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ABSTRACT
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The Netherlands, and Delta region especially, are facing new challenge of climate change which brings about 
elevated water levels and extreme rainfalls. In its turn, this increases the risks of floods. To combat floods and 
other water issues without putting all the pressure on “hard defense” engineering structures, a new approach 
to resilience was developed. It uses the resilient potentials of natural landscape to regulate the water - to 
absorb, delay and purify, by restoring and creating new riparian natural areas along the rivers. However, eco-
logical problems of these areas are still present, and climate change poses its threat too. There is a need not 
only for protection and restoration of riparian nature areas, but also research into future climate and raising 
public awareness about the resilience and vulnerability of riparian nature. These are the goals of the thesis, 
dedicated to the design of Riparian Ecology research center. Methods of “ecological engineering” were cho-
sen to convey the message about  resilience of the riparian nature to general public, together with fulfillment 
of the important objective of providing resilience for the building itself. Vulnerability of riparian nature was 
communicated by display of special mesocosm experiments, which also served as architectural elements or-
ganizing the research space.
 
Key words: riparian nature, resilience, vulnerability, public awareness, ecological engineering in architecture, 
ecological resilience, mesocosms

RESEARCH QUESTION: “HOW CAN ARCHITECTURE PROVIDE FOR RESEARCH INTO FUTURE CLIMATE AND RAISE PUBLIC 

AWARENESS ABOUT RIPARIAN NATURE RESILIENCE AND VULNERABILITY ?”
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INTRODUCTION
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ON PREVIOUS PAGE 

PIC.1 “Resilience  in Rivier Noord”:

Left: Kinderdijk.  Mills, pumping the water out of pol-
der - an engineering innovation of 1740. Now a his-
torical monument

Right: Sophia Polder, a tidal nature area in Rivier 
Noord and an element of water 
management  

PIC.2 RIVIER NOORD ON THE MAP OF NETHERLANDS
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Rivier Noord is situated 
near Rotterdam and is 
a part of Delta, an area 
where river meets the 
sea. It is a place with a 
presence of elements, 
constituting an import-
ant part of  Netherlands 
country’s identity. The 
man made elements 
are examples of Dutch 
engineering thought, 
like defense structures 
against floods - dikes, 
dams and other types; 
or shipbuilding industry 
and ports. 

Delta  is a concentration 
of vulnerability and in-
novation. This is because 
Delta had seen many 
floods in the past , and 
people did not have a 
choice but to create a 

new ways of dealing with 
water in order to survive 
and prosper. As such, 
Kinderdijk mills system 
in Rivier Noord area 
emerged as a reaction to 
constant fight with wa-
ter level in a polder. The 
energy of windmills was 
used to   pump the water 
out. This system helped 
to keep the water level 
under  control and leave 
the possibility for agri-
cultural activities.

In contemporary times 
Netherlands and Rot-
terdam city in particular 
seemed to arrive to a 
point of “control” over 
the threat of water. 

Yet again a new chal-
lenge has arisen - cli-
mate change brings 
about effects, testing 
Dutch resilience once 

again. Research into fu-
ture climate foretells 
what to come: rise of the  
sea level, extreme rain-
falls and droughts [Ligt-
voet, W. et al., 2013].

All of this is putting 
pressure on elements 
of “hard defense” struc-
tures and pushes the 
race of strengthening 
the dikes. Is it feasible 
to keep up with climate 
change in this way?

In order to provide safe-
ty and better quality of 
life,  once again Neth-
erlands came up with a 
new group of solutions.
This new step in evolu-
tion of resilience is di-
rected towards giving 
more space for nature 
to regulate the water. 
These are different pro-
grams, organized by 

municipalities and of-
ficial boards of “giving 
room to a river” (“Ruimte 
voor de rivier”) or Delt-
anatuur  initiative create 
areas open to periodical 
flood.  

This new approach fi-
nally uses the other 
essential element of 
Delta area, its natural 
landscape, to provide 
resilience. Before a man 
made, engineered struc-
tures were the only ele-
ments, consciously used 
to protect cities.
 
This brings about proj-
ects of restoration of 
parts of natural tidal 
and riparian landscape 
as a part of the “build-
ing with nature”. The re-
stored  landscape is an 
important actor of water 
management process in 

many ways [ref]
In this way, landscape of 
tidal and riparian  nature 
was finally taken into ac-
count for providing resil-
ience for cities. 
 
However, numerous 
ecological problems of 
Delta rivers landscape  
are hindrance to the suc-
cessful implementation 
of all these plans. For 
instance, direct  negative 
impacts include agricul-
tural and industrial pol-
lution.  

The indirect negative 
effects are the result of 
human induced   cli-
mate change. According 
to the research, there 
are several potentially  
harmful effects for  nat-
ural ecosystems includ-
ing droughts , increasing 
salinity,  invasive species, 

algae bloom and lower 
quality of water in gen-
eral [Ligtvoet, W. et al., 
2013] 

Thus, the way to keep 
the resilience of nature 
as part of our own hu-
man resilience, is to fol-
low several strategies. 
These are protection of 
riparian  landscape;  res-
toration through proj-
ects;   research into fu-
ture climate; educating 
general public about 
importance of natural 
areas.  

This thesis project is 
about serving such 
agenda, an architecture 
drawing attention to the 
ecological problems of 
local river landscape in 
connection to the resil-
ience of cities and pro-
viding an interaction of 

NEW APPROACH TO 
RESILIENCE
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researchers into the fu-
ture climate and general 
public.

Therefore comes the re-
search question of this 
master thesis :

HOW CAN ARCHITECTURE 

PROVIDE FOR RESEARCH 

INTO FUTURE CLIMATE AND 

RAISE PUBLIC AWARENESS 

ABOUT RIPARIAN NATURE 

RESILIENCE AND VULNERA-

BILITY ?
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RESEARCH
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ON PREVIOUS PAGE 

PIC.2 Fragments of riparian natural areas of Rivier 
Noord. 

From left to right: Den Zaag, Sophia Polder, 
Galgeplaat
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PIC. 3 RIVIER NOORD RIPARIAN NATURE

Apart from the industri-
al heritage, extensively 
researched in the “Re-
silient Studio”, the Rivier 
Noord area possesses 
an often unnoticed layer 
of network of the nat-
ural areas, co-existing 
with agricultural, indus-
trial and urban environ-
ments. This network is 
created by water body of 
Rivier Noord and consti-
tute the Riparian nature, 
a zone between land 
and water. 

The “combined profile” 
of riparian nature zone  
includes different types 
of vegetation [pic. Ri-
parian zone vegetation]. 
These are submerged 
plants, fully covered 
with water; emergent 

plants which are rooted 
in water, but stick out in 
the air, like reed; ripari-
an bushes, forests and 
woodlands, which could 
be also directly affected 
by river water, depend-
ing on the time of day 
and year.  This “profile” 
varies greatly, depend-
ing on location, includ-
ing some vegetation 
types and excluding oth-
ers. For instance, instead 
of forest, riparian zone 
could have grasslands.

The Rivier Noord ripar-
ian landscape is char-
acteristic of what could 
be seen  in many other 
places in the Nether-
lands, and it has all the 
variety of riparian vege-
tation, described earlier. 

However, each of its nat-
ural areas has its own 

RIVIER NOORD 
RIPARIAN NATURE

distinct identity, defined 
by “nature types”, which 
roughly correspond 
with riparian vegetation 
types. Scientifically and 
more precise “nature 
types”  are specified by 
ecologists, based on hy-
drology and nutrition 
sources [Portaal Natuur 
en Landschap]. 

For instance, De Zaag 
has multiple “nature 
types” including “wet 
forest” with willow trees,  
or “marsh” with reed 
emergent vegetation. 

Sophia Polder is a part 
of “tidal nature” type. 
It could be barely de-
scribed as a “land”, 
but instead looks like 
swampy place almost 
completely covered with 
water. 

KINDERDIJK

DE ZAAG

CREZEE

POLDER

SOPHIA

POLDER

GALGEPLAAT



14 PIC.4  RIPARIAN ZONE VEGETATION

AQUATIC RIPARIAN

EMERGENT RIPARIAN BUSHES RIPARIAN FOREST/WOODLAND GRASSLANDSUBMERGED

MEAN WATER
TIDE

FLOOD/
SEASONAL

UPLAND
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PIC. 5 DIRECT AND INDIRECT NEGATIVE HUMAN 
IMPACTS

DIRECT INDIRECT Galgeplaat area, similar-
ly to De Zaag, covers the 
wide range of “nature 
types” - “wet forests” 
and “stream forests” as 
dominating types, and 
includes also marshes 
and grasslands. 

As seen from this ex-
amples, riparian ecosys-
tems are very diverse. 
They play an important 
role in ecology, by man-
aging the environment.
“Nature types” com-
prising riparian zone  
- marshes, forests and 
woodlands, grasslands 
provide water manage-
ment functions. Marshes  
are especially respon-
sible for many water 
management processes 
like absorbing, delay-
ing and purifying water 
[EcoShape].  In general, 
marshes together with 

other riparian ecosys-
tems act as a shield, 
protecting upland from 
floods and water pol-
lution [Surry Soil and 
Water Conservation Dis-
trict].

In Rivier Noord there are  
already several projects 
incorporating these re-
silient qualities of ripar-
ian nature.

One of such is Deltan-
atuur project for Crezee 
polder as part of resto-
ration of estuary nature 
and improvement of wa-
ter management. Sever-
al goals of the project 
include the use of Cre-
zee polder as a source of  
ground drinking water 
[Snel, L.C.,2008] to avoid 
shortages, and giving a 
“vrij spel” or “free game” 
for a river. It enables 

the existence of flood-
plains, and therefore im-
proves our safety [Snel, 
L.C.,2008]. Crezee polder 
is also a part of “ruimte 
voor de Rivier” program.

De Zaag project  is ded-
icated to construction of 
“natural waterways” in 
order to provide habi-
tat  for many species, 
including beavers, and 
improve water quality.

There is also an indepen-
dent proposal project 
for using a Sophia Pol-
der qualities of purifying 
water to deliver it for lo-
cal households [Oasen 
drinkwater, 2013].

It is beneficial to sup-
port and restore ripari-
an ecosystems in order 
for cities to be resilient 
towards water manage-
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ment issues. 

Nonetheless, riparian 
nature has been facing 
multiple negative im-
pacts from human activ-
ity, and Rivier noord area 
is not an exception. De-
spite the positive actions 
that are already done for 
natural areas here, nega-
tive impacts are not fully 
eliminated. 

Direct negative impacts 
here include industrial 
and agricultural pollu-
tion, presence of “hard 
defense” structures, 
that harm riparian na-
ture. Regular circulation 
of industrial transport, 
like barges, and civil 
transport, like water taxi 
contributes to the poor 
quality of water.

Level of biodiversity is 

still not in a state as it 
used to be: for instance, 
in past times  people 
used to fish salmon that 
was present here in big 
numbers, and nowadays  
went fully extinct. 

Moreover, indirect ef-
fects of negative human 
impact are imposing a 
threat. Global climate 
change has many effects 
and pushes ecosystems 
out of their balanced 
states [Ligtvoet, W. et 
al., 2013],  testing their 
resilience. These indirect 
negative effects on eco-
systems include rising 
water level which in con-
ditions of Delta could 
cause the salinity intru-
sion, pushing riparian 
ecosystems to migrate 
inland,   droughts, arrival 
of invasive species], al-
gae blooms and drop in 

quality of water in gen-
eral [Ligtvoet, W. et al., 
2013]

So, by endangering the 
riparian ecosystems, we 
put safety of the cities 
at risk too, as extra pro-
tection against rising 
water level,  floods and 
extreme rainfalls which 
will come, would be lost. 

To keep the resilience of 
living nature as a part of 
our own resilience to-
wards water problems, 
they are three ways of 
protecting the riparian 
nature, that were already 
mentioned in the intro-
duction.
 
First and most practical 
way, as  seen from the 
examples, is to launch 
restoration projects 
dedicated to eradica-

PIC. 6 RIPARIAN NATURE PROVIDES RESILIENCE FOR CITIES

RESILIENCE

VULNERABILITY
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PIC. 7 RIVIER NOORD PROBLEM SOLUTIONS

tion of the direct nega-
tive impacts of pollution 
and built environment 
and recreating the con-
ditions for biodiversity 
and healthy ecosystems. 
This is done by profes-
sionals in ecological en-
gineering, who research 
and create an individual 
solution for the natural 
area.
 
Second approach is 
to prepare for future 
threats to riparian nature 
and find out the things 
that could be done for 
minimizing negative cli-
mate change effects or 
help the riparian nature 
to adapt to these faster. 
It is a specially dedicated 
scientific research into 
future climate effects 
on riparian ecosystem. 
These kind of studies 
were and continued to 

be done [Stewart, R. I. A. 
et al., 2013].

The third way that could 
help to conserve the ri-
parian nature is to draw 
attention of general 
public to the importance 
of saving the riparian 
nature in connection to 
resilience of cities. This 
will give a more wide 
support for the research 
and execution of resto-
ration projects. 

For instance, in Rivier 
Noord, Sophia Polder 
also acts as a tourist 
spot and is moderately 
visited by people wish-
ing to see birds and 
river. People are more 
appreciating the  natural 
landscape and its value 
of otherwise fully indus-
trialized area.

In this way two solutions 
- the protection, resto-
ration and raising public   
awareness are already 
being applied for certain 
natural areas of Rivier 
Noord. 

However, the whole eco-
logical problem is not 
solved yet. Despite the 
improvement of recent 
years, direct negative 
impacts are still present 
to this day. 

Meanwhile, global cli-
mate change is some-
thing all natural areas 
still have to deal with. 

Nonetheless, no detailed 
information is now avail-
able  on exact effects of 
changing climate on ri-
parian ecosystems and 
research is still going. 
Thats why the third solu-
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MESOCOSMS AND CHANGING CLIMATE 

tion could be implied in 
Rivier Noord as part of 
work of Riparian Ecol-
ogy Research Center. It 
would conduct meso-
cosm experiments, de-
scribed in the next chap-
ter.
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MESOCOSMS AND CHANGING CLIMATE 
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Concerns about global 
climate change effects 
and interest in changes 
in ecosystems in future 
is shared among many 
researchers around the 
world. For this thesis ex-
amples of research from 
USA and several coun-
tries of Europe were 
used.

In order to take a look 
into future climate re-
searchers conduct exper-
iments in  laboratories 
and special mesocosm 
environments. Labora-
tory research offers ex-
periment conditions  of  
highly controlled envi-
ronment with the cer-
tainty of cause-effect 
links between members 
of experiment system. 

Nonetheless,  lab ex-
periments often lack 

complexity of interac-
tions within natural en-
vironment [Stewart, R. I. 
A. et al., 2013] needed 
to model the effects of 
future climate. On the 
opposite side, field re-
search do not offer an 
accurate replication of 
the experiment, as well 
as steady reference con-
ditions [Foekema, E]

Thus, mesocosm re-
search is often chosen 
as providing conditions 
in-between the field and 
laboratory experiments. 

So what is mesocosm? 
Mesocosm is smaller 
model of an ecosystem 
under controlled condi-
tions, providing relevant 
data about complex in-
teractions within [Stew-
art, R. I. A. et al., 2013]. 

Mesocosms are de-
signed by scientists ac-
cording to their research 
specifics and, thus,  of-
ten have a unique con-
figuration. They differ 
greatly in size, length 
of experiment, and in a 
degree of parameters 
controlled within exper-
iment [Stewart, R. I. A. et 
al., 2013]. 

In this way,  they can be 
completely open to at-
mospheric effects, like 
pond mesocosm from 
Wageningen University. 

They could be a just a 
plastic chamber, with el-
evated temperature and 
CO2 values, put on top of 
the plants in the natural 
environment, and thus 
creating greenhouse ef-
fect in its volume. This 
is example form SERC,  

ON PREVIOUS PAGE 

PIC. 8 Examples of mesocosm research 
types, from top left:

Open aquatic mesocosm 
(pond ecosystem, Wageningen University)

Enclosed climate chamber
(grassland ecosystem, TERA, Oregon)

Open top climate chamber (wetlands, marsh 
ecosystem, SERC, Washington D. C.)

Aquatic artificial stream mesocosm 
(FSA, Berlin)

Washington) doing re-
search for wetlands 
ecosystems, including 
marshes.

Mesocosms could also 
be in a form of enclosed 
climate chamber, with 
the control over hu-
midity, precipitation, 
hydrology, CO2 , like 
mesocosms from TERA 
research organization, 
Oregon. They posses the 
underground part, which 
allows the control the 
soil moisture through 
sensors, analyze organic 
carbon and nutrients, as 
well as temperature due 
to insulation from sur-
rounding soil.

Moreover, some me-
socosms are still put 
in laboratory environ-
ment, where it is need-
ed to have control over 
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lighting conditions, like 
in FSA research center, 
Berlin.
Mesocosms share ter-
minology according to 
the type of ecosystem 
they accommodate - 
for instance, “terrestrial” 
for upland species or 
“aquatic”, for ponds, riv-
ers and seas. 

Riparian ecosystems in-
corporate variety of “na-
ture types”, ranging from 
between terrestrial and 
the  aquatic character, 
therefore, mesocosms in 
Research center would 
also occupy this range. 

It is needed to say, that 
mesocosms are used 
not only for climate re-
search ,but also for oth-
er spheres of ecological 
studies. For instance,  
ecotoxicology to analyze 

pollution levels of cer-
tain chemicals; invasive 
species; study food webs 
and behaviors of partic-
ular species [Foekema, E]
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GALGEPLAAT AREA PROBLEMS AND THEIR SOLUTIONS
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GALGEPLAAT AREA PROBLEMS AND THEIR SOLUTIONS

ural area” with valuable 
ecological qualities.

It starts with how the 
two areas arrived to their  
“state of wilderness”, as 
both places were fairly 
recently cultivated by 
human. While Sophia 
Polder achieved its  nat-
ural state by conscious 
act of “natuurcompensa-
tie” program from  1996, 
Galgeplat became wild 
after it was simply aban-
doned in a slow process 
from fifties to the be-
ginning of a twenty first 
century.

Nowadays, Galgeplaat 
is a place of “uncertain 
status”: part of its ter-
ritory is occupied by 
small shipyard which 
was built in seventies, 
already after the time 
of the major decline of 

shipbuilding industry in 
the region. Abandoned 
barges and unclear busi-
ness activity can be seen 
here [pic. small business 
activity and barracks on 
Galgeplaat]. The small 
docks are now a hous-
es for few people living 
here, as well as dry boat 
house without official 
resolution [Gemeente 
Hendrik-Ido-Ambacht, 
2009].

From rare remarks of 
locals, Galgeplaat is re-
garded in some way as 
an area with an attrac-
tive natural features: few 
people go fishing here 
or take photos of nature, 
yet it is far from “orga-
nized appreciation” in 
general public. 

Galgeplaat deserves a 
sterling recognition as 

Galgeplaat natural area 
is a peninsula, situat-
ed near Sophia Polder, 
and separated from the 
latter only by Rietbaan 
river arm. Sophia Pol-
der is already widely 
acknowledged as an im-
portant instance of “tidal 
nature”. There are occa-
sional excursions here 
to see birds, and it was 
once visited by Dutch 
royal family. It is an ex-
ample of being proud of 
natural landscape that 
country possesses.

However, this is not the 
same situation for Gal-
geplaat - there are no 
projects of  restoration 
or wide public recogni-
tion of it as “special nat-

“UNCERTAIN 
STATUS”  OF 
GALGEPLAAT

part of river landscape 
as it possesses valuable 
ecological qualities as 
other natural areas in 
Rivier Noord. 

In present ecological 
state, Galgeplaat is a 
part of habitat corridors 
network, providing con-
nection of various pop-
ulations separated by 
human-made structures 
, and supporting biodi-
versity [Gemeente Hen-
drik-Ido-Ambacht, 2009]

Galgeplaat is a home 
for a rare endangered 
species of mushrooms, 
invertebrates and some 
plants [Natuur-Weten-
schappelijk Centrum, 
2006] It has population 
of bats and birds nesting 
places [Natuur-Weten-
schappelijk Centrum, 
2006]. Types of nature 

ON PREVIOUS PAGE 

PIC. 9 abandoned barge on Galgeplaat 
territory
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here include “stream for-
est”, “wet forest”, marsh 
and grasslands. Except 
tidal nature, these con-
stitute the essential ty-
pology that creates the 
whole Rivier Noord nat-
ural network. 

However, despite this 
ecological importance, 
Galgeplaat has already 
suffered the negative 
impacts due to its “un-
certain status”. 

In this way, shipyard was 
contributing to the pol-
lution of the ground and 
was taking away territory 
that could be otherwise 
also become wild. Peo-
ple use Galgeplaat as a 
waste place as well and 
lit fires here.

Moreover, while Sophia 
Polder is a place to pre-

serve and avoid any neg-
ative human impact, Gal-
geplaat area has been a 
subject of development 
plans of “Noordoevers 
project” throughout the 
years.  

This project, supported 
by local municipality, is 
dedicated to rebuilding 
the industrial terrain on 
the river bank between 
Galgeplaat and Ringdijk 
into housing.

Project also made pro-
visions fro the extension 
of housing develop-
ment onto natural area 
Galgeplaat and turning 
it into “urban green” 
[Municipality of Hen-
d r i k - I d o - A m b a c h t , 
2010]. From the archi-
tectural firm proposal 
plan it is seen that na-
ture types of Galgeplaat 

are severely reduced, re-
moving all marsh zones.
 
Indeed, “urban green” 
is not a wild nature, but 
meant to be a park-like 
environment dedicated 
to constant visits and 
leisure of humans.
However, in reports for 
the project, commentar-
ies of ecologists are also 
present. 
As such, there is directive 
to regulate the height of 
the housing in order to 
minimize the impacts  
on natural area [ref] Also 
North part of Galgeplaat 
is strongly advised to be 
left alone from human 
intrusion [Municipali-
ty of Hendrik-Ido-Am-
bacht, 2010] Overall , 
from these reports it is 
evident that there is no 
clear statement about 
the harmlessness of 

PIC. 10 SMALL BUSINESS AC-
TIVITY AND BARRACKS ON 
GALGEPLAAT

PIC. 11 EXAMPLES OF 
GALGEPLAAT INHABITANTS: 
WOODLARK BIRD,      TREE 
MUSHROOMS 
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housing development 
on Galgeplaat, while 
there are a few remarks 
that it is, indeed, harmful 
for living nature.

Considering the de-
scribed situation, the 
goal is to highlight the 
real status of Galgeplaat 
as a sterling natural area, 
that is in need of a pro-
tection. It has the same 
general problem as oth-
er natural areas of Rivier 
Noord - present neg-
ative impacts on their 
ecology and a threats 
from effects of changing 
climate. 

Galgeplaat is a good 
place to draw attention 
to ecological problems 
due to the fact of it be-
ing ignored as valuable 
natural area. 

In this way, Galgeplaat  
is a suitable field of cus-
tomized implementation 
of three solutions for 
Rivier Noord discussed 
in previous research sec-
tion.

Therefore, thesis project 
design - Riparian Ecol-
ogy Research Center 
would be situated on 
Galgeplaat peninsula.
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PIC. 12 MAP OF HUMAN ACTIVITY AND POLLUTION PIC. 13 DEVELOPMENT PLAN OF “NOORDOEVERS”  
ARCHITECTURAL FIRM PROPOSAL 
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PIC. 13 DEVELOPMENT PLAN OF “NOORDOEVERS”  
ARCHITECTURAL FIRM PROPOSAL 

Specific solutions for 
Galgeplaat natural area  
should derive as an ap-
plication of more gener-
al solutions, suggested 
for Rivier Noord area. 

They are: 
- protection and resto-
ration

- research into future cli-
mate and its effects on 
local ecosystems

-raising public aware-
ness about riparian na-
ture resilience and vul-
nerability, and therefore, 
about the importance of 
its protection

 First solution, protection 

and restoration  project, 
has to be planned and 
executed by profession-
als - ecologists and en-
gineers, like it was done 
in case of De Zaag or So-
phia Polder.  However, 
there are basic directives 
that could be already 
outlined in thesis re-
garding protection and 
restoration. 

Protection means cre-
ation of special sta-
tus zone, managed to 
achieve long term con-
servation [Dudley, N., 
2008]. There are various 
degrees of protection 
for natural area. Galge-
plaat do not require the 
most strict level of pro-
tection. According to 
international regulations 
possible protection cat-
egory could be “Habitat/
Species Management 

Area” which is  direct-
ed towards protection 
of certain habitats and 
species [IUCN]. This is 
true for Galgeplaat, As 
it is a habitat for few en-
dangered species. This 
protection category do 
not prohibit the contact 
with natural area, but 
promotes it in a sensible 
way. 

For Galgeplaat it means, 
that, for instance, North 
part should be com-
pletely unaccessible for 
laymen, according to 
ecology reports [ref], 
but it does not mean 
that people cannot pay a 
short visit to other parts 
of an area.

Restoration of natural 
area implies variety of 
actions  leading to “re-
covery of an ecosystem” 

SPECIFIED
SOLUTIONS

FOR 
GALGEPLAAT

SPECIFIED SOLUTIONS FOR GALGEPLAAT
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geplaat, polluted with 
shipyard activity, such 
actions would include 
remediation of the soil. 
Phyto-remediation is the 
most environmental-
ly friendly and low cost 
method. 
 
Research into future cli-
mate would be done 
by Riparian Ecology Re-
search Center in special 
mesocosm environ-
ments, that were de-
scribed in “mesocosms 
and changing climate” 
chapter. 

Raising public aware-
ness about riparian na-
ture importance could 
be achieved by several 
actions. For instance, 
promoting restricted 
eco-tourism to Galge-
plaat area, when people 
are allowed to visit only 

a certain part of Galge-
plaat under guidance. 

Then, Research Center 
building is able to take 
part in this solution by 
making experiments 
of research into future 
climate  accessible to 
public view from time 
to time. It will educate 
about vulnerabilities of 
local nature. Resilient 
qualities of riparian na-
ture should also be rep-
resented for people to 
see. This will  raise the 
public awareness about 
link between protecting 
riparian nature and re-
silience of cities towards 
the water issues.
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RESEARCH QUESTION AND ARCHITECTURAL DESIGN
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ON PREVIOUS PAGE
 
Research question key notions collage:

Research, Vulnerability and Resilience

Some thinkers charac-
terize architecture as 
inherently invasive to-
wards nature. Among ar-
chitects is Emilio Ambasz 
with his principle to  give 
back ground to nature, 
taken by architecture in 
the process of construc-
tion. For instance, his 
project of  Fufuoka Inter-
national Prefectural Hall 
in Japan, has a stepped 
roof fully turned into a 
garden - park, with small 
trees and waterfalls.

And its logical, that if 
the goal is to restore 
ecosystems in the state 
they are in wild, then the 
more is given back to 
nature, the better. Thus, 
Research Center should 
leave as much space for 
restoration/remediation 
as possible, avoiding the 
unnecessary occupation 

of the site. 

Ecology Research (re-
search into future cli-
mate in particular) is one 
of the core purposes of 
the building. It involves 
many  requirements for 
architecture, like provid-
ing proper conditions 
for experiments and cre-
ation of good working 
environment for scien-
tists. 

Raising public aware-
ness  is the second core 
purpose - the viewing 
of mesocosms exhibi-
tion; and understanding 
resilient qualities of na-
ture.  Providing spaces 
for interaction between 
laymen and researchers 
is very important for this 
objective in order to ex-
plain facts about nature 
to visitors.

Architecture have to    
take part or respond 
to  specified  solutions 
given for Galgeplaat.  It 
means the spatial trans-
lation of these solutions 
into Riparian Ecology 
Research Center build-
ing.

Firstly, status of protect-
ed area asks for creating 
a “border”, a distinction 
from urbanized environ-
ment. Research center 
building should spatially 
reflect this border, in-
forming any visitors of 
the beginning of wild 
nature zone.

Secondly, how archi-
tecture can participate 
in restoration project? 

Evidently, protection and 
restoration solution of-
fer straightforward and 
simple guidelines for 
architecture. However, 
research and the raising 
of public awareness are 
in need of much further 
specification in order to 
have enough informa-
tion to start with archi-
tectural design. Thus, 
the research question of 
thesis could be stated 
again:

HOW CAN ARCHITECTURE 

PROVIDE FOR RESEARCH 

INTO FUTURE CLIMATE AND 

RAISE PUBLIC AWARENESS 

ABOUT RIPARIAN NATURE 

RESILIENCE AND VULNERA-

BILITY ?

Program of raising  pub-
lic awareness about ri-
parian nature vulnerabil-
ity and resilience 

ARCHITECTURE 
AND GALGEPLAAT

PROBLEM SOLUTIONS
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consists of two main 
narratives, that  should 
comprise one coherent 
story. 

One narrative is about 
consequences of our 
impact on nature, the 
changing climate ef-
fects, posing challenges 
to ecosystems.  This  is 
vulnerability of ripari-
an nature, and therefore 
of us as well. It must be 
visually communicated 
by mentioned exhibition 
path around  mesocosm 
experiments. Exhibition 
will illustrate what possi-
ble climate scenarios are 
to come and promote 
more responsible atti-
tude towards the ripari-
an nature. 

However, due to meso-
cosm experiments are, 
in a first place, a part of 

the research into future 
climate, they, obvious-
ly,   serve the research-
ers and, therefore, need 
to take part in creation 
of  the  quality working 
space for them.

The other narrative is 
about showing the link 
between protection/res-
toration of natural land-
scape and our well-be-
ing and resilience. To 
achieve it by architectur-
al means, the building 
itself should somehow 
be an illustration of ri-
parian nature resilient 
qualities “in action”; it 
should communicate 
on a smaller scale of ar-
chitectural object, what 
takes place on bigger 
scale of riparian nature 
landscape. 

Here comes a question 

about if to differentiate 
between the notions of 
building own resilience 
and representation of 
riparian nature resilience 
for visitors. As since the  
research center is locat-
ed in the area with water 
issues, it must have the 
resilience on its own to 
withstand, for instance, 
changing water levels 
and abundant rainfalls. 
Moreover, challenges 
such as supply of water 
for experiments, cooling 
of equipment also re-
quire resilient solution.

Yet,  it is illogical to sep-
arate the representation 
of riparian nature resil-
ient qualities for visitors 
and functional, utilitar-
ian performance of the 
building, its approach to 
cope with named issues. 
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In this way resilient qual-
ities of riparian nature 
need to provide both 
for  functional needs of 
building and its own re-
silience, and be a visible 
part of the  story about 
riparian nature, commu-
nicated to visitors.

Together with meso-
cosm exhibition these 
are, indeed,  are very 
important guidelines for 
the architectural design. 
Nonetheless,  it still does 
not constitute the com-
plete design paradigm.

To get to full picture of 
design framework , two  
analytic steps have to be 
done.

First is the investigation 
of notion of “resilience 
in nature”, as riparian 
ecosystems are a part 

of living nature and are 
operating by the same 
fundamental principles 
as other ecosystems. The 
number of resilient qual-
ities already outlined in 
previous chapters do 
not equal to  these fun-
damental principles be-
hind “natural resilience”. 
Therefore, these princi-
ples are still in the need 
of investigation and 
translation into architec-
tural design approaches.
Moreover, the quest 
for “Resilience concept” 
manifesting itself in  ar-
chitectural design was 
the main aim of “Resil-
ient Architecture” stu-
dio, so there should be 
a special attention to its 
formulation. 

Second analytic step is 
to study the examples 
from built environment 

that incorporate design 
guidelines, presented in 
this chapter and princi-
ples investigated in the 
next chapter, dedicat-
ed to “resilience in na-
ture”. It would, finally, 
give enough material to 
transition to the design 
of Riparian Ecology Re-
search Center.
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LOOKING FOR THE NOTION OF
 “RESILIENCE IN ARCHITECTURE”
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FROM 
“RESILIENCE IN 

  NATURE” 
TO 

“ECOLOGICAL
  RESILIENCE”

So how “natural resil-
ience” is understood by 
scientists? And  how it is 
useful for engineers and 
designers?

“Natural resilience” is 
still a very unspecific no-
tion and it does not ap-
pear in official scientific 
terminology. 

It is due to “natural resil-
ience” phrase could de-
scribe anything from the 
ability of butterfly to re-
pel water droplets from 
its wings, or the ability 
of certain plants to grow 
in the cracks of  the rock 
in the conditions of nu-

trients scarcity, to the 
relentlessness  of liv-
ing nature claiming the 
space back from the en-
vironment, abandoned 
by humans.   All these 
examples have in com-
mon only the premise 
of overcoming or being 
adapted to harsh condi-
tions, but not the princi-
ples behind this adapta-
tion.

So, instead of “natural 
resilience”, the science 
of ecology, a study of 
“interaction between 
organisms and their en-
vironment” [ref], share 
concrete understanding 
of resilience – an “eco-
logical resilience”.

The term definition is as 
follows: “ecological re-
silience is the capacity 
of a system to absorb 

disturbance and reor-
ganize while undergo-
ing change so as to still 
retain essentially the 
same function, structure, 
identity, and feedbacks” 
[Holling, C.S., 1996]. “Ad-
aptation” or “adaptive 
capacity” notion is also 
included in variations of 
“ecological resilience” 
definition [Holling, C. S., 
1996]. 

From the studies dedi-
cated to the “ecological 
resilience” , it is known 
that ecosystems “ab-
sorb” the threat or dis-
turbance  in various 
ways, and one of them 
is by distribution and re-
dundancy [Ahern,2011]. 

Its not about any kind of 
redundancy, but a func-
tional one, when similar 
task or role is performed 

PIC 16. “NATURAL RESILIENCE” EXAMPLES.
Dew on hydrophobic  wings of butterfly; plants growing in vertical rock wall; nature 
taking over Priypat city, abandoned after Chernobyl catastrophe
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FROM 
“ECOLOGICAL
  RESILIENCE”

TO
“ECOLOGICAL 

ENGINEERING”

2011], multi-scale net-
works and connectivity 
[Mehaffy, Salingaros, 
2014], or tight feedback 
loops [Ahern, 2011].

Modularity parameter is 
about recombination, or 
when a part of the sys-
tem is damaged, it does 
not dangerously affect 
the rest of the ecosys-
tem [Nemec, K. T., 2013] 
so it can reorganize and 
continue its existence. It 
means some degree of 
independence between 
different parts of the 
ecosystem [Nemec, K. T., 
2013]

Throughout the years 
the definition and the-
oretical understanding 
behind “ecological re-
silience” became use-
ful not only in ecology 
science. Sociology and 

economy studies ded-
icated to functioning 
of human societies and 
market featured it in  or-
der to lay out the path 
for prospering and de-
velopment [Salt, Walker, 
2006]. 

With time  “ecological 
resilience” paradigm mi-
grated in the sphere of 
design as well. It started 
with landscape design, 
a field closest to natu-
ral environment itself. 
Named strategies of 
redundancy and tight 
feedback loops [Ahern, 
2011 ]were used in cre-
ation of  storm water 

by several species with 
different response to 
stress factors [Ahern, 
2011]. Thus, when pres-
suring condition, like 
pollution or climate 
change comes, and one 
of the species is wiped 
out, in time others take 
its place, and ecosystem 
maintains its identity.

One more strategy of 
“absorbing” the threat is 
its redirection into a util-
ity/benefit of the system. 
For instance, deep sea  
ecosystems called “black 
smokers” or hydrother-
mal vents, use extreme 
geothermal heat and 
chemicals to sustain 
themselves.

Research papers include 
also other parameters of 
“ecological resilience”, 
like modularity [Ahern, 

management and water 
retention landscapes 
[Ahern, 2011].  

At the same time,  argu-
ably the largest designed 
systems of today,  cities, 
have been contemplat-
ed in terms of “ecolog-
ical resilience”. Urban 
planning topics, inspired 
by it,  include redundan-
cy in social and econom-
ical  spheres[Salt, Walk-
er, 2006], cooperation 
between citizens as a 
reflection of networking 
and connectivity resil-
ience principle. 

The adoption of these 
strategies came partially 
as an answer to the flop 
of modernist theory of 
urban planning, which 
assigned the strict sep-
aration of functions to 
different zones of city. 

2014]. As a result, cities 
were designed as segre-
gated “machines”, where 
mixed neighborhoods 
with multiple functions , 
vital for resilient city [ref] 
could not exist properly.  

Obsession with efficien-
cy was a consequence 
of modernist era with 
its  most famous archi-
tectural slogan of Le 
Corbusier: “building is a 
machine for living”. In its 
turn, this was a reflection 
of architects fascination 
by mass industrialization 
and the progress of en-
gineering thought.

Efficiency, reliability to 
perform a certain task 
are, indeed, engineering 
objectives, and they are 
a part of “engineering 
resilience”. “Ecological 
resilience” is often com-

pared in scientific and 
design related literature 
with this kind of man-
made “engineered re-
silience” notion [Ahern,; 
Pickett et al. ,2014]. 

The point of the latter is 
to return to the one state 
of equilibrium in which it 
was before [Pickett et al, 
2014], while ecological 
resilience is about con-
tinuous change of state 
within the boundaries of   
systems identity [Holling 
C.S., 1996].

Dikes and structures of 
hard defense, preva-
lent in Netherlands, are 
an example of “engi-
neered resilience” which 
premise is to provide a 
minimal chance of mal-
function under a certain 
calamity. Thats why “en-
gineered resilience” was
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PIC 17. “ECOLOGICAL ENGINEERING” DIAGRAM

The latter is generally 
defined as “designing 
the human society with 
its natural environment 
for the benefit of both” 
[Mitsch, 1996] Obvi-
ously, living nature is 

described as fail-safe[A-
hern J., 2011].This notion 
of resilience works when 
calamity is known well, 
but is not so effective 
when threat is less pre-
dictable [Ahern J., 2011].

In Netherlands every-
thing until recent years 
was dependent on only 
on one layer of “hard 
defense”. So when a 
breach was happening, 
the  consequences were 
disastrous, such as big 
flood of 1953. In this 
way, engineered struc-
tures are calculated for 
a certain maximum level 
of stress,  or “equilibrium 
condition” exceeding 
which, they simply break 
down. 

Yet, “Ecological resil-
ience” is , in turn, relat-
ed to attitude of “Safe 

to fail” [Ahern J., 2011]. 
There is always  a room 
for change and adapta-
tion to new conditions. 
The perfect fulfillment 
of “ecological resilience” 
in  architectural design 
would be no less than 
to design a building, as 
complex in its organi-
zation and functionality 
as a living system.  Built 
environment has not 
yet reached such lev-
el of progress, though 
there are pioneers. For 
instance, Philip Beasley 
with his experimental 
installations,  like “Hy-
lozoic Ground”, trying 
to add metabolic, bodily 
functions to fully artifi-
cial structures.  

Meanwhile, the outlined 
goals of research ques-
tion are  visual represen-
tation of resilience and 

vulnerability, and pro-
viding for the research 
function of the building. 
Thus, there is no appar-
ent need in rethinking 
the whole architectur-
al paradigm by pursu-
ing the full imitation of 
“ecological resilience” in 
design, in order to prop-
erly answer the research 
question. 

Meanwhile, many ar-
chitectural designs, that 
could be seen today and 
share various “ecologi-
cal resilience” principles, 
stem from the applica-
tion of “ecological engi-
neering” solutions. 

PIC. “ECOLOGICAL ENGINEERING” EXAMPLES.
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directly integrated into 
solutions of “ecological 
engineering”.

This  definition incor-
porates a wide range of 
goals  and actions: from 
engineering of the eco-
system itself in order to 
reach conservation ob-
jectives [ref], to creation 
of a systems for a cer-
tain task, beneficial for 
human, like waste water 
treatment.

In thesis the focus of in-
terest is, clearly, on the 
examples of ecological 
engineering that are 
more close to the side of 
human user.
They include, for in-
stance,  vertical or hor-
izontal flow wetlands  
and “Living machines” 
to process waste water, 
mentioned landscape 

storm water retention 
designs, aquaponics sys-
tems, green roofs and 
walls. 
These solutions are visu-
al/spatial representation 
of living systems func-
tionality and resilient 
qualities, which is exactly 
what is needed to fulfill 
the research question 
goals.

“Ecological engineering” 
is  “situated” in between 
the “engineered resil-
ience” and “ecological 
resilience”. This is due 
to its direct integration 
of “living nature” and its 
resilience principles in 
design of the systems, 
without artificially imi-
tating or substituting it.   
From “engineering re-
silience” approach “eco-
logical engineering” got  
its clear functionality 

and efficiency, and con-
trol over process. 

Architecture started to 
use the technologies 
and approaches of “eco-
logical engineering” in 
the  wake of “green” 
building, and sustain-
ability attitude. Yet, 
“ecological engineering” 
is more than leaving the 
least impact possible 
and being environmen-
tally friendly, its about 
our resilience towards 
the changing climate.

For this thesis and its 
research question the 
notion of “resilience in 
architecture” is “eco-en-
gineering” in architec-
ture.

To summarize, studying 
the notion of “ecological 
resilience” gave several 

basic maxims to be used 
for resilient design: 

- “redundancy in order 
to distribute the threat”

- “absorb and redirect 
the threat into utility/
benefit” 

- “modularity in order to 
recombine/reorganize”

Thus, it is the time to ex-
amine the designs of the 
built environment, which 
already apply “ecolog-
ical resilience” maxims 
and “ecological engi-
neering” tools.
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These approaches in-
clude:

-”Building with nature”, 
creation and restoration 
of natural water man-
agement areas around 
the river [ref].

-Creating spaces for 
water absorption and 
storage; considering the 
scenarios where spac-
es are claimed by water 
from time to time. 

For instance, water 
squares [pic] designed 
by De Urbanisten. They 
serve as spaces for chil-
dren playing or sports 
activities in dry mo-
ments, and when flood-
ed, they become places 
to interact with water. It 
is manifestation of re-
silience maxim “absorb 
and redirect into utility/

As was outlined, applica-
tion of “ecological resil-
ience” in design started 
from the landscape de-
sign and urban planning. 

As an example of such, 
a recent “Rotterdam city 
adaptation strategy” 
solutions could be ex-
amined. 

Water issues related 
to climate change  are 
main focus of “adaptive 
strategies” in Rotterdam. 
The toolkit of adaptive 
strategies was designed 
to support and comple-
ment the “hard defense” 
structures that previous-
ly were bearing all the 
impact [De URBANIS-
TEN, 2013]. 

DESIGNED 
ENVIRONMENT 

REFERENCES STUDY 

benefit”. This is due to 
excessive water is used 
in a way to provide a 
new kind of activities,   
to entertain citizens 
and to make the space 
meaningful. 

Another example is ex-
panded canals space, 
which could be occupied 
by river in high water 
moments, like the bank 
of Westersingel.

- Next approach is ap-
plying “ecological en-
gineering” solutions in 
urban environment. For 
example, green roofs 
and walls capturing wa-
ter and redirecting it to 
storage space, water 
gardens and bioswales 
lifting the load from 
piped sewage system in 
peak moments of rain-
fall. 

Specific example of 
green roof is “polder 
roof” invention, used for 
one of the De Urbanis-
ten projects. It is also a 
reflection of “absorb and 
redirect for utility/ben-
efit” maxim. The rain-
water is gathered from 
nearby buildings and 
directed onto agricul-
tural activities of polder 
roof. The excess water 
is stored under the veg-
etation layer, and also 
discharged when need-
ed, by opening the gates 
mechanism.  In similar 
manner as previous ex-
amples, space of the 
roof is also meant for 
socializing, like having 
parties.

- Removal of the pave-
ment  where possible 
and insertion of green-
ery. Encouragement of 

citizens to keep their 
own garden on bal-
conies, backyards and 
in front of the houses, 
like in Zomerhofkwart-
ier. Such cooperation 
between population is 
example of one of the 
resilient strategies, ap-
pearing in sociology/ur-
ban planning resilience 
literature [Pickett et al., 
2014]

Overall, the described 
variety is an application 
of “functional redundan-
cy in order to distribute 
the threat” resilience 
principle - so similar wa-
ter management func-
tions like absorbing and 
storing water are distrib-
uted between diverse 
tools. 

Translated into spatial 
language of architec-

tural design, the simple 
rule is to use the built 
environment surfaces 
as much as possible for 
tackling the issue. 
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WATER & COMMUNITY 
GARDENS

(ZOMERHOFKWARTIER)

WATER SQUARES
(BENTHEMPLEIN)

UNDERGROUND
WATER STORAGES

EXPANDED CANALS
(WESTERSINGEL)

POLDER/GREEN ROOFS

PIC. DIAGRAM FUNCTIONAL REDUNDANCY OF ADAPTIVE TOOLS IN ROTTERDAM 

PIC 19. REDUNDANCY OF ADAPTIVE METHODS IN ROTTERDAM.
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“Omega center for sus-
tainable living” is the 
first example of “ecolog-
ical engineering”, used 
to participate in space 
organization.

The general “ecological 
engineering” scheme of 
the building is as fol-
lowing: first, the water, 
polluted by agricultural 
run-off, is taken  from 
nearby lake and river,  
then it is treated on site 
and through the sys-
tems in  building itself, 
used for internal facili-
ties, treated again, and 
,finally, returned to its 
source  in purified state.  

This process is all ex-
ecuted by “Eco ma-

chine” consisting of 
several steps involving 
natural ways of waste-
water treatment.   

After  from solid set-
tlement and anaerobic 
tanks wastewater enters 
the constructed wetland 
treatment cells in front 
of the building. These 
wetlands contain local 
species, which signifi-
cantly increase water 
clarity and remove odor.

After water enters the  
“indoor aerated lagoons” 
consisting of tropical 
plants , which togeth-
er with fungi, snails and 
microorganisms living in 
root system break down 
ammonia and toxins into 
harmless base elements. 
“Indoor lagoons” also 
performs functions of 
de-humidification and 

“ECO-ENGINEERING 
ARCHITECTURE”

REFERENCES

cleaning of the air.

In this way, agricultural 
pollution threat is re-
directed into creation 
of several healthy wet-
lands, that use the waste 
in water as a nutrition.

What is important for ar-
chitecture, that the “eco 
machine” is regarded as 
visually attractive asset, 
used for compliment the 
architectural organiza-
tion of space. As such, 
“aerated lagoons” are 
treated not just like a 
mere utility, but a point 
of attraction in public 
space. 
 
Next example is Pavilion 
project for MoMa exhibi-
tion,  called “Virtual wa-
ter”. It is telling the story 
of rain  water in the city. 
Architects of the project 

point out, that rainwater, 
which is a very useful re-
source, is usually treated 
as a threat, that should 
be as soon as possible 
be redirected into near-
est underground sewer. 
Therefore, the “virtual 
water” pavilion was de-
signed to capture the 
rainwater, filter and con-
serve it. 

According to  one of the 
“ecological resilience” 
maxims, rain is “ab-
sorbed” and “redirected”  
into creation of various 
“water atmospheres” for 
people to enjoy, play and 
interact with water and 
living nature elements.   
These atmospheres are 
made by “aquaponics 
pond” ,”splash pond” ,  
“living machine “ , mist 
environment, “drip rain 
puddle”, Reflecting pool 

lounge” .
“Aquaponics pond” with 
fish provide nutrients for  
“living machine”, which 
in turn, filters water for 
fish through the tidal 
wetlands. Splash pond 
contains “bio-filtered” 
water from “living ma-
chine’ . Mist environ-
ment cools visitors in 
hot summer day, while 
“drip rain puddle” cre-
ates dripping sounds 
due and after the rain.

In this way, this project 
is also an example of 
“eco-engineering” tech-
niques, like an Omega 
Center. Yet, it makes 
one step further. In this 
project “eco-engineer-
ing” is used in a more 
“architectural way” in a 
sense that geometry of 
pavilions harvesting rain 
water and the way living 

machine and ponds are 
designed, “makes” the 
space itself.

Therefore, what is im-
portant in this design 
example, that it is not 
just a  mere exhibition 
of  “ecological engineer-
ing” technologies, it is a 
space, the environment 
created by their means.

Water cycles and abili-
ty of nature to manage 
water is illustrated in vi-
sual-spatial way, so the 
ecological message is 
conveyed easily to visi-
tors.

Another Moma Pavilion 
is Andres Jaque COSMO.
It is dedicated to prob-
lem of sufficient drinking 
water, and is a working 
system of water purifi-
cation. 



42 PIC 20. OMEGA CENTER FOR SUSTAINABLE LIVING PIC 21. ACHITECTS DIAGRAMS OMEGA CENTER PRINCIPLES

RAIN HARVEST DE HUMIDIFICATION GREEN ROOF AIR PURIFICATION

“LAGOON”GEOTHERMAL ENERGY USECONSTRUCTED WETLANDPHOTOVOLTAIC PANELS



43
PIC 22.  MOMA  “VIRTUAL WATER” PAVILION

LIVING MACHINE

AQUAPONICS

SPLASH POND AEROBIC & ANAEROBIC 

REACTORS

ALGAE & WATERFALLS

VEGETATION FILTRATION

PIC 23. MOMA COSMOS PAVILION
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It incorporates the “con-
structed ecosystems” 
which are filtering  and 
purifying  3.000 gallons 
of water per day.  

Water purification pro-
cess steps are aerobic 
& anaerobic reactors,  
eliminating nitrates; wa-
ter pipe coils to “bio-
logically stabilize” water 
under UV light; algae & 
waterfall bags to respec-
tively reduce nitrogen 
and phosphorous and 
aerate the water; second 
water pipe coil; vegeta-
tion  “acrylic capsules” 
with various filtering 
conditions. 

In this way, COSMO pa-
vilion is an “eco-engi-
neering” machine, with 
technologies, re-imag-
ined by architect on the 
very “low level” of detail-

ing. Pavilion becomes a 
literal deconstruction or 
illustration of water puri-
fication process. 

Architect designed COS-
MO a way, that it could 
be modified, its parts 
could be removed and 
replaced with other 
“constructed ecosys-
tems” elements - so that 
others could also apply 
COSMO to fit their lo-
cal water purification 
needs. This could be in-
terpreted from the point 
of “modularity in order 
to recombine/reorga-
nize” resilience maxim, 
because COSMO could 
be adapted almost any-
where with its core idea 
staying the same, even 
with some parts re-
moved or replaced.

Being on the edge be-

tween architecture and 
sculpture, COSMO pa-
vilion serves as “par-
ty-artifact” , “meant to 
gather people together”, 
cooling air around in hot 
summer and attracting 
people to chill under-
neath.
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DESIGN

MAXIMS FOR DESIGN:

FUNCTIONAL REDUNDANCY IN ORDER TO DISTRIBUTE THE THREAT

ABSORB AND REDIRECT THE THREAT INTO UTILITY/BENEFIT

MODULARITY IN ORDER TO RECOMBINE/REORGANIZE

GUIDELINES TO ANSWER THE RESEARCH QUESTION:

VISUAL/SPATIAL  REPRESENTATION OF NATURE RESILIENT QUALITIES

VISUAL/SPATIAL REPRESENTATION OF NATURE VULNERABILITY

MESOCOSMS TO CREATE ARCHITECTURAL SPACE 
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PROTECTION AND RESTORATION
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Design chapter will 
start with answering the 
guidelines outlined for 
restoration and protec-
tion of the Galgeplaat 
area. They are “border” 
function of Research 
center and leaving as 
much space as possible 
for remediation of the 
site.

Thus, building should 
take a role of gate/bar-
rier, physically marking 
the border of protected 
zone of Galgeplaat. 

In this way, entrance to 
the Galgeplaat conser-
vation area is situated 
on the border of the 
city park, or “urban-
ized green” zone. Spa-
tial configuration of its 

two main axis’s create 
an “urban jest”, posi-
tioning building: “spine” 
axis perpendicular to the 
direction of the arrival,  
signifies the separation 
between “wild” and ur-
banized areas; entrance 
axis, the continuation of 
the arrival road, marks 
the former limits of the 
shipbuilding site, which 
territory was taken out 
of nature and now has 
been brought back.

Entrance axis also serves 
the ability to take a short 
look onto the remedia-
tion works on the site. 

These measures  will 
prohibit the free tres-
passing of people to 
Galgeplaat, but will give 
an opportunity to have 
a short excursion with 
the guide (including also 

the departure for those 
wishing to visit Sophia  
Polder).

Large part of research 
center  own territory is 
meant for outdoor me-
socosm experiments. 
This goes together with 
the restoration objective 
to give as much space 
as possible back to na-
ture, as outdoor meso-
cosms types used for cli-
mate research, are often 
placed within the natural 
environment.

However, in this proj-
ect, the territory  should 
be prepared to be suit-
able for outdoor me-
socosm experiments. It 
is due to river bank on 
the territory of designed 
Research Center is too 
step to place enough 
mesocosms, according 

PROTECTION
AND

RESTORATION

PIC 24. BUILDING  ORIENTATION
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to the riparian nature 
types variety. Thus, the 
bank is proposed to be 
made more sloping to 
accommodate more 
experiments, as well 
as make it more create 
more biodiversity. As the 
more sloping a bank is, 
the more riparian spe-
cies and living mass it 
will house [ref] 

Moreover, Research 
Center is intended for 
the whole Rivier Noord 
area, and riparian nature 
in Netherlands in gener-
al, so low slope is recre-
ating conditions of oth-
er riparian natural areas 
that are present in Rivier 
Noord.

PIC 25. LANDSCAPE PREPARATION
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RIPARIAN ECOLOGY RESEARCH FUNCTION
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RESEARCH SPACES 
 ORGANIZATION

Research is one of the 
two core functions of the 
building together with 
education of the visiting 
tourists. However,  time 
wise research function is 
a predominant exploita-
tion of the building, due 
to  laymen visits  are only 
by occasion. Therefore, 
utilitarian requirements 
for research should be 
fulfilled first by proper 
design. 

Building scheme acts as 
a “cross section” of ripar-
ian nature types, which 
cover the zone between 
upland and aquatic en-
vironment. Each type is 
researched in particular 
kind of mesocosm. 

Mesocosms form a spa-

PIC 26. GROUND FLOOR 

MARSH

GRASS

LAND

STREAM

FOREST

WET

FOREST
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PIC 27. EXPERIMENT TYPES DIAGRAM

top chamber , like in re-
search of SERC. They  do 
not have a control over 
hydrology and are open 
to precipitation and per-
form as “greenhouse ef-
fect” producers, creating 
the increase of tempera-
ture and CO2 . 

Despite aquatic envi-
ronemtn is not a part 
of riparian zone per se, 
submerged vegetation 
on the very edge of ri-
parian zone could still 
be part of mesocosm ex-
periment. However, the 
aquatic types of climate 
research mesocosms 
used for it are put in lake 
environment, while river 
research is underrepre-
sented [ref], due to dif-
ficulties in experiment 
control in such environ-
ment [ref]. This means 
that in Riparian Ecology 

tial grid, organizing the 
research spaces [pic. ex-
periment types diagram, 
pic. ground floor pro-
gram diagram]  

“Grassland” and “wet 
forest” nature types, ad-
jacent to upland, could 
be hosted in terrestrial 
type mesocosm, or “en-
closed climate cham-
bers” from the  example 
of TERA, described in 
“mesocosms and future 
climate” chapter. They 
are basically a green-
houses with under-
ground part, with high 
level of control over 
multiple parameters.

Intermediate zone, af-
fected by tides, is oc-
cupied by  “stream for-
est” and “marsh” nature 
type mesocosms. They 
are in a form of open 



52 PIC 28. GROUND FLOOR PROGRAM DIAGRAM

research center, scien-
tists could decide them-
selves, which kind of 
“new type” of mesocosm 
to put (for instance, cre-
ate kind of pond me-
socosms embedded in 
river bed), or not to put 
any at all. 

Central part of the build-
ing is occupied by labo-
ratories with the highest  
level of control over ex-
periments. They could 
host also special meso-
cosms with the need of 
control over lighting.

Large aquaponics tank  
at the end of Research-
center building serves 
for the breeding of salm-
on fish for the needs of 
canteen and as a tourist 
attraction. It could be 
also considered as large 
enclosed river meso-

cosm, with high level of 
control. 

“Paper research” spaces    
include  spaces which 
could host any research 
center activity without 
the need of controlled 
environment of labora-
tory - group meetings, 
and individual research 
work, like writing a pa-
per and working with 
experimental data.
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be a long term experi-
ment, but it does not go 
near the time of building 
durability. 

So what will happen to 
the building? Would 
it be vacant or demol-
ished? It is not a resilient 
design, when there is no 
possibility to exploit a 
rather expensive, large 
building after it fulfilled 
its direct purpose. 

First of all, in case of ri-
parian ecology, there is 
plenty of research other 
then the climate change 
effects,  that could be 
performed in Research 
Center. It includes ec-
otoxicolgy, or studying 
the effects of various 
chemicals on ecosys-
tems; research into food 
webs and nutrition and 
many other topics. 

Where resilience start 
to come into design 
process? Water related 
threats and problems 
meant to be answered 
from the outlined “eco-
logical engineering” 
point of view, according 
to one of the guidelines 
for design. Yet there 
are other “threats” or 
“changing conditions” 
to which building should 
have resilient answer.

The most notable and 
important to tackle from 
these “changing  con-
ditions” is the research 
itself. It is due to future 
climate investigations 
would not last more 
than a decade [ref]. Me-
socosm research could 

PIC 29. FRAME STRUCTURE GRIDRESEARCH AND
RESILIENCE
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These spaces designed 
to be neutral, flexible  
[PIC] and could be di-
vided in various ways by 
moving the lightweight 
polycarbonate walls to 
suit the change of the 
program and research.   

Moreover, the meso-
cosms themselves are 
not unchangeable struc-
tures either. Enclosed 
climate chamber meso-
cosms could be refilled 
with new plants and 
organisms, or be com-
pletely taken out and 
replaced with differ-
ent ones, fitting within 
the spatial grid of the 
building. Paper research 
spaces (land parts and 
pavilions on water), all 
designed to be “trans-
parent” to the sunlight. 
In this way they could 
also host more meso-PIC 30. “PERMANENT” AND “TEMPORARY” 

PARTS

 
Considering all of this, 
from the start Research 
center was designed ac-
cording to the “ecologi-
cal resilience” maxim of 
“modularity in order to 
recombine/reorganize”.
 
The central part with lab-
oratories and “spine vol-
ume”, is a “permanent 
block”. While laborato-
ries with standard mod-
ule space division could 
be refitted,  the concrete 
walls stay for all the life-
time of the building.

The spaces around the 
“permanent” block are 
meant to be “tempo-
rary”, in a way that they 
could be easily disman-
tled and taken away.   It 
is achieved by  timber 
frame structural grid, 
founded on piles. 

“TEMPORARY” SPACES

“PERMANENT” SPACES
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cosms

And about outdoor me-
socosms types, they are, 
obviously,  not even 
a part of the building 
structure, as they sit in 
natural environment, 
and therefore could be 
constantly modified or 
replaced by researchers 
in any moment. 

In this way, there is a 
large degree of freedom 
for Research center to 
reorganize, due to rela-
tive independence of its 
frame grid parts, their 
flexibility and “tempo-
rary” character.
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WATER USAGE 
CONCEPT

Finally, how the resil-
ience of Research Cen-
ter towards the threat of 
water is provided?

Water related issues en-
compass wide range, 
and could be grouped 
by:

- Climatic, like abundant 
rainfall and shifting wa-
ter levels. 

- Utilitarian, like supply 
of clean water for exper-
iments and laboratories, 
other needs of research-
ers, like toilets and sinks.

According to the resil-
ience maxim “absorb 
and redirect into utility/
benefit” climatic issues 
could be used to satis-

fy the utilitarian ones. 
Managing abundant 
rainfalls is achieved by 
rain water harvest, water 
treatment and storage.
These functions are per-
formed by many “re-
silience elements” of 
the building, based on 
“eco-engineering” solu-
tions.

“Spine volume” is a 
backbone of water man-
agement in Research 
Center [PIC]. It contains 
several water storages 
and is formed by two 
walls. 

Storages of the “spine 
volume” correspond to 
the main stages of wa-
ter treatment - “black 
water” from toilets, gray 
water from rain harvest 
and sinks, and cleaned 
potable water.

“GREY” WATER

CLEAN POTABLE WATER

PIC 32. WATER FILTRATION DIAGRAM
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PIC. A’-A’ SECTION THROUGH SPINE STORAGE VOLUME
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Walls, comprising the 
spine volume act as ele-
ments receiving through 
the pipes all the water, 
treated and untreated , 
and distribute it to the 
respective water storag-
es in the “spine volume”.

Elements of rain water 
harvest include: 
- “Green wall facade” of 
the spine volume. It not 
only captures, but also 
treats water , so it could 
be used after to flush the 
toilets

-”Green roof” parts over 
the laboratories block 
also perform basic water 
treatment before pass-
ing it to the spine vol-
ume storage  
- Roofs of enclosed cli-
mate chambers meso-
sosm  type, collecting 

water directly for cham-
bers to emulate rain in-
side,  and also directing  
the excessive water to 
“spine volume” walls

- “Green roof” of the 
“aquaponics hall” block, 
consisting of suspended 
vegetation pots

All these elements com-
prise the “functional re-
dundancy” , due to per-
forming a similar 

Largest water treat-
ment element is “living 
machine”, an eco-engi-
neering system,  by the 
example of Omega Cen-
ter for sustainable living 
. “Living machine” is able 
to filter the black water 
after septic tank and 
anaerobic reactor stage 
towards the final stage- 
potable water.PIC 31. DIAGRAM RAIN WATER HARVEST 
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PIC. A-A RIPARIAN RIVER BANK “IN SECTION”
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“Aquaponics hall block” 
was designed in tech-
nical detail in order 
to illustrate best the 
“eco-engineering” in ar-
chitecture.

As well, “aquaponics 
hall block” is relative-
ly independent part 
of Research center, in 
accordance with the  
“modularity” resilience 
maxim.  Its indepen-
dence is achieved by  
repetition of one of the 
general Research Cen-
ter building schemes of 
water treatment through 
constructed wetlands 
and its following stor-
age/ re-use.  This reduc-
es the stress on “spine 
volume” elements and 
“living machine”. Wa-

ter in aquaponics tank 
is continuously filtrat-
ed through construct-
ed vertical wetlands, 
consisting of local reed 
species. Vertical wet-
lands are receiving the 
nutrition from fish waste 
products.

“Eco-engineering” ap-
proaches also provide 
thermal comfort of 
aquaponics hall block. 

During summer time 
suspended vegetation 
pots shield from direct 
sunlight. Natural ven-
tilation is achieved by 
operable windows at the 
bottom and at the top, 
so the hot air escape is 
created [PIC DIAGRAM 
VENTILATION SCHEME]. 
In this process, con-
structed wetlands help 
to cool the incoming hot 

“AQUAPONICS 
HALL” BLOCK

PIC 33. DIAGRAM VENTILATION SCHEME (SUMMER) &  WATER MANAGEMENT DIAGRAM
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PIC 34. DIAGRAM VENTILATION SCHEME (WINTER) & CLIMATE BARRIER DIAGRAM

air.
During winter time hot 
air is cooled down by 
suspended vegetation 
pots and recirculated in 
the interior.

Cold environment of 
aquaponics tank is sep-
arated by glass. Aqua-
ponics tank do not 
have any insulation due 
to conditions required 
to breed salmon fish. 
Moreover, the aquapon-
ics tank represents the 
river ecosystem, so it 
should mimic the natural 
conditions.
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PIC 35. TECHNICAL SECTION THROUGH AQUAPONICS TANK
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WORK
&

LEISURE

How to provide good 
working conditions in-
side the Research cen-
ter? The building loca-
tion in natural landscape 
and its mesocosm ex-
periments give an an-
swer. 

Large part of Research 
center space is defined 
by mesocosm grid. But 
mesocosms could also 
be the means of archi-
tectural space creation 
apart from just being 
utilitarian, experimental 
assets. In this way, each 
paper research space 

PIC 36. SECTION THROUGH GRASSLAND MESOCOSM
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PIC 37. RENDER INTERIOR LEISURE SPACES WITH MESO-

has outlook to meso-
cosms, which present 
pieces of different na-
ture types. According to 
several studies, natural 
views are shown to be 
linked with higher pro-
ductivity [ref] , and over-
all satisfaction with job 
[ref]. 
  
Moreover, multiple  
leisure spaces are or-
ganized around me-
socosms and natural 
landscape. For instance, 
in case of enclosed cli-
mate chambers,  spe-
cial  places are designed 
around to sit, relax, 
meet, and look at the 
rain harvesting process.
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[pic mesocosm leisure 
space render].

Spaces for a break or 
leisure are also present 
around outdoor meso-
cosm types. In this way, 
marsh zone with open 
top chamber meso-
cosms have an outdoor 
platforms spaces, cov-
ered with lightweight 
roof. [pic section through 
marsh mesocosms]

Paper research is con-
ducted in pavilions with 
buoyant foundation to 
be able to float in case of 
extreme event [pic], but 
fixed on the same level 
for all other times.

PIC 38. CROSS SECTION THROUGH MARSH MESOCOSMS
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PIC 39. INTERIOR PAPER RESEARCH 

Workspaces inside the 
buoyant “pavilions” 
have, like as all other 
paper research spaces, 
an outlook to nature, for 
instance reed marsh [pic 
interior pavilion work-
space]

Pavilion spaces around 
outdoor mesocosms are 
less “formal” in compari-
son with the ones around 
indoor mesocosms. It is 
due to pavilions are not 
divided inside into sep-
arate rooms, like latter,  
but have an “open of-
fice” environment.   
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PIC 40. “GREEN WALL: FACADE”  CORRIDOR 

“Green wall” corridor 
space serves the me-
socosms and paper re-
search spaces. “Green 
wall” provides better air 
quality for adjacent pa-
per research spaces. End 
of “Green wall” corridor 
leads towards the out-
door floating deck.
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PIC 41. VIEW FROM THE RIVER: FLOATING DECK AND “AQUAPONICS HALL”

“Floating deck” space is 
used both for working 
with aquatic mesocosms 
and for researchers lei-
sure. [pic] It is also a 
place to arrive by boat.
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VISITORS EXPERIENCE
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Visitors follow a devised 
path, dedicated to tell-
ing a story about ripari-
an nature resilience and 
vulnerability.

Research center visitors, 
being a layman, are the 
“target audience” to 
which the explicit visual 
design is made. 

“Spine volume” of the 
Research center serves 
as a straight route which 
leads to the entrances of 
the mesocosm exhibi-
tion platforms. 

To reach mesocosms on 
the north side, visitors 
have to pass through 
workshop spaces. Work-
shops can host various 
activities, for instance - 
“making your own me-

VISITORS ROUTE
VOID

INTERIOR

SPACES

PIC 42. FIRST FLOOR PLAN
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PIC 43. FIRST FLOOR DIAGRAM FUNCTIONAL ZONING

socosm”. Workshops 
could also house the 
exposition about local 
nature and its unique 
character. In workshops, 
tourists first meet with 
researchers, that give 
them explanations 
about the research cen-
ter and its purpose. [pic 
diagram interaction] 
While listening to re-
searcher guide, tourists 
have a glimpse of labo-
ratory work through the 
window openings.

“Spine volume” route 
also contains important 
points of interest, like 
outlook onto “living ma-
chine” and the result of 
its work - storage with 
clean water. 

After viewing the meso-
cosms , tourist arrive in 
“aquaponics hall block”. 

Here they can have meal 
at the canteen, take pho-
tos of river views and 
aquaponics system with 
salmon.
Researchers also use 
“aquaponics hall block 
“spaces to have lunch, 
relax or have a presen-
tation in auditorium hall.

In this way, first floor is 
a one continuous exhi-
bition space with alter-
ation of elements, repre-
senting the vulnerability 
of local nature, its resil-
ience, or both [pic dia-
gram] 

First floor is also could 
be described as viewing 
everything “from above“ 
,leaving the ground floor 
to be fully reserved for 
scientists. 

WORKSHOP TOILETS

MESOCOSM EXHIBITION KITCHEN

LIVING MACHINE

& WATER STORAGE 
AUDITORIUM

AQUAPONICS TANK

& REED CANTEEN



72 PIC 44. FIRST FLOOR DIAGRAM INTERACTION

VISITOR SPACES

RESEARCHERS SPACES

INTERACTION BETWEEN 

RESEARCHERS & VISITORS
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VISITORS ROUTE
RENDERS

The large enclosed cli-
mate chamber meso-
cosms, hosting wet for-
estnature type. Glass 
floor is one of the main 
tools of the design of 
all visitors spaces - me-
socosm platforms, living 
machine, water storage 
and aquaponics hall 
block are   

PIC 45. WET FOREST MESOCOSM 
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After the first wet forest 
and grasslands me-
soscms viewing, visitors 
can go up to the view-
ing platform inside the 
“spine volume”

From the platform they 

PIC 46. WET FOREST MESOCOSM 
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After the look onto first 
mesocosm groups and 
returning back into 
“spine volume”,  visitors 
encounter the view of 
“living machine”.

PIC 47. SECTION THROUGH LIVING MACHINE
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PIC 48. “LIVING MACHINE” OUTLOOK
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PIC 49. WATER TANKS IN “SPINE VOLUME”

Right after viewing  of 
the “living machine” , 
visitors walk pass the 
glass floor through 
which storages of gray 
and cleaned pot water 
are seen. 
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One more mesocosm 
exhibition group, show-
casing the reed marshes

PIC 50. SECTION THROUGH MARSH 
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PIC 51. SECTION THROUGH MARSH 
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VISITORS ROUTE
AQUAPONICS HALL

Aquaponics hall, a final 
destination for visitors 
in Research center build-
ing,   represents the di-
chotomy of resilience 
and vulnerability of local 
nature.  Aquaponics tank 
signifies the previous 
rich biodiversity of Rivi-
er Noord: salmon was in 
plenty numbers here be-
fore negative industrial 
impacts. This is vulnera-
bility of local nature. 

Resilience of local na-
ture is shown through 
the aquaponics system 
itself – aquatic river en-
vironment together with 
riparian filtrating marsh 
show balanced interde-

PIC 52. AQUAPONICS HALL RENDER
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PIC 53. AQUAPONICS HALL RENDER

pendent ecosystem, reg-
ulating all the processes 
within. 

Aquaponics system de-
constructs the function-
ing of ecosystem and 
shows them separately, 
in a similar way to COS-
MO pavilion. 

Through the glass floor 
of the “aquaponics hall”   
tourists see the pipes, 
distributing water from 
and to constructed wet-
lands, nozzles attached 
to oval beam are drip-
ping with filtrated water 
and aerate the fish tank. 

“Aquaponics hall” space  
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also allows to appre-
ciate the vastness and 
beauty of Rivier Noord 
landscape - from special 
platform place it opens 
up to the views onto 
Sophia Polder and river 
Noord itslef.
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REFLECTION
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Specific goals, stated for 
design in research chap-
ter included 

- visual representation of 
riparian nature resilience 
by the means of “eco-
logical engineering”; 

- using mesocosm ex-
periments as an archi-
tectural element, or-
ganizing the space of 
research and exhibition;

- using “ecological engi-
neering” to provide re-
silience for the Research 
Center building towards 
water issues.

From personal judg-
ment, these goals were 
achieved to satisfacto-
ry degree, if comparing 
with examples studied 
in  “looking for resilience 
notion” part. For in-

stance, the overall level 
of integration of “living  
nature” into space and 
focus on it as valuable 
resilient element had 
reached that of Omega 
Center of Sustainable 
Living with its simple 
spatial solutions.

However, design could 
have been made on a 
more detailed “low lev-
el”, like “Virtual water” 
and COSMO pavilions. 
It is achieved by diving 
deeper into “ecological 
engineering” technolo-
gies and rethinking them 
in more architectural-
ly valuable way; and by 
adding more “ecological 
resilience” principles in 
organization of space.

Nonetheless, my build-
ing  could be named as 
“ecological engineering 

machine”, possessing 
few principles of “eco-
logical resilience”.

In the end, design in a 
new era of resilience, is 
regarded as an exper-
iment [Pickett S. T.A., 
2014 ], from which pro-
fessionals learn in order 
to face the threats and 
improve on next time.
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