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Historical vegetation for microclimate amelioration: a case
study for The Netherlands

Michiel Bakx and Sanda Lenzholzer
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ABSTRACT
Current solutions for climate amelioration require excessive amounts of
energy, such as air conditioners and patio heaters. Yet, historical
energy-passive climate-responsive design solutions exist that have a
potential for outdoor microclimate control. Regarding these solutions,
there was no overview of historical vegetation for microclimate amelior-
ation in oceanic climate zones. We therefore explored historical vegeta-
tion types for microclimate amelioration in the Netherlands, for the
example of oceanic climate zones. We identified six vegetation types:
espaliered trees, tree lanes, berceaux, shelterbelts, green walls and
umbrella trees. For each type we described their historical microclimatic
function(s) and discussed their quantitative microclimatic effects based
on available literature. Whilst tree lanes and green walls are currently
applied to ameliorate urban microclimate, this seemed not to be the
case for umbrella trees, espaliered trees, shelterbelts and berceaux. We
therefore recommend urban designers to also consider these other his-
torical vegetation types for passive outdoor microclimate amelioration.

KEYWORDS
Climate-responsive design;
historical vegetation; urban
microclimate; oceanic
climate zone

Introduction

Outdoor microclimate phenomena, such as urban heat and wind gusts, affect health, indoor
heating and cooling demand, work productivity, and public space attendance (Heaviside,
Macintyre, & Vardoulakis,2017; Kjellstrom, Holmer, & Lemke,2009; Kolokotroni, Giannitsaris, &
Watkins,2006; Nikolopoulou & Lykoudis,2007). With climate change the duration and occurrence
of extreme heat events will increase (Amengual et al.,2014; IPCC,2014) and intensify existing
urban heat related problems (Lauwaet et al.,2016). Consequently, outdoor urban microclimate
amelioration will become more important.

Different solutions may contribute to outdoor microclimate amelioration, including: built form,
materials, water and vegetation (Kleerekoper, Van Esch, & Salcedo,2012). Amongst these solu-
tions, many require excessive amounts of energy, either to be manufactured or to operate,
thereby significantly impacting the environment. Examples of these solutions include patio heat-
ers (Hitchings,2007), water mist spray systems (Ulpiani,2019) and some living wall systems
(Manso & Castro-Gomes,2015).

Yet, historical energy-passive microclimate solutions already exist that may have a potential
for current day use. From 1900 onward these historical microclimate solutions have largely been
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substituted with heating, ventilation and air-conditioning technologies (Brown,2010) that are
largely driven by fossil fuels. We therefore hypothesise that research into historical precedents of
passive microclimate solutions that existed before 1900 may broaden the scope of potential
energy-passive solutions for microclimate amelioration in contemporary outdoor spaces.

Within the variety of historical solutions, this study focusses on the role of historical vegeta-
tion for outdoor urban microclimate amelioration. Vegetation can ameliorate urban microclimate
by providing different gradients of shade and sun, enabling evaporative cooling and controlling
exposure to wind (e.g. Brown, Vanos, Kenny, & Lenzholzer,2015; Cameron, Taylor, & Emmett,
2014; Torita & Satou,2007). Vegetation may furthermore enhance psychological thermal comfort
(Nikolopoulou & Steemers,2003) and offer other ecosystem services, such as promoting mental
and physical health, attracting urban wildlife, offering aesthetical experiences, contributing to
urban stormwater management, reducing CO2 concentrations, and producing food and timber
resources (Niemel€a et al.,2010).

Examples of historical vegetation for microclimate amelioration have been described in the
academic literature. This body of literature represents examples from different climate zones of
the K€oppen-Geiger classification for climate zones (Kottek, Grieser, Beck, Rudolf, & Rubel,2006)
and includes studies from (Toe & Kubota,2015) for the tropical rainforest climate (Af), Nguyen,
Tran, Tran, and Reiter (2011) for the tropical Savanna climate (Aw), Mazhar, Brown, Kenny, and
Lenzholzer (2015) for the hot semi-arid climate (Bsh), Attia (2006) for the hot desert (Bwh) and
mediterranean climate (Csa), Hagen (2011) for the mediterranean climate (Csa), Kimura (1994) for
the humid subtropical climate (Cfa), Jingxia (1996) and Bouillot (2008) both for a humid subtrop-
ical (Cfa) and humid continental climate (Dwa).

We did not find academic literature that specifically focussed on historical vegetation for
microclimate amelioration in oceanic climate zones (Cfb). Nevertheless, examples of historical
vegetation for microclimate amelioration in a variety of outdoor environments with an oceanic
climate have been mentioned in the literature (Bakker,1999; Burm & Haartsen,2003; Dirkmaat,
2005; Jansen & Benthem,2005; Maes,2010; Nooren,1974).

Yet, a more dedicated overview of historical vegetation for microclimate amelioration, includ-
ing descriptions of their quantitative microclimatic effects, is generally lacking. Such an overview
can contribute to the design of energy-passive solutions for outdoor microclimate amelioration.
For this reason our study aimed at creating an overview of these vegetation types in oceanic
climate zones. The study thereby answered the following research questions: (1) what are histor-
ical vegetation types for microclimate amelioration in oceanic climate zones; and (2) what are
their historical and current functions in microclimate amelioration?

Materials and methods

To get a first overview of historical vegetation types for microclimate amelioration in oceanic
climate zones, an exploratory study was conducted, consisting of semi-structured expert inter-
views and literature study. The exploratory study focussed on the Netherlands, as an example of
a country with an oceanic climate.

Semi-structured expert interviews

The semi-structured expert interviews were undertaken to establish a first insight into historical solu-
tions for outdoor microclimate amelioration. Seven potential interviewees were originally identified
from websites of Dutch universities and consultancy offices with expertise in historical outdoor envi-
ronments and contacted by e-mail. Three experts accepted the invitation and two experts referred
us to one of their colleagues. This resulted in five semi-structured interviews with experts that were
specialised in either the field of urban history, historical geography, or garden history.
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At the time the interviews were held, we still had to learn if focussing on historical vegetation
for microclimate amelioration would provide relevant results. We therefore also included
questions regarding other types of historical climate-responsive design solutions, such as built
form, materials and water as defined by Kleerekoper et al. (2012). The interviewees were first
introduced to the topic of climate-responsive design through a short presentation explaining the
basic goals for microclimate amelioration (providing different gradients of shade and sun; ena-
bling heat losses from surfaces and indoor spaces; enabling evaporative cooling; and controlling
exposure to wind). Then the interviewees were asked to think of historical examples that fulfilled
one or more of these goals, either intentionally or unintentionally. With each interview we
gained more knowledge about historical solutions for microclimate amelioration. These solutions
were then mentioned during subsequent interviews to promote associative thoughts amongst
the interviewees. At the end of each interview, the climate-responsive design solutions
mentioned by the interviewee were summarised and the interviewee was asked for any further
additions. The interviews lasted approximately 45 min and were recorded with a voice recorder.

After transcribing the recorded interviews, we conducted a content analysis in which the
historical solutions for microclimate amelioration were coded manually. We categorised these his-
torical solutions into built form, materials, water and vegetation based on the four categories for
climate-responsive design (Kleerekoper et al.,2012). From the interviews we learned that
focussing on historical vegetation for outdoor microclimate amelioration would provide relevant
results for further research. We therefore did not focus on the other categories of climate-
responsive design (built form, materials and water).

Literature study

The interviewees provided a first overview of historical vegetation types for microclimate ameli-
oration in the Netherlands. To collect primary sources containing historical knowledge about
these vegetation types for microclimate amelioration, we conducted a study of the historical lit-
erature. With the literature study we aimed to identify historical descriptions of these vegetation
types for microclimate amelioration. We decided to focus on literature that was published before
1900, i.e. the time period in which energy-passive microclimate solutions were commonly
employed and not yet substituted with heating, ventilation and cooling technologies (Brown,
2010). Due to the range of outdoor contexts in which the historical vegetation types occurred,
the design of our literature study emerged from an interactive process in which the preliminary
analysis of data contributed to alterations in the design of the study (Yazan,2015).

To commence with the literature study we used the website‘Leestekens van het Landschap’
(Kenniscentrum Landschap & Landschapsbeheer Nederland,2014). This website was mentioned
by three interviewees for providing an overview of most historical vegetation types in the
Netherlands. From the website we obtained 73 references relating to the vegetation types men-
tioned by the interviewees. From these references, 25 documents focussed on Dutch landscapes
and were accessible digitally or printed from the library of Wageningen University. These docu-
ments were published after 1900 and were used to learn more about the historical functions,
locations and origin of these vegetation types. The documents also provided information about
an additional historical vegetation type for microclimate amelioration—the umbrella tree—which
was not mentioned by the interviewees.

From the 25 documents obtained from the website, we could also extract a list of 30 referen-
ces that were published before 1900. From these references, sixteen contained quotes describing
the use of vegetation for microclimate amelioration, three of them were published between
1600 and 1700, seven between 1700 and 1800 and six between 1800 and 1900. Twelve of these
publications focussed on the design and maintenance of (estate) gardens, while four were about
agricultural landscapes. These sources were either accessed digitally from Google Books or
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printed from the Special Collections of Wageningen University. Within these sources we identi-
fied quotes that described the historical use of these vegetation types for microclimate
amelioration.

Within the historical literature found, we could not identify multiple sources describing the
microclimatic effects of espaliered and umbrella trees on the microclimate. To identify additional
historical literature about the microclimatic effects of these vegetation types, we searched in the
digital library for Dutch literature (DBNL). DBNL contains a digital collection of Dutch literary, lin-
guistic and cultural-historical texts. In DBNL we searched with Dutch search terms forTilia trees
(linde OR linden) AND shade (lommer OR schaduw) as espaliered trees and umbrella trees were
often created with Tilia trees and planted to cast shade. This generated 546 results that were
published before 1900. Eight of these documents described the microclimatic effects of umbrella
trees and fifteen described the microclimatic effects of espaliered trees. Within these documents
we also came across texts describing the microclimatic effects of other historical vegetation
types, including four documents for berceaux, one document for shelterbelts and five documents
for tree lanes.

Results and discussion

In the first section of this paragraph we present an overview of the historical vegetation types
for microclimate amelioration. In the following sections we provide a definition for each vegeta-
tion type and describe its historical functions. For each vegetation type we also briefly discuss
their contemporary use and expected quantitative microclimate effects based on contemporary
scientific literature. We also present diagrams to illustrate their microclimatic effects. For two
vegetation types there was no contemporary scientific literature available about their quantita-
tive microclimatic effects. For these vegetation types we illustrated their potential microclimatic
effects based on more general principles from climate responsive design derived from
Lenzholzer (2015).

Vegetation types for microclimate amelioration

The semi-structured interviews originally yielded eight types of historical vegetation that were
considered to ameliorate microclimate:‘bomenlanen’ (tree lanes),‘houtwallen’ (type of shelter-
belt), ‘elzensingels’ (type of shelterbelt), ‘houtakkers’ (type of shelterbelt), ‘koebochten’ (type of
shelterbelt), ‘berceaux’ (arboured walkway),‘fruitmuren’ (type of green wall) and‘leilindes’ (espa-
liered trees). Some of these vegetation types had a similar three-dimensional form. For example
‘houtwallen’, ‘elzensingels’, ‘houtakkers’, and ‘koebochten’ are dense vegetation elements consist-
ing of one or more rows of trees and/or shrubs planted in a linear fashion. As the three-dimen-
sional form of the vegetation types influences their microclimatic effects, the vegetation types
are categorised according to their form characteristics, following their plan view, longitudinal
form and cross-sectional form. Based on this principle we categorised‘houtwallen’, ‘elzensingels’,
‘houtakkers’, and ‘koebochten’ as shelterbelts. The categorisation resulted in five types of histor-
ical vegetation for microclimate amelioration: espaliered trees, tree lanes, berceaux, shelterbelts
and green walls. During the literature review we identified the umbrella tree as additional histor-
ical vegetation type for microclimate amelioration. This resulted in six types of historical vegeta-
tion for microclimate amelioration (Figure 1).

Espaliered trees
Espaliered trees are defined as trees with branches that are vertically led along a trellis or cop-
piced into a vertical form. Espaliered trees were planted in estate gardens for their aesthetical
appeal and ability to cultivate fruit, as well as along south and southwest facing facades of farms
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and houses to function as sunscreen (Figure 2(a)). Burvenich (1878, p. 42) wrote: ‘Outside it is
common use to plant trees, whose branches are led along a trellis, to restrain sunlight from intrud-
ing houses. For this purpose people commonly use Tilia species in our country.’ (own translation).By
shaping trees into a vertical screen, a space-efficient sunscreen was created. The lowest branches
of espaliered trees started at a height that screened the summer sun, allowing the lower spring
and autumn sun to shine underneath. In winter the espaliered trees lost their leaves and thereby
allowed the winter sun to radiate into the building (Figure 3(a)).

Some of the espaliered trees that were planted in the nineteenth century can still be found in
the Netherlands, for example a row of five espaliered trees in Puttershoek, near Rotterdam (HWL,
2018). Nowadays espaliered trees are still being planted, often further away from the houses
than formerly, which is rather done for aesthetical reasons and to create privacy, instead of shad-
ing the house. To our best knowledge, no scientific research exists that has used microclimatic
measurement or simulation methods to quantify how espaliered trees contribute to microclimate
amelioration.

Tree lanes
Tree lanes are defined as linear rows of trees that are planted in a repetitive manner alongside a
road or path. One of the earliest Dutch urban tree lanes was planted around 1536 (van
Driessche, van den Bremt, & Smets,2017), along the Lange Voorhout, The Hague (Figure 2(b)). In
Batava Tempe, Huygens (1621) praised the cool climate underneath this tree lane. Later,
Huygens published Zee-straet, in which he wrote about the design for a road connecting The
Hague and Scheveningen (Huygens,1667, p. 35) saying:‘Haven’t we cared enough for your
wishes? The sun, the evil sun, we have tried to screen from you. Look at the shadow cast by many
green branches, that in short time will grow into a green roof. Do you have other concerns, and are
you worried about the wind? It won’t take long before you will find shelter, as the street is covered
with three rows of Alnus on each side.’ (own translation).Tree lanes were popular elements in
estate gardens for a variety of reasons. For example, de la Court van der Voort (1737) wrote that
tree lanes could contribute to wood production, represent the estate owners’ wealth, exaggerate
perspective, and provide shelter from wind and sun. Knoop (1790), van der Groen (1699) and de
la Court van der Voort (1737) recommendedTilia tree species for their shading function.

Figure 1.Typology of historical types of vegetation for microclimate amelioration (Source: produced by the authors).
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While historical tree lanes have disappeared for many reasons (e.g. due to pests and diseases,
to make room for alternative types of land use or to be sold as fuel and construction material)
new tree lanes have been planted alongside urban and rural roads in the Netherlands after
1900. These contemporary tree lanes are more broadly referred to as‘street trees’. Urban street
trees may provide numerous benefits, contributing to storm water management, increasing
property values, contributing to aesthetics, promoting health and mitigating heat (Tyrv€ainen,
Pauleit, Seeland, & De Vries,2005). Regarding the latter, literature shows that street trees signifi-
cantly modify urban outdoor microclimate (Figure 3(b)). For oceanic climate zones, Klemm,
Heusinkveld, Lenzholzer, Jacobs, and Van Hove (2015) found that a 10% tree cover in streets
contributed to an average reduction of 1� C in radiant temperature. Street trees not only modify
the microclimate through shading, but also reduce air temperature by the process of evapor-
ation. Shashua-Bar and Hoffman (2000) found that shading accounted for 80% of air temperature
reduction underneath a tree canopy, while evaporation accounted for the remaining 20%. Tree
lanes may also control wind speed. For example, four sidewalk trees could reduce wind speed

Figure 2.Examples of historical vegetation types for microclimate amelioration: a espaliered trees as sunscreen along farm in
Odijk, Bunnik, The Netherlands (‘Gezicht in de Dorpsstraat met bebouwing te Odijk,’ 1895–1900); b urban tree lane at the
Lange Voorhout, The Hague, The Netherlands (la Fargue,1770); c berceau in Renaissance Garden, The Netherlands (Vredeman
de Vries,1635-1640); d shelterbelt enclosing vegetable garden at estate Woestduin, The Netherlands (‘Buitenplaats
“Woestduin”, broeikassen,’ 1885); e green facade at villa Voor Eng, Baarn, The Netherlands (Broese,1890); f activities at castle
during spring with an umbrella tree in the foreground (de Bruyn,1581–1656).
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inside the canopy by up to 51% (Park, Hagishima, Tanimoto, & Narita,2012). However, the poten-
tial of street trees to reduce wind speed depends on the incoming wind direction relative to the
street: tree lanes reduce the velocity of winds perpendicular to the street and accelerate winds
parallel to the street (Jeanjean, Buccolieri, Eddy, Monks, & Leigh,2017).

Berceaux
Berceaux are pathways covered with vegetation that are shaped either with or without a sup-
porting structure. Vredeman de Vries (1583) shows that berceaux were already common ele-
ments in Renaissance gardens (e.g.Figure 2(c)). While berceaux mainly functioned as
architectural elements and garden enclosures, some were also planted to cultivate fruits (van der
Groen,1699). Furthermore, van der Groen (1699, p. 81) mentioned that:‘This provides, apart from
a pleasant view, comfortable sheltered areas, and walks, where someone can escape the summer
sun.’ (own translation).Historical images of berceaux indicate that berceaux were shaped in
many different forms, potentially following regional variation or preferences of estate owners.
For example, the berceau at estate Clingendaal (Stoopendaal,1700) is illustrated as a closed
archway with vegetated sides, while the berceau at Slot Zeist is illustrated with open sides and
merely a vegetated roof (Stoopendaal,1670–1680).

Figure 3. Illustration showing microclimatic effects of historical vegetation types a espaliered trees, sheltering summer sun (1)
but allowing lower spring and autumn sun (2); b microclimatic effects of tree lanes; c microclimatic effects of berceau with
closed sides (1) or with open sides (2); d microclimatic effects of shelterbelts; e historical types of green walls (1) espaliered
fruit and (2) free climbing plants; f microclimatic effects umbrella trees (Source: produced by the authors).
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Due to the high costs associated with the maintenance of berceaux (Himpe & Vanhove,2022)
only a few have remained in the Netherlands. Some examples of (renovated) historical berceaux
are located at palace Het Loo (Apeldoorn), castle Weldam (Markelo), estate Baarnsche Bos
(Baarn), and estate Mari€endaal (Renkum). More contemporary versions of berceaux, also known
as pergolas or arbour walkways, are nowadays constructed in Dutch private gardens and public
parks, but are not yet commonly used for microclimate amelioration in urban public spaces.
Despite this, research shows that pergolas can significantly reduce radiant temperature by cast-
ing shade (Hoyano,1988; Katsoulas et al.,2017; Watanabe, Nagano, Ishii, & Horikoshi,2014).
Some studies also found a reduction in air temperature below pergolas (Ch�afer, Pisello, Piselli, &
Cabeza,2020; Katsoulas et al.,2017). For example, an experimental study with a pergola in a
mediterranean climate showed that the pergola provided a local air temperature reduction up to
5 � C on a hot summer day (Ch�afer et al.,2020). To our best knowledge, the quantitative microcli-
matic effects of berceaux, arbour walkways or pergolas specifically in oceanic climate zones have
not been discussed in scientific literature.

Shelterbelts
Shelterbelts are defined as dense rows of trees and/or shrubs that are regularly cut or coppiced
to enhance their dense character. Unlike tree lanes, shelterbelts have a dense character starting
from ground surface level. Shelterbelts can be considered types of hedgerows that are high
enough to provide substantial protection from wind. The oldest types of Dutch shelterbelts func-
tioned as cattle barrier and were used to demarcate property (Nooren,1974). Through the prac-
tice of coppicing, shelterbelts were not only shaped into dense barriers, but the harvested wood
could also be used as fuel, as building material or to fabricate tools (van Driessche,2019).
Shelterbelts were also planted to shelter wind-sensitive crops or to prevent soil erosion from
wind. For example, Thys (1792, p. 300) mentioned that:‘These enclosures are very much of advan-
tage, and in my opinion, very much necessary at every field, to protect and maintain fruits from ani-
mals, wind, weather, and so forth.’ (own translation). Brouwer (1824) also described the
importance of shelterbelts planted withFraxinuson the north and west side of tree nurseries to
provide wind shelter. Depending on landscape type, different varieties of shelterbelts existed in
the Netherlands, including ‘houtwallen’, ‘elzensingels’, ‘houtakkers’, and ‘koebochten’. For
example, ‘koebochten’ were mainly planted in open peat landscapes on the corner of pasture
lands to shelter dairy cattle from wind and sun (Busz & Hine,2001)

Shelterbelts were also commonly planted around estate gardens to provide wind protection
(Figure 2(d)). For example, de la Court van der Voort (1737, p. 15) wrote:‘The first thing someone
should be concerned with, after obtaining new land, is to plant a proper wind shelter, without it no
fruit and vegetables can be grown, and providing wind shelter to the estate houses is also of crucial
necessity, otherwise they would shortly be ruined and become inhabitable.’ (own translation).
According to Knoop (1790) Fraxinus, Ulmusand Salixspecies are especially suitable for the cre-
ation of shelterbelts. Knoop (1790) also described how to plant a shelterbelt:‘Regarding the trees
that one plants as shelterbelt, not much attention is paid to their looks, but rather to their utility;
one plants these trees mainly on the edge of the garden, especially on the north- and west sides, as
the coldest winds come from these sides, one plants them normally close to each other, namely
with 4 or 5 feet distance in-between.’ (own translation).

With the Dutch land consolidations, that were organised on a large scale after WWII, frag-
mented land parcels were restructured into larger land holdings and many historical shelterbelts
disappeared. The disappearance of shelterbelts in the Netherlands resulted in the reduction of
shaded areas where cattle could seek relieve from the sun on hot summer days. As a response,
the Dutch campaign‘trees for cows’ originated that already has planted more than 100 000 trees
to provide shade to cattle on hot summer days (https://www.bomenvoorkoeien.nl/).
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Research regarding microclimatic effects of shelterbelts has primarily focussed on their wind
effects. Amongst different variables, shelterbelt porosity and width significantly influence wind
shelter effect (Torita & Satou,2007). While shelterbelts with a low porosity better reduce wind in
their wake area, they tend to create more turbulence and wind speed tends to recover more
quickly (Cornelis & Gabriels,2005). Apart from influencing wind speed, shelterbelts can also
reduce daytime radiant temperature through casting shade (Figure 3(d); Cleugh,1998). Despite
that shelterbelts are generally not planted in urban areas, research shows that shelterbelts can
be designed in a way that contributes to a comfortable outdoor urban microclimate
(Lenzholzer,2012).

Green walls
Green walls are defined as walls covered with vegetation. Historically two main types of green
walls existed in the Netherlands (Figure 3(e)). The first type includes walls covered with espa-
liered fruit trees. Espaliered fruit trees were planted along walls to benefit from heat retention
and wind shelter provided by these walls, which favoured the growth and ripening of fruit
(Knoop, 1753). By horizontally spreading the branches of fruit trees, all branches were equally
exposed to solar radiation (Knoop,1753). In the historical literature we could not find indications
that walls covered with espaliered fruit trees were intended to ameliorate microclimate. The
second historical type of green walls consists of self-climbing plants. While these were mainly
created for their aesthetical appeal, they were also known for their microclimatic effects, i.e. shel-
tering buildings from wind and rain. For example, Knoop (1790, p. 50) mentioned that‘ … some-
times they are planted against walls, on the north- and west sides of orangeries, greenhouses, and
other buildings,… to restrain intrusion from air, cold, rain and wind.’ (own translation).According
to de la Court van der Voort (1737, p. 204) green walls grown withHederaspecies were espe-
cially beneficial to insulate greenhouses and orangeries and were considered to be‘as effective
as a facade of half a brick thick.’ (own translation).

It is unclear how many walls with espaliered fruit trees still exist in the Netherlands, but exam-
ples of walls with self-climbing plants seem to be rather widespread. Apart from these two his-
torical types of green walls, new types of green walls have been introduced more recently.
These so called living wall systems include growing mediums, such as trays, vessels, or planter
tiles, often with irrigation technologies, to support the growth of a wider variety of plant species.
In general, green walls are increasingly recognised for their provision of ecosystems services,
such as improving building thermal performance, reducing air pollution, reducing stormwater
runoff and increasing biodiversity (Radi�c, Dodig, Auer, Radi, & Brkovi,2019). Green walls may also
contribute to microclimate amelioration. For example, Alexandri and Jones (2008) modelled the
cooling effect of green walls on air temperature for different cities. They found that green walls
in London, Moscow and Montreal could reduce air temperatures with 1.7–2.1� C on a typical day
for the hottest month. To study the relative contribution of evaporative cooling and shading to
the total cooling effect of green walls, the cooling effects of sealed (no evapotranspiration) and
non-sealed plants were compared in the UK (Cameron et al.,2014). The results showed that both
sealed and non-sealed plant species significantly reduced facade and air temperatures, but that
non-sealed plants provided an additional cooling effect through evaporation. When comparing
tree lanes with green walls, a study in the Netherlands shows that green walls provide notice-
able, but less significant cooling effects on a heatwave day than tree lanes (Gromke et al.,2015).

Umbrella trees
The umbrella tree is a solitary tree with branches pruned into one or multiple horizontal plane(s).
While umbrella trees were tiered into a variety of forms, umbrella trees consisting of three hori-
zontal planes occurred most frequently (Graefe,1987). There are different hypotheses to explain
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their form (Himpe, 2019). For example, the three tiers could represent a cosmic symbol of the
three regions inhabited by demons, men and gods (Graefe,1987). Umbrella trees were often
planted with Tilia species at the central place of villages in Germany, Belgium and the Southern
parts of the Netherlands (Knoop,1790). Underneath its canopy important announcements were
made and jurisdiction took place (Knoop,1790). Umbrella trees were also planted in Medieval
castle gardens (e.g. de Bruyn,1581–1656; Sadeler,1560–1600; van der Borcht,1545–1608). These
umbrella trees were shaped in different forms and used for social gatherings, such as dances
and dinners (e.g.Figure 2(f)). The structure of these trees might have been created to provide a
pleasurable microclimate (Figure 3(f)). In the Dietsche Warrande,Hofdijk (1855, p. 368) describes
the castle of Gorinchem, saying that:‘There stands a yellow green Tilia tree, with its branches
widely spread out, the favourite Mediaeval tree, the tree of love… This tree, with a wide crown, is
the favourite place to gather, showing by the wooden frame below it, to support its heavy branches,
arching into a green roof, full of shelter and shade, forming a pleasurable arbour.’ (own translation).

Only a few historical umbrella trees still exist in the Netherlands, for example in Nuenen,
Tilburg, Hilvarenbeek and Oisterwijk. These trees are remnants with only one horizontal plane
left. New examples of umbrella trees are occasionally planted. For example in Zelhem, The
Netherlands, a new umbrella tree was planted to celebrate the 1200th anniversary of the village.
Nowadays alternative types of umbrella trees are sold at garden centres. These trees consist of
one horizontal plane and are planted for their architectural qualities and ability to cast shade.
The quantitative microclimatic effects of umbrella trees have not yet been discussed in recent
scientific literature.

Limitations

This exploratory study provides a first overview of historical vegetation types for microclimate
amelioration in the Netherlands. For these vegetation types a literature study was conducted to
identify their historical use for microclimate amelioration. While our research focussed on histor-
ical vegetation that was implemented in a variety of outdoor contexts, i.e. private gardens (often
owned by the nobility), rural landscapes and urban areas, the historical literature used in this
study underrepresents vernacular knowledge regarding vegetation that mainly existed in rural
landscapes, such as espaliered trees and umbrella trees. Different methods, such as the study of
the relics of espaliered and umbrella trees and interviews with farmers from the early twentieth
century could broaden our insights.

Our study provides a first overview of historical vegetation types for microclimate amelior-
ation in the Netherlands and we believe this overview is largely complete. Other examples of
vegetation types that may have been used for microclimate control could be green roofs, solitary
trees and bosquets. Further research is required to study if and how these vegetation types were
used for microclimate control.

In our study the Netherlands was used as a case to research historical vegetation for microcli-
mate amelioration within oceanic climate zones. Most of the vegetation types in our study probably
have been implemented for microclimate amelioration in other countries with oceanic climate
zones as well—e.g. umbrella trees in Germany (Graefe,1987)—and some even in other climate
zones—e.g. shelterbelts in Japan (Kimura,1994). The representativeness of these types of vegetation
for other countries within and beyond oceanic climate zones requires further research.

Most importantly, to understand the ability of the different historical types of vegetation in
ameliorating the microclimate, we scrutinised the scientific literature regarding the quantitative
microclimatic effects of the historical vegetation types. To our knowledge the literature did not
provide information about the microclimatic effects of espaliered trees, berceaux and umbrella
trees for oceanic climate zones. Similar to the study of Hagen (2011), microclimate simulations
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(such as ENVI-met simulations) could provide more precise quantitative data about the microcli-
matic effects of these types of historical vegetation.

Conclusion

This research provides a first overview of six historical vegetation types for microclimate amelior-
ation in the Netherlands, including espaliered trees, tree lanes, berceaux, shelterbelts, green walls
and umbrella trees.

The historical types of vegetation were energy passive and developed with local materials.
These microclimate solutions therefore offer an alternative to some solutions that use excessive
energy, have a large amount of embodied energy and are constructed with artificial materials.
When these vegetation types are implemented in urban areas they may create a more comfort-
able outdoor climate, reduce indoor heating and cooling demand, and thus enhance public
space attendance and indoor work productivity and health. Additionally, these green interven-
tions may provide other societal and environmental benefits, such as attracting urban wildlife,
offering aesthetical experiences, contributing to urban stormwater management, reducing CO2

concentrations, and producing food and timber.
We expect that these typologies of historical vegetation structures can inspire climate-

responsive urban design. We recommend urban policymakers to regulate and promote the
design and management of these historical vegetation types for microclimate amelioration. The
design and management of these vegetation types could be regulated in policies such as zon-
ing plans, green infrastructure plans, green management plans, manuals for public space
design, visual quality plans, or other policies regarding the design and management of public
space, depending on the municipal policies that are in place in specific countries. Apart from
using policy regulations, the implementation of these vegetation types could be promoted by
providing subsidies for their implementation and/or the organisation of local events that
stimulate their implementation by local property owners. When using these vegetation types
for climate-responsive design their maintenance needs to be carefully considered, since these
vegetation types were sometimes abandoned because of their intensive maintenance
requirements.

This exploratory study sets the agenda for further research. Further research should look into
vernacular knowledge about historical types of vegetation for microclimate amelioration, such as
umbrella trees and espaliered trees. Further research is also necessary to understand how repre-
sentative the outcomes of this research are for other countries with oceanic climates and for
countries with other climates. To our best knowledge, research has only quantified the microcli-
matic effects of tree lanes, green walls and shelterbelts, indicating their potential to ameliorate
the microclimate. However, the microclimatic effects of the espaliered trees, berceaux and
umbrella trees still seem to be unknown for outdoor environments in oceanic climate zones.
Finally, while tree lanes and green walls are in some cases already applied in urban areas to
ameliorate the microclimate, this seems less common for espaliered trees, berceaux, umbrella
trees and shelterbelts. Further research is required to investigate how these types of vegetation
may be tailored to fit into contemporary cities.

Overall our research indicates that vegetation was applied for passive microclimate amelior-
ation in a wide variety of historical outdoor spaces. Studying these historical types of vegetation
may contribute to knowledge of environmentally friendly climate-responsive designs that pro-
mote thermal comfort and urban liveability.
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choice influences the cooling properties of green walls.Building and Environment, 73, 198–207. doi:10.1016/j.buil-
denv.2013.12.005

Ch�afer, M., Pisello, A. L., Piselli, C., & Cabeza, L. F. (2020). Greenery system for cooling down outdoor spaces: Results
of an experimental study.Sustainability (Switzerland), 12(15), 5888. doi:10.3390/su12155888

Cleugh, H. A. (1998). Effects of windbreaks on airflow, microclimates and crop yields.Agroforestry Systems, 41(1),
55–84. doi:10.1023/A:1006019805109

Cornelis, W. M., & Gabriels, D. (2005). Optimal windbreak design for wind-erosion control.Journal of Arid
Environments, 61(2), 315–332. doi:10.1016/j.jaridenv.2004.10.005

de Bruyn, N. (1581-1656). Lente. Rijksstudio. Retrieved fromhttp://hdl.handle.net/10934/RM0001.COLLECT.89050
de la Court van der Voort, P. (1737). Byzondere aenmerkingen over het aenleggen van pragtige en gemeene landhui-

zen, lusthoven, plantagien en aenklevende cieraeden. Leiden: Kallewier, Verbeek, Verbeek, & van der Eyk.
Dirkmaat, J. (2005). Nederland weer mooi: op weg naar een natuurrijk en idyllisch landschap. Den Haag: ANWB.
Gezicht in de Dorpsstraat met bebouwing te Odijk (1895–1900). Het Utrechts Archief.Retrieved fromhttps://hetu-

trechtsarchief.nl/beeld/E51636492FEF53C7B0ED851E7A94BF6A

LANDSCAPE RESEARCH 423



Graefe, R. (1987). Geleitete Linden. Daidalos, 23, 17–29.
Gromke, C., Blocken, B., Janssen, W., Merema, B., van Hooff, T., & Timmermans, H. (2015). CFD analysis of transpira-

tional cooling by vegetation: Case study for specific meteorological conditions during a heat wave in Arnhem,
Netherlands.Building and Environment, 83, 11–26. doi:10.1016/j.buildenv.2014.04.022

Hagen, K. (2011). Freiraum im Freiraum. Mikroklimatische Ans€atze f€ur die st€adtische Landschaftsarchitectur(Doctoral).
Technische Universit€at Wien, Retrieved fromhttp://hdl.handle.net/20.500.12708/9276

Heaviside, C., Macintyre, H., & Vardoulakis, S. (2017). The urban heat island: Implications for health in a changing
environment. Current Environmental Health Reports, 4(3), 296–305. doi:10.1007/s40572-017-0150-3

Himpe, K., & Vanhove, L. (2022). Tunnelwerken in de Wevelgemse Gemeentelijke Hovingen. Restauratie van de beu-
kenberceau bij het Kasteel Van Ackere.Monumenten, Landschappen en Archeologie - M&L, 41(2), 5–21.

Himpe, K. (2019). Etagebomen in Vlaanderen, criterianota.Onderzoeksrapport agentschap Onroerend Erfgoed 127.
Retrieved fromhttps://oar.onroerenderfgoed.be/item/5418

Hitchings, R. (2007). Geographies of embodied outdoor experience and the arrival of the patio heater.Area, 39(3),
340–348. doi:10.1111/j.1475-4762.2007.00754.x

Hofdijk, W. J. (1855). Het kasteel van Gorinchem.Dietsche Warande, 1, 362–374.
Hoyano, A. (1988). Climatological uses of plants for solar control and the effects on the thermal environment of a

building. Energy and Buildings, 11(1–3), 181–199. doi:10.1016/0378-7788(88)90035-7
Huygens, C. (1621). Batava Tempe, dat is‘t Voor-hout van’s-Gravenhage. Middelburg: Hans van der Hellen.
Huygens, C. (1667). Zee-straet. Reprinted in L. Strengholt (Ed.),(1981). Zee-straet Constantijn Huygens. Zutphen:

Thieme & Cie.
HWL (2018). Monumentale leilinden gesnoeid. HWL. Retrieved fromhttps://www.hwl.nl/#!detailnewspage/i4095/mon-

umentale-leilinden-gesnoeid.html
IPCC (2014). Climate change 2014: Synthesis report. Geneva, Switzerland: IPCC.
Jansen, P., & Benthem, M. V. (2005). Historische boselementen: geschiedenis, herkenning en beheer. Wageningen:

Stichting Probos.
Jeanjean, A., Buccolieri, R., Eddy, J., Monks, P., & Leigh, R. (2017). Air quality affected by trees in real street canyons:

The case of Marylebone neighbourhood in central London.Urban Forestry and Urban Greening, 22, 41–53.
doi:10.1016/j.ufug.2017.01.009

Jingxia, L. (1996). The bioclimatic features of vernacular architecture in China.Renewable Energy., 8(1–4), 305–308.
doi:10.1016/0960-1481(96)88866-5

Katsoulas, N., Antoniadis, D., Tsirogiannis, I. L., Labraki, E., Bartzanas, T., & Kittas, C. (2017). Microclimatic effects of
planted hydroponic structures in urban environment: Measurements and simulations.International Journal of
Biometeorology, 61(5), 943–956. doi:10.1007/s00484-016-1274-0

Kenniscentrum Landschap, & Landschapsbeheer Nederland. (2014). Leestekens van het landschap. Retrieved from
https://www.leestekensvanhetlandschap.nl/

Kimura, K. (1994). Vernacular technologies applied to modern architecture.Renewable Energy, 5(5–8), 900–907. doi:
10.1016/0960-1481(94)90110-4

Kjellstrom, T., Holmer, I., & Lemke, B. (2009). Workplace heat stress, health and productivity - an increasing chal-
lenge for low and middle-income countries during climate change.Global Health Action, 2(1) 2047. doi:10.3402/
gha.v2i0

Kleerekoper, L., Van Esch, M., & Salcedo, T. B. (2012). How to make a city climate-proof, addressing the urban heat
island effect.Resources, Conservation and Recycling, 64, 30–38. doi:10.1016/j.resconrec.2011.06.004

Klemm, W., Heusinkveld, B. G., Lenzholzer, S., Jacobs, M. H., & Van Hove, B. (2015). Psychological and physical
impact of urban green spaces on outdoor thermal comfort during summertime in The Netherlands.Building and
Environment, 83, 120–128. doi:10.1016/j.buildenv.2014.05.013

Knoop, J. H. (1753). Beschouwende en Werkdadige Hovenier-Konst of inleiding tot de waare oefening der planten.
Leeuwarden: A. Ferwerda.

Knoop, J. H. (1790). Beschrijving van plantagie-gewassen. Amsterdam & Dordrecht: Allart, Holtrop, de Leeuw en Krap.
Kolokotroni, M., Giannitsaris, I., & Watkins, R. (2006). The effect of the London urban heat island on building sum-

mer cooling demand and night ventilation strategies.Solar Energy, 80(4), 383–392. doi:10.1016/j.solener.2005.03.
010

Kottek, M., Grieser, J., Beck, C., Rudolf, B., & Rubel, F. (2006). World map of the K€oppen-Geiger climate classification
updated. Meteorologische Zeitschrift, 15(3), 259–263. doi:10.1127/0941-2948/2006/0130

la Fargue, J. E. (1770). Het Lange Voorhout gezien vanaf de Kneuterdijk met de Kloosterkerk (l.), stadhouderlijke koets
(r.). Haags Gemeentearchief Prenten. Retrieved fromhttps://haagsgemeentearchief.nl/mediabank/beeldcollectie/
detail/d93c3c70-beec-4ca7-9af0-a0912a2a1ccf/media/8c42d6b9-c784-e60c-1b83-deec5a09a491

Lauwaet, D., De Ridder, K., Saeed, S., Brisson, E., Chatterjee, F., van Lipzig, N. P. M.,… Hooyberghs, H. (2016).
Assessing the current and future urban heat island of Brussels.Urban Climate, 15, 1–15. doi:10.1016/j.uclim.2015.
11.008

Lenzholzer, S. (2012). Research and design for thermal comfort in Dutch urban squares.Resources, Conservation and
Recycling, 64, 39–48. doi:10.1016/j.resconrec.2011.06.015

424 M. BAKX AND S. LENZHOLZER



Lenzholzer, S. (2015). Weather in the city - how design shapes the urban climate. Rotterdam: Nai 010 Uitgevers.
Maes, B. (2010). Bijzondere bomen en hun geschiedenis. In F. Moens (Ed.),Bijzondere bomen in Nederland: 250 ver-

halen (pp. 16–31). Amsterdam: Boom.
Manso, M., & Castro-Gomes, J. (2015). Green wall systems: A review of their characteristics.Renewable and

Sustainable Energy Reviews, 41, 863–871. doi:10.1016/j.rser.2014.07.203
Mazhar, N., Brown, R. D., Kenny, N., & Lenzholzer, S. (2015). Thermal comfort of outdoor spaces in Lahore, Pakistan:

Lessons for bioclimatic urban design in the context of global climate change.Landscape and Urban Planning,
138, 110–117. doi:10.1016/j.landurbplan.2015.02.007

Nguyen, A. T., Tran, Q. B., Tran, D. Q., & Reiter, S. (2011). An investigation on climate responsive design strategies of
vernacular housing in Vietnam.Building and Environment, 46(10), 2088–2106. doi:10.1016/j.buildenv.2011.04.019

Niemel€a, J., Saarela, S. R., S€oderman, T., Kopperoinen, L., Yli-Pelkonen, V., V€are, S., & Kotze, D. J. (2010). Using the
ecosystem services approach for better planning and conservation of urban green spaces: A Finland case study.
Biodiversity and Conservation, 19(11), 3225–3243. doi:10.1007/s10531-010-9888-8

Nikolopoulou, M., & Lykoudis, S. (2007). Use of outdoor spaces and microclimate in a Mediterranean urban area.
Building and Environment, 42(10), 3691–3707. doi:10.1016/j.buildenv.2006.09.008

Nikolopoulou, M., & Steemers, K. (2003). Thermal comfort and psychological adaptation as a guide for designing
urban spaces.Energy and Buildings, 35(1), 95–101. doi:10.1016/S0378-7788(02)00084-1

Nooren, M. J. (1974). De geschiedenis van heggen, houtwallen en andere omheiningen in Nederland: in samenhang
met hun functie en landschappelijke situatie. Nijmegen: Radboud University.

Park, M., Hagishima, A., Tanimoto, J., & Narita, K. I. (2012). Effect of urban vegetation on outdoor thermal environ-
ment: Field measurement at a scale model site.Building and Environment, 56, 38–46. doi:10.1016/j.buildenv.2012.
02.015

Radi�c, M., Dodig, M. B., Auer, T., Radi, M., & Brkovi, M. (2019). Green facades and living walls—a review establishing
the classification of construction types and mapping the benefits.Sustainability (Switzerland), 11(17), 1–23. doi:
10.3390/su11174579

Sadeler, J. (1560–1600). Gezicht op een kasteeltuin. Vier landschappen. Rijksstudio. Retrieved fromhttp://hdl.handle.
net/10934/RM0001.COLLECT.168718

Shashua-Bar, L., & Hoffman, M. E. (2000). Vegetation as a climatic component in the design of an urban street. An
empirical model for predicting the cooling effect of urban green areas with trees.Energy and Buildings, 31(3),
221–235. doi:10.1016/S0378-7788(99)00018-3

Stoopendaal, D. (1670–1680). Gezicht op het achterste gedeelte van de tuin met broderieparterres achter het slot te
Zeist, uit het noordoosten. Het Utrechts Archief. Retrieved from https://hetutrechtsarchief.nl/beeld/
B58C52944391587EBE0EC636009CD918

Stoopendaal, D. (1700). Gras- Parken met zyn Berceaux of groene galderyen na d’Orangerie ziende, bezuiden het
groote huis. Haags Gemeentearchief. Prenten. Retrieved fromhttps://haagsgemeentearchief.nl/mediabank/beeld-
collectie/detail/e67e410f-5423-415e-bb38-84e998d4e307/media/b41c4d79-fcbb-4c0c-b4c2-f89bf98b3a6c

Thys, J. F. (1792). Memorie of vertoog door Isfridus Thys, canonik van Tongerloo… Over het uytgeven en tot culture
brengen der vage en inculte gronden in de meyerye van‘s Hertogen-Bosch; door de vrienden der zelve bekroond ten
jaere 1788. Mechelen: Petrus-Josephus Hanicq.

Toe, D. H. C., & Kubota, T. (2015). Comparative assessment of vernacular passive cooling techniques for improving
indoor thermal comfort of modern terraced houses in hot-humid climate of Malaysia.Solar Energy, 114, 229–258.
doi:10.1016/j.solener.2015.01.035

Torita, H., & Satou, H. (2007). Relationship between shelterbelt structure and mean wind reduction.Agricultural and
Forest Meteorology, 145(3–4), 186–194. doi:10.1016/j.agrformet.2007.04.018

Tyrv€ainen, L., Pauleit, S., Seeland, K., & De Vries, S. (2005). Benefits and uses of urban forests and trees. In C.
Konijnendijk, K. Nilsson, T.B. Randrup, & J. Schipperijn (Eds.),Urban forests and trees(pp. 81–114). Berlin,
Heidelberg: Springer.

Ulpiani, G. (2019). Water mist spray for outdoor cooling: A systematic review of technologies, methods and impacts.
Applied Energy, 254(August), 113647–113647. doi:10.1016/j.apenergy.2019.113647

van der Borcht, P. (1545–1608).Hoftuin met een gezelschap aan een tafel. Tuinen der Minne. Rijksstudio. Retrieved
from http://hdl.handle.net/10934/RM0001.collect.85311

van der Groen, J. (1699). Den Nederlandtsen hovenier, zijnde het I. deel van het Vermakelijck landt-leven. Beschrijvende
alderhande princelijcke en heerlijcke lusthoven en hofsteden; en hoemen de selve, met veelderley uytnemende boo-
men, bloemen en kruyden, kan beplanten, bezaeyen. Amsterdam: G. de Groot.

van Driessche, T. (2019). Handleiding voor het beheer van hagen en houtkanten met erfgoedwaarde.Handleiding
agentschap Onroerend Erfgoed 22. Retrieved fromhttps://oar.onroerenderfgoed.be/item/5244

van Driessche, T., van den Bremt, P., & Smets, K. (2017). Handleiding voor het beheer van historische dreven en weg-
beplantingen.Handleiding agentschap Onroerend Erfgoed 14. Retrieved from Brussel:https://oar.onroerenderf-
goed.be/item/411

Vredeman de Vries, H. (1583). Hortorum viridariorumque: elegantes et multiplices formae ad architectonicae artis nor-
mam affabre delineatae. Antwerp: Theodoor Galle.

LANDSCAPE RESEARCH 425



Vredeman de Vries, H. (1635–1640). Tuin met centrale parterre omgeven door een gang van traliewerk en in het
midden een fontein. Rijksstudio. Retrieved fromhttp://hdl.handle.net/10934/RM0001.COLLECT.414192

Watanabe, S., Nagano, K., Ishii, J., & Horikoshi, T. (2014). Evaluation of outdoor thermal comfort in sunlight, building
shade, and pergola shade during summer in a humid subtropical region.Building and Environment, 82, 556–565.
doi:10.1016/j.buildenv.2014.10.002

Yazan, B. (2015). Three case study methods in education: Yin, Merriam, and Stake.The Qualitative Report, 20(2),
134–152. doi:10.46743/2160-3715/2015.2102

426 M. BAKX AND S. LENZHOLZER


	Abstract
	Introduction


