contemporary social and climate goals become 
in vain due to drought stress. 

Addressing drought stress was not a straightforward process. 
First of all current understanding of drought stress appeared 
fragmented in different fields of science. The lack of overview 
avoided the development of a method to design in a drought 
adaptive way. Secondly, the implication of these method requires 
a different perspective on nature development due to the 
growing scarcity of space. Altogether, a holistic approach 
has proposed a solution. However, this approach has also its 
limitations. The discussion of these limitations forms the basis 
of recommendations for future research and design to drought 
stress. 

Evaluation of the design proposal 
The graduation project consists of research and a design 
proposal. The research relates as in input for the design 
proposal. Both parts distinguish themselves through the 
different sub-question they answer. The research in this project 
focuses on how to design with drought stress. Therefore it is 
used to create a method to design in a drought adaptive way. The 
literature study and desk analysis resulted in a compressive 
theoretical framework. The method can be used vice versa as 
a way to analyse the drought sensitivity of existing and future 
green structure. On the other hand, the design shows what kind 
of spaces are needed to realise a drought-adaptive design. It 
maps the spatial implications of drought adaptive strategies. This 
resulted in a series of new constellations of forest typologies 
which proposed to transform the current forest into a drought 
adaptive interurban forest.

Drought adaptive design in Landscape Architecture 
The graduation project uses urban forestry theory from the 
graduation lab in both the research to drought stress and 
drought adaptive design. It uses urban forestry matrix lens to 
design the relationship between cities and forests. The revised 
dimensions of urban forest are used to define the relevant lenses 
to solve drought stress. The scale of the urban forest is, for 
instance, used to structure different tree elements of the design 
method. 
A holistic landscape architectural approach is proposed to 
look into especially the spatial implications of the drought 
adaptive strategies. This implies that these trees or forests 
need to be regarded as spatial structures that are embedded in 
the landscape by its palimpsest, scale-continuum and processes. 
The landscape biography is used to reflect on the layers and 
complexity of the site. Furthermore, this approach tries to 
envision the consequences of the drought adaptive strategy on 
eye-level by linking three scales in the project. 

The last remark of this approach is that it needs to be regarded 
as a framework which will be further specified by urbanists, 
farmers, developers and municipalities. Therefore the design 
of these living clearings and food programme does not define 
a specified building programme or complete blue-print for the 
future farm or forest plantation. The position of landscape 
architectural designer restricts itself to plot the desired 
path. However, it is these other professions that, in the end, will 
colourise their patches.

Scope and relevance 
The research uses two methods to understand drought stress. 
The first method was a literature study which enables to develop 
an overview of the quantitative requirements of drought additive 
designs.  The result of the research considers as a supplement 
to the current understanding of drought stress. Nevertheless, 
this method bears theoretical limitations as it depends on the 
obtained knowledge that previous studies have generated. 
Moreover, the broadness of the overall theory is at the expense 
of the depth-related aspects of drought stress. 

Secondly, the complexity of drought stress appeared to depend 
on its spatial context. Therefore a desk analysis is added to 
understand the further spatial implementation of the theory.  
This enables the research to translate the generic strategy into 
drought adaptive design proposals. The spatial constraints form 
the second limitation which this research and design encountered. 
The desk analysis limits itself geographically to the region of 
the Utrecht Heuvelrug. The design starting point of the design is 
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glacial processes which formed the current landscape of the 
Utrechtse Heuvelrug. This means that spatial implications of the 
strategy do not include a different geographical region which is 
defined by other land forming processes. 
Moreover, the spatial constraints resulted in leaving out some 
theoretical aspects which appeared less relevant for the 
perception of the landscape.  Nature fires, pest and diseases were 
for instance left out although several studies underpin their 
interest in the future well-being of trees and forests

Dealing with scarcity 
Social and environmental relevance of this project lies mainly 
with different ways the strategy uses drought adeptness design 
as a spatial solution for dealing with scarcities like water, wood, 
food and dwellings. Moreover, the growing temporal scarcity 
of water creates tensions between nature conversation, food 
productions and urbanisation. The prohibition of extracting of 
groundwater or surface water creates economic damage for 
farmers as their yields decreases. On the long-run food security 
come under pressure as less food is available for countries/
communities who rely on the import of food. The relevance mainly 
appears to be the protection of performative landscape 

Ethical issues and dilemmas
The third type of limitation concern ethical issues and dilemmas 
which spatial strategies need always to deal with due to 
contradictory interests. The international, national and regional 
interests can potentially contradict with each other during 
the implementations of these strategies. Current policies and 
available subsidies support the extension interurban forest 
structure by transforming former agricultural areas into 
forests and wetlands. However, this support on a national 
level does not automatically imply local support for the 
strategy. A prime example is the impasse occurred when national 
policymaker started to implement the envisioned depolderisation 
of the Hedwigepolder. Local authorities and inhabitants started a 
movement which has opposed this development for serval years.
Considering the risk of running a deadlock is, therefore, 
necessary in both the strategy as the design. The desk analysis 
mapped, for instance, the different landowners in the study 
area. The phasing of the vision anticipates this uncertainty 
since it is impossible to predict in a desk analysis or landscape 
biography which farmers will stop farming. Also, the envisioned 
urbanisation is planned in the way the current expansion also 
can house future demand for housing. The envisioned expansion 
already anticipates to future densification of these living 
clearings. These research methods appeared, however, to 
addresses limited this topic. 
The Last ethical issue which has to be considered is food safety. 
It remains to be seen how long it is desirable that more and more 
farmer stops with farming in the Netherlands. This development 
can lead to a loss of food production, which can harm food 
safety around the world. The Netherlands, as the second-largest 
exporting country, forms an important link in the supply of food 

of many in countries. The design also addresses this issue from 
a drought perspective. The envisioned food clearings are, for 
instance, designed that remaining farmers’ experience as little as 
possible loss of food production through droughts. 

Future recommendations                    
The reflection of the limitations of this graduation project shows 
the different recommendations for future research and design to 
drought stress. 

Firstly, the geographical limits of this project offer opportunities 
for future research. The scope of this research and design is 
limited to a specific sand landscape in the province of Utrecht. 
However, the relevance of designing with drought or water 
scarcity seems to be global. A comparative study is a possible 
way to analyse different drought adaptive green structures 
depending on the different types of landscapes (and their 
underlying land forming processes). Especially countries like 
the United States, Portugal or Australia seem interesting from a 
drought adaptive point of view. 

Secondly, the theoretical limitations can be incorporated into 
future research and design. The overview of current theories 
about drought stress showed that still understanding of it 
is still incomplete. For instance, the hydrological features of 
trees species are still largely unknown at this moment. Research 
in climate arboreta is currently executed to develop new 
insight about tree species-specific reactions to environmental 
factors (like drought stress). This research can be input for 
new varieties which do not undermine the identity or spatial 
features of the specie. This happened with new varieties which 
usually were resistant to diseases or plagues like ash and elm 
trees. Moreover, climate arboreta offer the opportunity to 
research with different constellations. Current knowledge gives 
insight into the quantitative requirement for drought adaptive 
landscape designs. Monitoring of tree constellation can give 
insight into the qualitative requirements of drought adaptive 
designs. 

Lastly,  the ethical limitations showed that other research and 
design methods are required for further realisation of drought 
adaptive design. Especially the many interests of stakeholders 
and actor challenge the realisation of the proposed design. A 
management-game is a possible way to include them in the design 
process.



44

CONCLUSSION
The increasing drought during the summer is currently neglected 
in the design (and management) of green structures in the 
Netherlands. Recent studies to drought stress show that most 
of the knowledge to address it is available. However, it appears 
that current spatial developments in landscape architecture do 
not implement this specialized knowledge. Therefore, a holistic 
landscape architectural approach is proposed to look into 
especially the spatial implications of the drought stress. The 
main object of the graduation project is hence the mapping of 
spatial inventions which are necessary to transform the current 
forest structure Utrechtse Heuvelrug into an expanding drought 
adaptive interurban forest structure. 

The projected started with a literature study and site analysis 
of the case. The choice fell on the area of the Utrechtse 
Heuvelrug because of its remarkable spatial structure which 
faces different challenges. The literature study gave insights 
into the current understanding of drought stress. The five stages 
of the drought stress cycle illustrate how trees response to the 
causes of drought stress. Drought stress is the result of a moist 
deficit that is caused by the lack of precipitation or accessible 
groundwater. The characteristics of site, vegetation and nature 
management impact indirectly the severity and frequency of 
the drought stress. The trees appeared to have five methods to 
acclimate themselves against drought stress before they start 
to die. 

The desk analysis of the Utrechtse Heuvelrug showed the current 
functioning of the indirect factors. The Utrechtse Heuvelrug 
functions as a water infiltration area which is used for the 
supply of drinking water. The vegetation is primarily defined 
by the dry, poor, acidic conditions of the area. The variety of 
different types of vegetation of the area is the result of human 
interference that have reforested the area for more than two 
centuries. Urban development showed that it is an essential 
driver of the formation of the forest structure. However, the site 
analysis shows that the area is vulnerable to drought stress. 
This caused by the lack of retaining rainfall and extraction of 
groundwater. The current vegetation reaches currently their 
limits to deal with drought stress. 

The theoretical framework is the result of combining the 
drought stress cycle with urban forestry matrix with. In this 
way, a framework includes the spatial component of drought 
stress using the three scales of the urban forest. These scales 
contain the scale of the tree, constellations of trees and the 
overall forest structure. Ecology, Forestry, Hydrology and 
Urban Planning function as the four lenses which are used to 
understand and prevent drought stress. 

The second part of the graduation project consists of research 
by design for a sub-area of the Utrechtse Heuvelrug. The 
design shows a range of different interventions that can be 
implemented as part of a broader vision to build drought adaptive 
interurban forest structures. 

The vision proposed a new forest structure which will be realized 
in two stages. The structure considers itself as a patchwork of 
smaller forestry cores which each will incorporate its adjacent 
agricultural and urban cores. The current forest structure 
appears it consists of s of four types of tree constellations: 
lanes, estates, plantations and nature reserves. The first 
stage is the transformation of the structure, which consists 
of the addition of seasonal buffers in between the forestry, 
agricultural and urban cores. The second stage consists of 
the expansion of the forest in patches between the forestry, 
agricultural and urban cores. 

The vision is elaborated in regional design. The design proposes 
a new green and blue system that adapts the current grid 
to make it drought adaptive. Moreover, the adapted grid will 
facilitate further expansion of the forest. Lastly, the different 
corresponding constellations which are needed to transform 
and expand the current grid are described. This includes seven 
different constellations.
Transforming an existing forest structure consists of four types 
of tree constellation. The catchment valleys and network of 
ditches are two primary constellations that will be constructed 
to prevent existing forest of further deteriorating from drought 
stress. The sprengbeek and the zigzag are constellations that 
mainly let circulates the retained water. 
The constellation of expansion contains four types of tree 
constellation. These tree-constellations are the backbone of 
both developing agriculture and urban patches. The food clearing 
consists of wooded banks and swamp forests. The living clearings 
is the last constellation which is part of patches of dense forest. 
These patches are developed in between food clearings. 

In short, this graduation project resulted in the design of seven 
constellations, which illustrates spatial implications which 
are necessary to designing drought adaptive interurban forest 
structure in the Utrechtse Heuvelrug.
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