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ABSTRACT	
A	 critiquing	 document	 was	 completed	 by	 the	 reclaimWILD	 consultants	 and	
submitted	 to	 Aalborg	 University	 (AAU),	 Ministry	 of	 Building,	 and	 the	 Housing	
Association	to	review	green	infrastructure	concepts	and	shift	the	design	towards	a	
re-wilding	proposal,	and	a	living-design	system.	Water-sensitive	urban	designs	and	
green	 infrastructure	are	effective	 strategies	 in	management	of	 flood-water	 threats	
and	 controlling	water	 quality	 and	 quantity,	when	 a	 holistic	 approach	 to	 design	 is	
prioritized.	Ecological,	social	and	economic	benefits	and	costs	were	analyzed.	
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1.0	INTRODUCTION	
	
How	do	stakeholders	find	optimal	solutions	in	urban	planning?	How	do	inhabitants	
and	planners	 in	shared	urban	spaces	collectively	agree	on	a	design	and/or	solve	a	
specific	 problem,	 such	 as	 flood	 mitigation	 planning	 or	 ecological	 conservation?	
Planning	urban	spaces	is	one	of	the	most	involved	and	difficult	tasks	a	society	faces	
today,	especially	given	the	precarious	state	of	our	changing	global	environment.	To	
achieve	the	various	goals	of	several	stakeholders	simultaneously	requires	different	
approaches	and	versions	of	plans,	while	analysing	how	each	change	will	affect	 the	
surrounding	 environment	 both	 directly	 and	 indirectly.	 To	 date,	much	 of	 planning	
has	 been	 without	 the	 direct	 input	 of	 the	 public,	 despite	 attempts	 to	 make	 it	
democratic	and	‘liveable’	for	people.	The	importance	of	‘Smart	Cities’	is	growing,	but	
very	 few	 designs	 move	 beyond	 ‘planning	 for	 aesthetics’.	 In	 many	 ways,	 effective	
urban	 design	 thinking	 will	 require	 designers,	 architects	 and	 planners	 to	 ask-	 for	
what	purpose?	A	design,	but	for	what	end-use?	In	order	to	move	beyond	this	limited	
scope	 of	 purely	 aesthetic-design	 planning,	 designers	 will	 require	 a	 shift	 in	
conventional	thinking,	and	design	for	a	multiple	benefit	solution.	Increasingly,	in	our	
connected	society,	the	inhabitants	of	a	place	demand	spaces	to	have	not	only	social	
usability	and	 functionality	 for	 its	users,	but	also	ecosystem	services	such	as	water	
storage	and	holding	capacity	for	results-oriented	design.	The	time	has	come	to	move	
from	outdated	planning	to	living	design	systems.	

Even	to	this	day,	many	natural	system	processes	are	considered	a	major	nuisance	to	
be	eliminated	or	displaced	 in	relation	 to	construction	or	urban	expansion,	 such	as	
natural	wilderness	or	the	flow	of	water	from	overland	and	in	the	form	of	rainfall	or	
snowfall.	Land	development	aims	to	remove	these	elements	from	view,	to	start	with	
a	‘blank	canvas’	on	which	to	construct	man-made	structures.	Wild	forests	are	clear-
cut,	 taking	along	with	 it	 streams,	 rivers,	 and	watersheds	of	 all	 sizes.	They	 remove	
these	seemingly	obstruent	objects	thinking	they	serve	no	purpose,	only	to	find	that	
new	 issues	 emerge	 which	 require	 the	 reinstitution	 of	 the	 very	 same	 natural	
elements	previously	deemed	non-useful.	Cities	are	experiencing	difficulty	managing	
water	 when	 rainfall	 is	 above	 expected	 levels,	 causing	 flooding	 and	 expensive	
damage,	and	the	phenomenon	of	‘urban	heat	island	effect’	is	now	threatening	cities	
and	 its	 societies	 world-wide.	 It	 is	 now	 widely	 recognised	 that	 wild	 nature	 in	
biodiverse	clusters	provides	a	multitude	of	ecosystem	services,	including	the	cooling	
of	ambient	temperatures,	water	capture	and	storage,	filtration,	air	purification,	and	
improvement	 of	 social	 well-being,	 amongst	 others.	 Designers	 are	 also	
acknowledging	 that	 perhaps	 a	 harmonious	 approach	 to	 water	 sensitive	 urban	
design	 is	 more	 beneficial,	 enjoyable	 and	 more	 resilient	 when	 working	WITH	 the	
process	provided	by	nature,	instead	of	against	it.	

2.0	BACKGROUND	
Aalborg	 University	 (AAU)	 along	 with	 local	 Housing	 Association	 responsible	 for	
residential	area	adjacent	 to	AAU	campus,	and	Danish	Ministry	of	Buildings	all	met	
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and	cumulatively	proposed	 that	 the	redevelopment	of	 the	SØ	OG	Kanal	 (lakes	and	
canals)	 on	AAU	 campus	 take	place.	 The	 team	 subcontracted	Niras,	 a	 development	
consultation	firm	to	design	a	redevelopment	proposal.	The	proposed	plan	put	forth	
by	Niras	was	analyzed	and	 critiqued	by	 reclaimWILD	consultants	with	alternative	
solutions	suggested	in	a	redesign	proposal.	

The	 objectives	 of	 the	 redesign	 proposal	 were	multi-pronged.	 Firstly,	 the	 primary	
goal	 of	 the	 project	 was	 water	 system	 function	 and	 conservation,	 and	 control	 in	
terms	of	quality	and	quantity.	Secondly,	usability	for	the	surrounding	communities	
of	students,	resident	and	visitors	was	a	necessity	for	design	outcomes,	as	the	space	
must	be	welcoming	and	attractive	to	the	people	who	frequent	it.	Lastly,	the	aim	was	
to	 promote	 a	 project	 design	 which	 supports	 climate	 adaptation	 and	 mitigates	
potential	flooding	and/or	drought	impacts	in	the	area	for	practical	and	educational	
purposes,	 while	 keeping	 costs	 relatively	 low.	 Figure	 2.0	 illustrates	 the	 proposed	
Landscape	plan	as	put	forth	by	Niras	in	2016.	

3.0	STUDY	REGION	

Figure	1.0	AAU	location	in	Aalborg,	Denmark	

	

3.1	DANISH	AQUIFER	SYSTEMS	
AAU	campus	where	the	SØ	OG	(lakes	and	canals)	are	situated	(Figure	1.0	&	2.0)	 is	
located	 the	South	East	quadrant	of	Aalborg	city,	 in	 the	 Jutland	region	of	Denmark.	
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The	Limfjord	cuts	through	Jutland	and	recharges	the	groundwater	aquifers	(Figure	
3.0).	Although	Aalborg	is	situated	near	the	Limfjord,	below	its	surface	are	aquifers	
considered	 both	 ‘particularly	 valuable’	 and	 ‘less	 valuable’	 making	 them	 more	 ‘at	
risk’	of	drying	up	with	time	and	increasing	changes	in	climate	(Thomsen	et	al,	2004).	

Water	 from	 the	 city	 of	 Alborg	 flows	 and	 discharges	 to	 the	 North	 toward	 the	
Limfjord.	The	 lakes	and	canals	run	 from	North	 to	South	with	South	West	 lake	and	
rain	basin,	and	Northern	most	lake	meadow	all	flow	North	toward	the	fjord	through	
ground	water	aquifers.	Only	the	East-West	corridor	directly	adjacent	to	the	South-
West	 lake	 flows	 towards	 and	 feeds	 into	 the	 North-South	 canal		
(5.0	CONSULTANT	PROPOSED	DEVELOPMENT	&	Figure	9.0).	

	

3.2	SØ	OG	(LAKES	AND	CANALS)	
Built	 in	 the	 1970s,	 the	 SØ	OG	 (lakes	 and	 canals)	 are	 constructed	 of	 impermeable	
concrete	 and	 steel	material	with	 storm	water	 channels	 for	 connectivity.	 It	 has	 no	
active	 pumping	 system,	 causing	 water	 stagnation	 and	 very	 little	 flow,	 with	 little	
natural	greenery	 in	 the	riparian	and	marginal	regions	of	 the	stream,	resulting	 in	a	
buildup	of	algae	and	rubbish,	and	not	used	a	great	deal	by	visitors.	It	also	does	not	
allow	 natural	 ground	 water	 recharge	 due	 to	 impermeable	 substrates,	 and	 the	
quality	 of	water	 is	 low	 due	 to	 the	 lack	 of	 biodiverse	 natural	 species	 of	 plants,	 or	
aquatic	grasses	and	shrubs	along	the	streambed	and	adjacent	areas	allowing	little	in	
terms	of	natural	filtration	or	vertical	infiltration	towards	the	underground	aquifers.	
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Figure	2.0	AAU	Landscape	Plan	as	designed	by	Niras	Consultants,	2016	
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Figure	3.0	Denmark	Groundwater	Classification	Map	(Thomsen	et.	al,	2004)	

	

As	 certain	 groundwater	 aquifer	 regions	 are	 considered	 ‘at	 risk’	 and	 ‘particularly	
valuable’	(3.0	STUDY	REGION),	the	water	way	should	be	regraded	and	contoured	to	
function	 as	 a	meandering	 stream	 and	 natural	 riparian	waterbody,	 infiltrating	 the	
surface	slowly	and	recharging	the	vadose	zone	below	the	surface	of	the	area.	
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Figure	4.0	AAU	South	West	Lake	

	

Most	 of	 the	 margins	 and	 subsurface	 of	 the	 lakes	 and	 canals	 are	 constructed	 of	
impermeable	 concrete	material,	 creating	a	holding	area	 for	 the	water	 instead	of	 a	
productive	and	living-design	system.	Figures	4.0-8.0	all	illustrate	the	current	state	of	
the	canal	and	lakes	and	each	problem	is	listed	below	(Figure	9.0).	

Figure	 4.0:	 AAU	 South	 West	 Lake;	 the	 concrete	 channel	 is	 not	 a	 water-sensitive	
urban	 design	 and	 provides	 no	 ecological	 feedback	 or	 ecosystem	 services	 to	 the	
water	quality	or	quantity.	No	purification	or	biofiltration	occurs	in	this	system.	

Figure	5.0:	AAU	North-South	Canal;	the	North-South	canal	is	overgrown	with	some	
aquatic	 reed	 species	 but	 covered	 in	 algae	 blooms	 due	 to	 standing	 water,	 and	 an	
anaerobic	(low-oxygen)	environment.	

Figure	 6.0:	 AAU	 North-South	 Canal	 Storm-water	 Pathways;	 the	 channels	 do	 not	
provide	 adequate	 flow-through	 for	 the	 water	 due	 to	 inefficient	 canal	 stormwater	
channels.	

Figure	7.0:	AAU	North-South	Canal	stagnant	water;	presence	of	poor-quality	water.	

Figure	8.0:	AAU	North-South	Canal	dry	areas;	some	areas	have	almost	no	water	and	
become	dry	ponds.	
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Figure	5.0	AAU	North-South	Canal	

	
Figure	6.0	AAU	North-South	Canal	Storm-water	Pathways	
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Figure	7.0	AAU	North-South	Canal	stagnant	water	

	

	
Figure	8.0	AAU	North-South	Canal	dry	areas	
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4.0	METHODOLOGY	
The	methodology	in	this	research	and	consulting	paper	consisted	of	a	series	of	steps	
and	 processes	 in	 order	 to	 determine	 the	most	 suitable	 solutions	 to	 the	 proposed	
plan	whilst	undertaking	the	critique.	

The	 process	 steps	 included	 first	 and	 foremost,	 a	 discussion	 with	 the	 project	
managers	at	Aalborg	University	to	discuss	the	potential	issues	that	the	design	plan	
may	 contend	with	 in	 the	 future,	 as	well	 as	 the	 plan	 aspects	 in	 terms	 of	what	 the	
group	desired;	ie:	rewilding,	water	control	and	quality	improvements.		

A	 comparison	 matrix	 of	 three	 table	 matrices	 was	 completed	 to	 determine	 the	
potential	benefits	or	costs	of	the	consultant	plan	compared	to	the	redesign	proposal.	
The	three	matrices	of	social	benefits,	ecosystem	services,	and	economic	costs	as	well	
as	 benefits,	 respectively	 can	 be	 found	 in	 section	 7.0	 Comparison	 Matrix.	 A	
preliminary	 and	 brief	 calculation	 of	 economic	 costs/savings	 comparing	 the	 two	
plans	was	also	completed	(APPENDIX	&	7.0	COMPARISON	MATRIX).	

Criteria	 in	 the	 form	 of	 questions	 for	 each	 of	 the	 ecological,	 social	 and	 economic	
comparisons	 were	 produced	 (APPENDIX).	 The	 criteria	 questions	 are	 based	 on	
ecological	 principles	 and	 natural	 ecosystem	 function	 widely	 accepted	 in	 the	
scientific	community	(Ricard,	2014).	The	criteria	questions	and	responses	are	based	
on	 the	 ecological	 principles	 and	 one	 of	 three	 answers	 are	 possible-	 minimum,	
medium	 and	maximum.	 The	 responses	 are	 subjective,	 but	 on	 the	 basis	 of	 widely	
held	scientific	principles.	They	are	subject	to	discretion	and	dispute.		

The	 next	 step	 in	 the	 process	 included	 three	 spatially-focussed	 elements;	 aerial,	
surface	and	subsurface	analyses	were	chosen.	The	aerial	analysis	of	overall	plan	and	
anticipated	 future	 function	 and	 potential	 issues,	 surficial	 analyses	 for	 operational	
and	 functional	efficiency,	particularly	of	water,	as	well	as	a	sub-surface	analysis	of	
streambed,	with	vegetation	and	ground/soil	function	being	considered.	

Each	 item	 from	 spatially	 focused	 elements	 of	 the	 Niras	 design	 plan	 (5.0	
CONSULTANT	 PROPOSED	 DEVELOPMENT)	 was	 looked	 at	 and	 critiqued,	 and	 an	
alternate	solution	to	each	item	produced.	

Lastly,	social	usability	and	enjoyment	of	the	plan	was	also	analysed,	and	appropriate	
changes	 were	 made	 to	 the	 development	 of	 walking	 paths,	 tree	 and	 vegetation	
placement,	foot	bridges	and	so	on	(6.0	PROPOSED	REDESIGN).	

Ultimately,	 elements	 of	 the	 plan	 were	 assessed	 in	 terms	 of	 social,	 ecological	 and	
economic	benefits	both	short	and	long	term	(if	applicable),	and	then	an	alternative	
option	considered.		
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5.0	CONSULTANT	PROPOSED	DEVELOPMENT	

5.1	NIRAS	CONSULTANT	PLAN	&	PROJECT	TIMELINE	
The	maximum	cost	price	is	20	million	DKK	for	consultant	design	and	tender,	as	well	
as	 construction,	 with	 no	 other	 funding	 unless	 the	 project	 group	 can	 find	 it	
elsewhere.	The	Niras	design	outline	is	for	the	urban	design	including	the	East-West	
corridor	where	 the	water	 is	managed	 strictly	 and	 confined	 in	 piping	 (Figure	 9.0-	
Area	 A)	 and	 a	 blue	 and	 green	 infrastructure	 design	 for	 the	 North-South	 corridor	
where	 the	 storm	 water	 can	 be	 managed	 naturally	 and	 the	 area	 rewilded	 at	 the	
request	of	the	project	group	(Figure	9.0-	Areas	B,	C	&	D).	

	

	
Figure	9.0	AAU	Canal	and	Lake	Areas	A,	B,	C	&	D	denotation	

	

KANALEN	(EAST-WEST	CANAL)	

The	channel	from	the	Southern	lake	(Area	A)	will	remain	as	is	due	to	lack	of	funding.	
The	 project	 will	 not	 include	 any	 changes	 to	 this	 part	 unless	 funding	 is	 found	
elsewhere,	or	an	alternate	and	cheaper	option	is	decided	upon.	

BRIDGES	
An	inspection	has	documented	the	state	of	the	foot	bridges	crossing	the	North-South	
Canal	(Area	B,	C	and	D).	Two	bridges	are	considered	vulnerable	to	external	elements	
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due	 to	existing	damage,	 and	 further	 inspections	are	being	 considered.	Most	of	 the	
bridges	will	 undergo	 construction	work	 due	 to	 the	 need	 for	 a	 storm	water	 outlet	
placed	at	critical	height.	The	current	ownership	of	the	bridges,	however,	is	unclear	
therefore	the	economic	burden	has	not	yet	been	addressed.	

ÅDALEN	(UNDERGROUND	PIPE)	

It	has	been	suggested	that	a	large	ø1200	pipe	will	have	its	outlet	into	the	river	valley	
(Area	D)	as	soon	as	possible,	or	whenever	the	terrain	in	the	river	valley	allows.	It	is	
currently	estimated	that	this	discharge	point	will	be	north	of	the	intersection,	either	
by	first	“turn”	to	the	east	or	thereafter	(Area	C).	However,	costs	for	construction	of	
the	ø1200	pipe	prohibits	 the	planning	of	 this	at	present.	This	also	means	 that	 the	
previously	planned	parallel	ø400	can	be	removed	from	the	project,	since	all	storm	
water	can	be	handled	in	the	river	valley	and	the	underground	ø1200	pipe.	Existing	
outlets	will	 be	 led	 directly	 into	 the	 river	 valley	 through	 approximately	 12	 outlets	
from	 the	 surrounding	 areas	 along	 the	 entire	North-South	 canal	 (and	 river	 valley).	
Next	steps	will	be	to	investigate	these	outlets	and	if	 it	will	be	possible	to	integrate	
these	 into	the	designed	channel.	Niras	will	consider	changing	slopes	to	be	steeper,	
ie:	1:4	 in	some	sections	 to	 implement	 the	outlets	more	naturally.	The	 large	ø1200	
outlet	construction	will,	by	its	size,	become	a	visible	part	in	the	natural	canal.	NIRAS	
will	 look	 at	 the	 possibility	 of	 incorporating	 its	 visual	 expression	 into	 the	
surroundings	to	compliment	the	existing	architecture	and	pipe.	

ENGEN	
A	proposal	was	made	to	move	the	proposed	dike	closer	to	the	Housing	Association	
buildings,	 and	 cover	 the	 terrain	 difference	with	 extra	 hedge	 planting,	 to	 ensure	 a	
larger	cohesive	open	space	from	the	private	gardens	towards	the	meadow,	as	well	
as	 being	 able	 to	 reuse	 more	 earth.	 The	 Housing	 Association	 expressed	 concerns	
about	 this	 solution	 and	 ultimately	 rejected	 this	 option.	 Work	 is	 being	 continued	
based	on	the	original	solution	of	a	natural	and	water-based	system.	

BYSTRØGET	
The	hydraulics	of	the	area	have	been	reviewed,	and	the	planned	pipe	ø1200	in	size	
cannot	 be	 reduced	 in	 diameter	 as	 the	 inflow	 from	 the	 catchment	 area	 above	
requires	 this	 capacity	 if	 no	water	 is	 to	 flow	 through	 the	 canals.	 The	 pipe	will	 be	
situated	lower	underground	than	the	southern	lake	(Klingenberg)	and	a	connection	
between	 them	 is	 thus	not	physically	possible.	The	pipeline	 is	 recommended	 to	be	
placed	in	the	adjacent	road	network.	The	existing	ø400	pipe	will	be	removed	from	
the	road	area	and	thus	replaced	by	the	larger	ø1200	pipe	entirely.	With	regards	to	
the	 lake,	 the	 possibility	 of	 new	 fences/railings	 between	 lake	 and	 sidewalk	 space	
must	be	investigated	more	closely.	The	future	water	quality	in	the	lake	is	improved	
by	extending	the	residence	time	in	the	lake,	thereby	creating	favourable	conditions.	

When	the	design	and	project	are	finally	chosen,	the	project	group	will	present	it	to	
the	stakeholders	for	acceptance,	and	the	project	will	enter	phase	2.	The	next	phase	
is	public	tender,	and	during	this	time	the	project	group	and	stakeholders	will	choose	
a	 contractor	 hired	 to	 finish	 the	 project	 design,	 manage	 the	 labour	 and	 organize	
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earthmoving	 and	 construction	 over	 1-2	 years.	 The	 current	 phase	 of	 the	 project	
description	 and	 design	 must	 be	 general	 and	 with	 clear	 overall	 guidelines	 and	
description,	 so	 the	 contractor	 is	 able	 to	 comprehend	 project	 group	 design	wishes	
and	goals.	

	

5.2	CRITIQUE	
A	critique	of	Niras	 consultant	design	plan,	 and	 subsequent	 redesign	proposal	was	
completed	to	propose	a	more	progressive	and	wholistic	plan.	

The	 current	 canals	 and	 lakes	 are	 a	 poorly	 functioning,	 unproductive	 and	
unattractive	water	collection	system,	which	is	of	little	use	or	enjoyment	to	anyone.	It	
has	no	water	quality	or	quantity	control	and	no	water-balancing	system.	A	redesign	
of	the	area	 is	necessary	and	ecological,	economic	and	social	arguments	support	 its	
reasoning.	 The	 reclaimWILD	 consultants	 have	 proposed	 a	 different	 approach,	 one	
which	 is	nature-based	to	support	resiliency,	and	aims	to	not	only	provide	a	better	
solution	to	allow	for	ecosystem	services,	social	engagement	and	an	attractive	water	
feature	for	the	community,	but	also	saves	money	(6.0	PROPOSED	REDESIGN	&	7.0	
COMPARISON	MATRIX	&	APPENDIX).	

According	 to	 the	 report,	 Niras	 created	 the	 design	 based	 on	 the	 blue	 and	 green	
infrastructure	and	re-wilding	concept	 for	natural	water	management,	as	originally	
requested	by	the	AAU,	Ministry	of	Building	and	Housing	Association	project	group.	
	
The	below	points	indicate	and	attempt	to	illustrate	why	there	are	obvious	problems	
and	 contradictions	 with	 the	 proposed	 plan	 which	 do	 not	 align	 with	 the	 design	
wishes	and	requests	of	the	project	group.	

	
TERMS	OF	CRITIQUE	&	AREAS	OF	CONTENTION	
1. The	design	specification	requiring	an	underground	pipe	system	of	ø1200	and	

ø400	do	not	promote	the	natural	establishment	of	a	water	body	as	it	functions	
with	nature;	the	plan	in	fact,	only	aims	to	remove	the	water	as	a	nuisance	and	
forces	 it	 into	 an	 artificial	 and	 impermeable	 concrete	 underground	 pipe,	
essentially	 repeating	 the	 same	 problem	 of	 stagnant	 and	 unhealthy	 water	
leading	 to	unimproved	quality	 issues,	 except	below	 the	 surface.	Furthermore,	
costs	associated	with	potential	blockages	or	underground	issues	with	the	pipe	
will	 require	 astronomical	 investment	 when	 compared	 to	 a	 more	 natural	
method.	
	

2. Removing	water	 from	 the	 surface	 and	 pumping	 it	 into	 an	 underground	 pipe	
requires	 a	 great	 deal	 of	 time	 consuming	 and	 expensive	 ground	 and	 road	
disturbance	and	infrastructure,	potentially	leading	to	high	maintenance	costs	in	
the	future.	
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3. Plan	does	not	promote	the	re-wilding	benefits	requested	by	the	project	group,	
which	require	a	natural	water	recharge	flowing	through	it	to	allow	for	quality	
and	quantity	control.	The	plan	should	aim	to	mimic	nature	instead	of	ignoring	
its	function	and	processes	in	the	goals	completely.		

	
4. Any	areas	that	do	receive	surface	water	are	flat	surfaces,	made	of	impermeable	

concrete	risking	the	same	issues	as	are	currently	experienced.	Niras	claims	that	
the	future	water	quality	will	be	improved	by	extending	the	residence	time	and	
creating	 favourable	 conditions,	 but	 as	 such	 the	 construction	 of	 lake	 channels	
will	retain	pollutants	and	dissolved	solids,	not	actively	remove	them.	

	
5. The	Niras	design	plan	aims	 to	narrow	channel	of	water	 flowing	 into	 the	river	

valley	 and	 North	 lake.	 This	 proposed	 narrowing	 of	 the	 stream	 in	 N-S	 canal	
which	will	 feed	 into	 the	North	Lake	will	 almost	 certainly	become	a	 sand-trap	
and	become	blocked	almost	 immediately,	 causing	pooling	 and	 flooding	 at	 the	
connection	point;	this	will	require	regular	cleaning	and	maintenance.	

	
6. The	proposed	reed	bed	on	North	lake	along	eastern	perimeter	is	poorly	placed	

and	will	block	the	view	of	the	water	for	the	residential	housing	located	on	the	
East	side.	

	
7. Placement	of	 the	walkway	paths	has	not	been	thought	out	properly,	and	with	

time	 students	 and	 pedestrians	 will	 form	 new	 and	 more	 convenient	 paths	
despite	suggested	pathways	as	they	do	not	provide	ease	and	logic	of	movement;	
the	paths	have	not	been	planned	with	usability	in	mind.	

	
8. The	 placement	 of	 trees	 and	 natural	 vegetation	 to	 capture	 rainwater	 from	

rooftops	on	the	buildings	has	not	been	adequately	considered	nor	planned.	
	
9. The	 lake	and	rain-basin	 in	 the	South-West	and	North	 lake	 in	accordance	with	

the	plan	will	 inevitably	become	stagnant	unless	 the	water	 is	 able	 to	 flow	and	
become	oxygenated.	Having	water	connectivity	between	the	lakes	is	preferred,	
but	 not	 if	 the	 water	 is	 in	 an	 underground	 pipe	 with	 no	 connection	 point	
between	the	two.		

	
10. The	‘rekreative	arealer’	of	the	Niras	plan	design	focuses	too	much	on	concrete	

and	surface	areas	to	remove	water	from	sight,	without	considering	how	best	to	
integrate	natural	vegetation	for	water	health	and	user	benefits.	
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6.0	PROPOSED	REDESIGN	

6.1	RECLAIMWILD	CONSULTING	SOLUTIONS	
The	 proposed	 redesign	 and	 alternative	 solutions	 to	 5.0	 Consultant	 Proposed	
Development:	
	
1.	 Eliminate	 underground	 piping	 system	 entirely.	 A	 storm	 water	 channel	 may	
remain	if	already	in	place	parallel	to	the	roadway	for	overland	and	extra	flow	during	
high	 rainfall	 events.	 As	 requested	 by	 the	 project	 group,	 a	 natural	 stream	 and	 re-
wilding	 concept	 is	 constructed	 instead,	with	 a	meandering	widened	 channel	with	
aquatic	vegetation	put	in	place,	leading	to	significant	cost	savings.	Meanders	of	the	
stream	will	be	placed	a	6-10	m	intervals	with	a	bank	slope	of	1:2	or	45°	given	the	
length	 and	width	 of	 the	 current	 canal	 system.	 	 Depth	 depends	 on	 the	 subsurface	
channel.	 Overland	 flow	 will	 also	 be	 blocked	 by	 a	 berm	 (Figure	 10.0).	 This	 will	
optimize	the	flow	of	water	(ideally	to	slow	it	down	by	having	it	meander	instead	of	
flow	straight	down	a	path)	and	minimize	erosion	of	soil.	Berm	will	also	allow	extra	
filtration	 and	 prevent	 flood	waters	 from	 entering	 the	 adjacent	 sidewalks	 if	water	
levels	start	to	rise	during	extreme	precipitation	events.	

	
Figure	10.0	Slope	and	berm	contouring	concept	on	marginal	stream	edges	
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2.	 Most	 of	 the	 costs	 of	 this	 meandering	 will	 be	 earthworks	 and	 concrete	
removal/reduction	 into	 smaller	 aggregate	 sizing’s,	 and	 compaction	 and	 clay	
substrate	 construction,	 if	need	be.	Reuse	of	 this	material,	mixed	with	other	gravel	
and/or	rock	as	well	as	clay	for	a	substrate	base	is	suggested	for	two	reasons:	

	
3.1 Firstly,	the	concrete	material	is	already	on	site	and	available	for	reuse.	

Larger	pieces	of	concrete	may	be	used	for	sunspots	for	vertebrate	and	
invertebrate	animals,	as	well	as	for	stepping-stones	across	the	stream	
channel.	When	mixed	with	 gravel	 or	 clay,	 it	will	 create	 an	 excellent	
and	inexpensive	material	for	stream	contouring	purposes.		

3.2 Secondly,	 reuse	 of	 the	 concrete	 aggregate	materials	 prevents	waste,	
lowers	 carbon	 footprint	 and	 reduces	 disposal	 costs,	 not	 to	mention	
the	avoided	energy	requirement	of	producing	new	material.	

	
3.	 Recycled	 aggregate	 as	 sub-base	 for	 the	 meander	 channels	 formation	 may	 be	
mixed	 with	 ground	 and	 clay	 to	 create	 a	 viable	 channel	 material	 and	 substrate,	
however	 compaction	 will	 likely	 be	 required.	 If	 this	 option	 is	 not	 possible,	 the	
concrete	bottom	of	canal	may	be	retained,	with	only	the	sides	removed	and	crushed.	
Gabions	 (Figure	 12.0)	 may	 be	 added	 on	 top	 of	 the	 concrete	 bottom	 instead,	
eliminating	the	need	for	clay	and	compaction.	The	only	disadvantage	of	this	is	that	
water	then	is	slower	to	recharge	the	water	table.	Widening	the	channel	is	required	
because	of	sand	blockage	issues	when	water	feeds	into	the	Northern	meadow	lake.	
Pools	and	riffles	(Figure	13.0)	will	also	aid	to	remove	sediment	in	the	flowing	water,	
as	well	as	provide	micro-niche	environments	for	aquatic	macro-micro	biota.		
	
4.	 Plant	 biomass	 can	 be	 seeded	manually	 through	 surface	 incorporation	 via	 seed	
mixes	or	allowed	to	naturally	seed	with	time	once	a	primary	layer	of	vegetation	is	
established.	Naturalization	in	the	form	of	a	stop-mow	initiative	will	naturally	attract	
native	species.	This	also	contributes	to	significant	cost	savings.	The	opportunity	for	
social	engagement	is	also	present.		
	
5.	 Natural	 fencing	 and	 barrier	 using	 shrubs	 trees	 and	 plants	 will	 be	 created,	
effectively	 reducing	 costs	 further	 by	 eliminating	 the	 necessity	 of	 having	metal	 or	
wood	 fencing.	Natural	and	 living	 fencing	also	adds	benefit	of	biofiltration	of	water	
flowing	overland	into	the	stream,	and	stabilizes	bank	and	soil	preventing	erosion.	
	
6.	Bioswale	berms	will	be	constructed	along	both	sides	of	the	riparian	and	marginal	
stream	area,	on	the	inside	of	natural	fencing	(Figure	10.0	and	11.0)	
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Figure	11.0	Bioswale	Berm	and	Raingarden	Concept	(Image	from:	Jha,	A.	K.	(2010))	

	

Gabions	 are	 water	 slowing	 and	 sediment	 trapping	 mounds	 to	 create	 a	 natural	
barrier	 for	 fast	 flowing	 or	 flooding	 water	 and	 are	 one	 option	 for	 the	 stream	
substrate.	They	 can	be	easily	made	with	 stones	or	 concrete	 from	 the	 surrounding	
channel	 once	 removed,	 and	 put	 into	 chicken	 wire	 crates	 or	 simply	 stacked	 into	
mounds	or	berms	(Figure	12.0)	

	
Figure	12.0	Gabion	solution	within	stream	to	slow	water	
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Another	 option	 for	 streambed	 substrate	 is	 to	 have	 riffles	 and	 pools	 which	 create	
natural	 niche	 environments	 for	 insects,	 fish	 and	 micro-organisms	 (Figure	 13.0).	
Pools	 and	 riffles	 also	 optimize	 the	 flow	 of	 water	 and	 allow	 natural	 sediment	
transport	 and	 distribution,	 for	 water	 balance	 and	 purification,	 oxygenation	 and	
velocity	control	(Tare	et	al,	2017).	

	
	

	
	
Figure	13.0	Riffle-Pool	sequence	on	river	or	streambed	(Image:	Tare	et	al,	2017)	

	

The	lakes	and	streams	should	have	connectivity;	including	the	North-South	canal	as	
well	as	the	East-West	corridor.	To	optimize	the	flow	of	water	between	these	areas	
and	 oxygenate	 and	 filter	 as	 best	 as	 possible,	 a	 simple	 solar	 pump	 on	 both	 ends	
connected	 via	 a	 7-10	 cm	 diameter	 PVC	 plastic	 pipe	 along	 the	 stream	margin	will	
suffice	 in	 keeping	 the	 water	 from	 stagnating.	 It	 can	 be	 hidden	 from	 view	 and	
submerged	below	the	water	surface	without	the	need	to	dig	up	ground	to	cover	it.	At	
either	end	of	 the	stream	on	 the	Northern	most	and	Southern	most	ends,	 two	reed	
beds	 encircled	 with	 a	 vegetated	 berm	 will	 provide	 the	 outflow	 water	 with	 a	
filtration	 system,	 before	 being	 returned	 to	 the	 stream.	 This	 will	 create	 a	 closed	
water	 loop	system	but	will	allow	for	rain	water	and	overland	flow	to	be	managed.	
	
A	focus	on	larger	species	and	existing	trees	in	the	area	in	addition	to	re-wilding	and	
native	 tree	planting	 is	 key	 (6.1	RE-WILDING	USING	NATIVE	PLANTS).	Once	 areas	
have	 been	 identified	 (all	 along	 margins	 and	 most	 areas	 adjacent	 but	 not	 on	 the	
immediate	foot	paths)	a	stop-mow	cycle	may	begin.	Areas	that	were	formerly	mown	
can	 now	 be	 free	 to	 grow	 long	 grass.	 The	 next	 spring,	 invasive	 species	 may	 be	
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eradicated	if	need	be.	Following	this	and	when	the	method	of	invasive	eradication	is	
safe	 and	 innocuous,	 native	 seedlings	 of	 trees	 and	 shrubs	 may	 be	 planted	 at	 1	 m	
intervals	for	small	plants,	and	2-3	m	intervals	for	larger	plant	whips,	creating	a	lush	
biodiverse	‘wild’	natural	area.	

	
TERMS	OF	ALTERNATIVE	SOLUTIONS	&	JUSTIFICATION	
1.	A	re-wilding	naturalization	concept	essentially	means	that	a	biodiverse	species	of	
plants,	shrubs,	 trees	and	wildflowers,	all	native	 to	Denmark,	are	 incorporated	 into	
the	 landscape.	 This	 will	 provide	 a	 productive	 and	 living	 integral	 water	 resource	
support	system,	support	habitats	 for	 insects	and	birds,	other	animals	and	a	multi-
faceted	living-design	system	residents	and	visitors	may	enjoy.	
	
2.	In-situ	stream	and	water	management;	a	different	solution	to	water	management	
offered	 includes	 eliminating	 the	 underground	pipe,	widening	 and	meandering	 the	
channel	to	provide	a	beautiful	and	therapeutic	water	feature	for	human	enjoyment,	
natural	water	management	and	water-balancing,	and	cost-savings	due	to	removal	of	
underground	piping.	
	
3.	 Re-wilding	 is	 more	 effective	 with	 an	 immediately	 available	 watershed	 nearby;	
water	needs	the	vegetative	biodiversity	to	function	best,	and	vice	versa.	Essentially,	
water	with	no	vegetation	will	become	polluted,	 and	vegetation	with	no	water	will	
quickly	 dry	 out	 and	 die	 or	 require	 a	 high	 level	 of	 water	 frequency.	
	
4.	 Changes	 to	 tree	 and	natural	 space	 locations	 and	density	 are	 required.	This	will	
accommodate	 rainwater	 flow	 from	 the	 surrounding	 buildings,	 and	 inflow	 into	 the	
stream,	and	 the	vegetated	berm	and	naturalized	area	along	all	 channels	and	 lakes	
will	remove	rainwater	pollutants.	
	
5.	 When	 channel	 of	 canal	 is	 widened	 and	 formed	 into	 a	 natural	 meander	 bio-
mimicking	 stream	 system,	 the	 vegetation	 will	 naturally	 remove	 pollutants,	 while	
riffles	 pools,	 berms	 and	 slope	 will	 naturally	 create	 sedimentation	 settling.	
	
6.	 Reed	 bed	 should	 be	moved	 to	 the	 perimeter	 where	 water	 flow	 from	 overland	
influx	will	be	highest	for	maximum	filtration	potential.	
	
7.	 Changes	 to	 the	 proposed	 bridges	 and	 footpaths	 to	 accommodate	 human	
movement	for	ease	and	convenience,	as	well	as	enjoyment	of	the	stream.	Due	to	cost	
savings	 the	 bridges	 are	 undergoing	 minimal	 changes.	 That	 is	 unless	 the	 project	
group	 can	 find	 other	 funding.	 Changing	 foot	 path	 placement	 to	 follow	 the	 natural	
curvature	paths	people	will	inevitably	follow	is	also	important	for	design.	Trees	will	
be	 planted	 around	 these	 paths	 for	 safety	 and	 comfort,	 as	 well	 as	 ecological	
soundness	(Figure	14.0).	
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8.	 Retrofitting	 rainwater	 gutters	 to	 flow	 through	 a	 natural	 and	 dense	 vegetation	
point	and	down	a	natural	path	to	infiltrate	ground	will	slow	the	water	and	provide	
an	 additional	 level	 of	 purification.	 Increased	 porosity	 due	 to	 vegetation	will	 slow	
and	 trap	 water,	 facilitating	 vertical	 flow	 into	 the	 ground	 instead	 of	 fast	 and	
destructive	horizontal	flow.	
	
9.	 Plants	 in	 the	margins	 of	 the	 stream	will	 also	 function	 to	 remove	nitrogen	 from	
water,	 effectively	 increasing	 the	 growth	 rate	 and	 productivity	 as	 N	 is	 a	 limiting	
factor	 for	 healthy	 plants;	 removing	 nitrogen	 from	 the	 water	 will	 prevent	 algal	
blooms.	
	
10.	 It’s	 crucial	 that	 social	 groups	 via	 AAU	 and	 Housing	 Association	 engage	 in	
planting	 and/or	 stewardship.	 They	 can	 be	 involved	 in	 the	 naturalization	 and	 tree	
planting	around	the	site	and	become	educated	on	the	 importance	of	nature	 in	and	
around	their	homes	(7.0	COMPARISON	MATRIX).	
	
11.		The	Niras	claim	of	improved	future	water	quality	by	extended	residence	time	in	
the	lakes	(creating	favourable	condition)	is	 incorrect.	 In	order	to	achieve	this	goal,	
water	must	 be	 actively	 pumped	 in	 a	 cycle,	 actively	 oxygenated	 and	 filtered	 using	
dense	root	mass	and	vertical	percolation	through	plant	biomass.	The	active	system	
of	oxygenation	and	green	infrastructure	is	the	most	effective	and	best	approach	to	
water	treatment.		
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Figure	14.0	New	footpaths	proposed	for	ease	of	mobility	
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6.1	RE-WILDING	USING	NATIVE	PLANTS	
Dry	sandy	areas:	
Klit-Rose,	Rosa	pimpinellifolia	
Blød	Filt-Rose,	Rosa	villosa	
Æble-Rose,	Rosa	rubiginosa	
Blågrøn	Rose,	Rosa	dumalis	
Rubladet	Rose,	Rosa	obtusifolia	
Hunde-Rose,	Rosa	canina	
Glansbladet	Rose/Virginia	rose,	Rosa	virginiana	
Havtorn,	Hippophae	rhamnoides	
Almindelig	Gedeblad,	Lonicera	periclymenum	
Gråris/Krybende	Pil,	Salix	arenariae/Salix	
repens	
Korbær,	Rubus	caesius	
Hvidtjørn,	Crataegus	monogyna	
Slåen,	Prunus	spinosa	
Skov-æble,	Vild	Æble,	Malus	sylvestris	
Ene,	Juniperus	communis	

Stream	slopes	+	riparian	edges:	
Europæisk	engblomme,	Trollius	europaeus	
Engnellikerod,	Geum	rivale	
Almindelig	kattehale,	Lythrum	salicaria	
Strandvortemælk,	Euphorbia	palustris	
Kattehale,	Typha	spp.	

Stream	bottom:	
(Poisonous)	Bittersød	natskygge,	Solanum	dulcamara		
Djævelsbid,	Succisa	pratensis	
Europæisk	engblomme,	Trollius	europaeus	
Engstorkenæb,	Geranium	pratense	
Engkabbeleje,	Caltha	palustris	
Engnellikerod,	Geum	rivale	
Forskelligbladet	tidsel,	Cirsium	heterophyllum	
Gul	iris,	Iris	pseudacorus	
Hjortetrøst,	Eupatorium	spp.	
Almindelig	kattehale,	Lythrum	salicaria	
Almindelig	korsknap,	Glechoma	hederacea	
Prikbladet	fredløs,	Lysimachia	punctata	
Løvefod,	Alchemilla	spp.	
Liden	padderok,	Equisetum	variegatum	

Trees	and	bushes:	
Mosepors,	Myrica	gale	
Solbær,	Ribes	nigrum	
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Stikkelsbær,	Ribes	uva-crispa	var.	sativum	
Almindelig	tørst,	Rhamnus	frangula	

Lake	and	streams:	
Bukkeblad,	Menyanthes	trifoliata	
Almindelig	frøbid,	Hydrocharis	morsus-ranae	
Almindelig	kalmus,	Acorus	calamus	
Kragefod,	Potentilla	palustris	
Liden	padderok,	Equisetum	variegatum	
Lysesiv,	Juncus	effusus	
Almindelig	pilblad,	Sagittaria	sagittifolia	

	

	
Figure	15.0	Denmark	Soil	Types	according	to	the	Danish	Soil	Classification	(Madsen	

and	Jensen,	1992)	
	

All	plants	listed	above	are	approved	by	Aalborg	University,	the	Ministry	of	Building	
as	 well	 as	 Housing	 Association.	 They	 are	 native	 plants	 species	 to	 Denmark	 and	
appropriate	for	the	soil	type,	predominantly	mixtures	of	types	1-6	(coarse	sand,	fine	
sand,	 coarse	 clayey	 sand,	 fine	 clayey	 sand,	 coarse	 sandy	 clay	 and	 fine	 sandy	
clay)(Figure	 15.0).	 	 Because	most	 of	 the	 soils	 found	 in	 the	 soil	 profile	 are	 high	 in	
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clay.	Clay	soils	in	Denmark	have	high	elemental	potential	but	low	percolation	rates	
due	to	fine	particles	necessitating	the	need	for	more	spaces	for	vertical	water	flow	
created	by	root	mass	(Moberg	et	al,	1991)).	

7.0	COMPARISON	MATRIX	
Social,	 ecosystem	 and	 economic	 benefits/costs	 and	 services	 comparison	matrices	
were	 created	 to	 compare	 the	 consultant	 plan	 with	 the	 redesigned	 proposed	
landscape	concept	(Tables	1.0-3.0).	

Social	benefits	and	ecosystem	services	of	proposed	reclaimWILD	consultancy	plan	
include	 and	 are	 not	 limited	 to:	 fostering	 sense	 of	 community	 and	 responsibility,	
spiritual,	 cultural	 and	 mental	 well	 being,	 physical	 and	 mental	 welfare,	 nature	
therapy,	enjoyment,	stress	relief,	and	usability.	The	criteria	for	analysis	of	matrices	
can	be	found	in	Appendix.		

Ecological	 benefits	 and	 ecosystem	 services	 of	 proposed	 reclaimWILD	 consultancy	
plan	include	and	are	not	limited	to:	biodiversity	stimulation,	plant	health	provisions,	
pedogenesis	 (soil	 building),	 invertebrate	 and	 vertebrate	 habitat	 formation,	
pollinator	plant	habitat	creation	and	support,	pollinator	species	promotion,	carbon	
sequestration,	 ambient	 air	 cooling	 (moist	 air	 acts	 as	 an	 air	 conditioner),	
oxygenation,	 surface	 and	 ground	water	 recharge,	 climate	 change	mitigation,	 flood	
mitigation,	drought	emergency	water	supplies,	water	storage	and	holding	capacity,	
and	natural	water	purification.	

	
Table	1.0	Social	Benefits	and	Services	Comparison	Matrix	

	
Social/	User	Benefits	&	
Services	

Niras	Proposed	
Plan	

reclaimWILD	Redesigned	
Plan	

Usability	 medium	 maximum	
Enjoyment	 medium	 maximum	
Relaxation	therapy	&	
stress	relief	
	

minimal	 maximum	

Emotional,	cognitive,	creative	&	
physical	welfare	

minimal	 maximum	

Fostering	sense	of	community	 medium	 maximum	
Spiritual,	cultural	&	mental	
well-being	

medium	 maximum	
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Table	2.0	Ecosystem	Benefits	and	Services	Comparison	Matrix	

	
Ecosystem	Benefits	&	
Services	

Niras	Proposed	
Plan		

reclaimWILD	Redesigned	
Plan	

Wildlife	(including	pollinator	
species)	

minimal	 maximum	

Water	storage	&	holding	
capacity	

minimal	 maximum	

Water	filtration	 minimal	 maximum	
Pedogenesis	(soil	building)	 minimal	 maximum	
Flood	mitigation	&	climate	
adaptation	

medium	 maximum	

Biodiversity	 minimal	 maximum	
	

Carbon	sequestration	 medium	 maximum	
Plant	health	provisions	 minimal	 maximum	
Surface	water	recharge	 minimal	 maximum	
Groundwater	aquifer	recharge	 minimal	 maximum	
	

Table	3.0	Economic	Costs/Benefits	and	Services	Comparison	Matrix	
	
Economic	Benefits	&	
Services	 Niras	Proposed	Plan		

reclaimWILD	
Redesigned	Plan	

Direct	 	 	
Concrete	disposal	 high	costs	+	waste	

production	
low	costs	+	reuse	of	waste	
concrete	

Ground/earthworks	 high	costs	+	waste	soil	
production	

low	costs	+	reuse	of	soil	
assets	

Underground	piping	 very	high	costs/time	
investment	+	ground	
disturbance	

low	costs	for	contouring	&	
meander	formation	

Indirect	 	 	
Underground	piping	
maintenance	

potentially	high	+	time	
consuming	

none	

Post	flood	
cleanup/damage	

potentially	high	 none	

Mowing	grass	 high	+	frequent	 none	
Watering	of	grass	 high	+	frequent	 low	+	only	for	max	2	years	
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Table	4.0	below	and	Table	5.0	in	Appendix	assesses	the	cost	breakdown	as	proposed	
by	Niras	consultants.	The	symbol	‘!’	was	used	to	denote	the	potential	costs	saving	
areas	 if	 the	 alternate	 redesigned	 plan	 is	 implemented	 up	 to	 approximately	 8.3	
million	DKK	could	be	saved	 if	 the	piping	system	as	proposed	by	the	consultants	 is	
instead	substituted	with	a	natural	meandering	stream	system	utilizing	the	crushed	
waste	concrete	mixed	with	gravel	and	clay	as	a	subsurface.	Conservative	estimates	
show	 that	 even	 if	 the	 material	 for	 the	 stream	 cost	 up	 to	 2-3	 million	 DKK	 for	
compaction,	concrete	transport	around	the	site	and	use	for	re-contouring,	purchase	
and	 delivery	 of	 gravel/clay	 material	 on/around	 the	 site,	 manpower	 for	 the	 time	
allocated	 to	 complete	 the	 work,	 that	 would	 still	 allow	 for	 savings	 of	 almost	 3-4	
million	DKK	for	the	project,	as	disposal	costs	and	underground	disturbance	and	pipe	
installation	would	no	 longer	 be	 necessary	 and	 account	 for	 the	 highest	 costs	 of	 all	
items	in	the	economic	model.	

	
Table	4.0	Potential	cost	savings	of	redesign	plan	implementation	
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8.0	LITERATURE	REVIEW	&	REDESIGN	JUSTIFICATION	

8.1	URBAN	RESILIENCE,	REWILDING	&	FLOOD	PROOF	CITIES	
The	future	of	resilient	city	planning	involves	both	a	physical	urban	environment	and	
perceptional	 shift	 towards	 nature-based,	 green-space	 networks,	 and	 Water	
Sensitive	Urban	Design	 or	 Sustainable	Urban	Drainage	 Systems	 (WSUD/SUDS),	 or	
Green	and	Blue	Infrastructure	(GI,BI),	respectively	(ACT,	2013).	Cities	that	support	
and	 harmoniously	 use	 nature	 in	 design	 planning	 are	 known	 as	 biophilic	 cities,	
sponge	cities,	or	cities	harnessing	nature-based	solutions.	As	climate	change	impacts	
result	 in	 continually	 unpredictable	weather	 extremes,	 nature-based	 Infrastructure	
and	 resilience	 planning	 will	 be	 at	 the	 forefront	 of	 present	 and	 future	 city	 design	
execution.	Planning	for	next	generation	urban	spaces	is	progressively	utilising	GI	as	
an	 important	 element	 for	 multifunctional,	 and	 ecosystem-service	 driven	 design	
(Pearce	 et	 al.	 2002).	 The	 most	 influential	 change	 needed	 for	 climate	 change	
mitigation,	 is	 the	perceptional	 shift	 around	economic,	political	 and	 social	 views	of	
nature	 in	 urban	 landscapes	 and	 subsequently,	 active	 transition	 of	 our	 physical	
urban	 environments	 (Potschin	 et	 al.	 2014).	 Urban	 resilience	 must	 be	 applied	 in	
present	and	future	planning,	and	livable	spaces	everywhere	must	adapt	to	become	
resilient,	if	we	have	any	chance	of	resisting	the	potentially	massive	changes	that	are	
beginning	to	occur	globally.		

	

Urban	 resilience	 is	 the	 ability	 for	 a	 city	 to	 prevent	 and/or	 adapt	 to	 unexpected	
shocks	from	climate	change,	natural	disasters	or	economic	downturns	in	social	and	
landscape	 spheres.	 Adapting	 and	 responding	 to	 these	 shocks	 is	 at	 the	 core	 of	
resilience;	or	to	rebound,	as	derived	from	the	Latin	‘resiliere’	(Beatley	et	al.	2013).	
Nature-based	 spaces	 are	 those	 which	 welcome	 nature	 into	 urban	 design,	
acknowledging	 the	 power	 of	 nature	 in	 its	 ability	 for	multi-functionality	 in	 human	
lives,	 and	 to	 provide	 valuable	 work,	 known	 also	 as	 ecosystem-service	 value	
(McHarg,	1970).	Arguably,	the	conditions	towards	achieving	a	biophilic	city,	or	one	
where	BI	 and	GI	 are	part	 of	 integrated	 flood	management	planning,	 also	 cultivate	
urban	resilience.	The	two	work	 in	tandem,	when	considering	resiliency	abilities	of	
societies	 and	 landscapes,	 especially	 facing	 future	 threats	 of	 climate	 change,	
economic	 variability,	 natural	 disasters,	 and	 other	 systemic	 shocks	 (Beatley	 et	 al.	
2013).		

	

The	 transition	 towards	 biophilic	 cities	 have	 both	 direct	 and	 indirect	 avenues;	 GI	
investments,	 such	 as	 self	 growing	 green	 roofs,	 or	 drought	 tolerant	 vegetation	 in	
urban	wetland	restoration	deliver	resilience	advantages,	 such	as	heat	 island	effect	
mitigation,	 and	 floodwater	 reduction	 during	 heavy	 storm	weather	 (Dreiseitl	 et	 al.	
2015).	Costanza	et	al,	2008	have	provided	compelling	evidence	for	wetland	system	
preservation	 around	 New	 Orleans	 as	 an	 essential	 tactic	 for	 resilience	 in	 the	 long	
term,	 suggesting	 that	 hurricane	 protection	 relief	 in	 the	 billions	 annually	 may	 be	
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expected	 from	 the	 ecosystem	 services	 of	 coastal	wetlands;	 flood	water	 heights	 in	
Louisiana	 may	 reduce	 by	 up	 to	 half	 a	 meter	 with	 every	 1600	 meter	 of	 forested	
cypress	swamp	wetland.	The	key	to	this	is	of	course,	ground	permeability,	and	soil	
infiltration	potential	within	urban	settings.	Ian	McHarg,	1970	developed	‘Design	by	
Nature’	concepts	to	staunchly	promote	the	conservation	of	highly	permeable	soils	in	
cities	 wherever	 and	 whenever	 possible,	 since	 the	 ability	 for	 water	 to	 infiltrate	
ground	is	most	effective	in	controlling	runoff	and	overland	flows	(Yang	et	al.	2013;	
Andersson	 et	 al.	 2015).	 Concrete	 areas	 or	 impermeable	 surfaces	 covers	 a	 large	
proportion	of	 city	 landscapes,	providing	 limited	opportunity	 for	water	 infiltration,	
thereby	adding	to	the	problem	of	water	run	off	and	overland	flow.	

	

In	addition	to	the	green	infrastructure,	nature-based	designs	such	as	this	also	refer	
to	 any	 space	 in	 urban	 areas,	 which	 are	 converted	 or	 enhanced	 into	 a	 more	
naturalized	 one,	 most	 often	 containing	 plants	 and	 soil,	 with	 natural	 meanders	 in	
place	to	slow	the	water,	create	natural	pools	and	riffles	for	sediment	transport	and	
mimic	 river	 flow	 in	 natural	 estuarine	 environments	 (Kondolf,	 2006).	 The	
introduction	 of	 nature	 into	 urban	 areas	 is	 feasible,	 with	 the	 intent	 of	 improving	
infiltration	points,	ecosystem	service	value,	along	with	aesthetics	for	social	benefits.	
People	are	naturally	drawn	to	green	space	areas,	often	frequenting	these	areas	for	
enjoyment	and	leisure	(Wolf,	2003).	

	

Like	green	infrastructure,	blue	infrastructure	is	a	natural	construction	made	of	plant	
species	 and	permeable	 soils,	 preferably	 native	 or	 local	 to	 the	 habitat,	 to	 naturally	
filter	and	store	storm,	 rain	or	 flood	water.	 It	 effectively	 transforms	water	 systems	
from	one	where	water	 is	 viewed	as	 something	 to	be	 captured	and	 removed	 to	 an	
alternative	location	often	made	of	‘grey,	hard	surface	infrastructure’	(concrete)	to	a	
water	 sensitive	 urban	 design	 (WSUD)	 wherein	 soft	 surface	 or	 ‘permeable,	 soft	
surface	infrastructure’	are	able	to	naturally	capture,	slow	down	and	store	the	water	
for	various	uses,	ie:	aesthetics,	irrigation,	aquifer	or	surface	water	recharge	(Dobbie,	
2016).	 BI	 provides	 increased	 ground	 permeability,	 allowing	 water	 infiltration	 to	
become	 vertical,	 alleviating	 horizontal	 flows	 and	 thus,	 flood	 impacts.	 BI	 function	
hinges	on	the	presence	of	GI,	therefore	the	planning	of	both	in	tandem	results	in	an	
optimally	 functioning	 design.	 These	 areas	 work	 to	 replace	 conventional	
impermeable	 storm	water	 drains	 to	 form	water	 sensitive	 urban	 designs,	 even	 in-
situ.	BI	provides	an	effective,	ecological	and	economical	transition	for	surface	water	
management.	 By	 preventing	 storm	 or	 flood	water	 from	 requiring	 instant	 removal	
via	 impermeable	 concrete	 channels	 or	 piping	 systems	 (often	 very	 expensive	 and	
time	consuming	to	construct),	rainwater	gardens,	one	type	of	BI,	allow	it	to	slowly	
percolate	into	the	natural	soil	and	vegetation,	offering	hydration	to	the	soil	habitat,	
while	 naturally	 filtering	 it	 via	 the	 existing	 microorganisms	 and	 ground	 biota	
(Dobbie,	2016).	
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When	 used	 to	 recharge	 groundwater	 or	 subsurface	 aquifers,	 this	 WSUD	
construction	 offers	 a	 natural,	 environmentally	 sustainable	 method	 of	 conserving	
water	 resources,	 particularly	 important	 in	 drought	 conditions,	while	 providing	 an	
effective	 flood	 situation	 solution.	 When	 comparing	 increased	 root	 depths	 of	
biodiverse	 plant	 ecosystems	 with	 shallow	 root	 mono-culture	 grass	 species	 often	
used	 for	 lawns;	 significant	 permeability	 improvements	 are	 experienced	 (Hudson,	
1994).	 These	 biodiverse	 plant	 ecosystems	 also	 improve	 soil	 fertility,	 nutrient	
capacity,	and	organic	material.	Furthermore,	water	flow	capacity	increases	as	more	
organic	material	is	present	in	the	soil,	since	organic	materials	in	soils	can	hold	5-20	
times	the	water	weight	and	volume,	depending	on	type	(Hudson,	1994).	In	addition	
to	 water	 filtration	 and	 storage	 capabilities,	 GI	 and	 BI	 provide	 multi-functional	
services,	 namely,	 air	 purification	 and	 ambient	 air	 temperature	 control	 via	 heat	
absorption.	 The	 ability	 to	 absorb	 heat,	 known	 as	 albedo	 of	 plants	 and	 soils,	 are	
lower	 than	 concrete	 and	 asphalt	materials,	 necessary	 for	 urban	 areas	with	major	
heat	generation	or	high	albedo	(Newell	et	al.	2013).	

	

Toronto,	Canada	and	 the	 first	North	American	city	 to	now	mandate	 installation	of	
green	 roofs	 over	 a	 certain	 size,	 estimates	 that	 conversion	 of	 flat	 roofs	 to	 green	
rooftops	would	reduce	urban	temperatures	by	1.5	degree	Celsius	or	more	(Ryerson	
University,	2005).	The	City	of	Edmonton,	 the	municipal	government	 in	Edmonton,	
Alberta,	Canada	mandates	 that	naturalization	projects	cover	a	minimal	area	 in	 the	
metropolitan	 city,	 in	 addition	 to	 enhancing	 the	 tree	 canopy	 in	 nearly	 all	
neighbourhoods	(COE,	2016).	Chicago,	Illinois	has	recently	implemented	a	policy	to	
convert	 alleyways	 into	 Green	 ones,	 for	 flood	 mitigation	 strategies	 and	 water	
conservation	 interests	 (Newell	 et	 al.	 2013).	 In	 the	City	of	New	York,	 ’Inge’s	Big	U’	
around	eastern	Manhattan	is	a	GI	project	that	simultaneously	provides	a	flood	water	
mitigation	bank	and	a	recreational	park	for	inhabitants	(Beatley	et	al.	2013).	Mexico	
City	has	 recently	began	 constructing	widespread	vertical	 gardens	along	highways,	
with	vines	and	other	shrubby	vegetation	along	pillars,	or	concrete	areas	to	combat	
pollution	from	vehicles	(Beatley,	2016).	

	

The	collective	 influence	of	a	multitude	of	green	spaces,	with	 its	cumulative	affects,	
even	relatively	small	on	an	 individual	scale,	may	alleviate	 impacts	 just	as	much	or	
more	than	one	large	project.	This	is	particularly	effective	when	individual	areas	are	
spread	consistently	and	continuously	across	an	extensive	area	or	perimeter,	to	form	
a	so-called	‘natural	linkage’	(Critchley,	2011).	Undeniably,	areas	experiencing	more	
intense	impacts,	such	as	flood	prone	regions,	highly	impermeable	surfaces,	densely	
populated	 areas,	 or	 coastal	 zones	where	 natural	 BI	 or	GI	 infrastructure	 is	 not	 yet	
present,	should	be	prioritised.	

	

In	 Rummelsburg,	 a	 neighbourhood	 in	 Berlin,	 Germany,	 local	 governments	 are	
increasingly	convinced	 that	green	spaces,	green	roofs,	and	permeable	surfaces	are	
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effective	in	managing	surface	water.	Buildings	in	this	neighbourhood	and	others	are	
introducing	a	6-8	cm	deep	green	roofs;	water	from	the	roof	is	then	diverted	into	the	
centre	courtyard	of	the	building	complex	(Sieker,	2006).	No	conventional	piping	or	
sewer	system	is	necessary	because	the	swales	allow	runoff	moisture	to	infiltrate	the	
ground	and	the	substrate,	allowing	the	ground	to	become	saturated	and	effectively	
retaining	this	water	during	heavy	rainfall.	These	areas	have	also	been	shown	to	be	
significantly	cooler	in	higher	ambient	temperatures	due	to	evaporation.	60-70%	of	
the	ground	moisture	then	evaporates	from	these	saturation	points	and	cools	the	air,	
like	a	natural	air	conditioner	(Sieker	et	al.	2010).	

	

According	 to	 the	 Urban	 Climate	 Change	 Research	 Network	 (UCCRN)	 and	 a	 study	
done	 on	Middelfart	 Denmark	 which	 is	 located	 approximately	 200	 km	 away	 from	
Aalborg,	heavy	rainfalls	related	to	climate	change	are	expected	to	increase	over	the	
next	 50	 years,	 leading	 to	 increasingly	 worse	 flood	 conditions	 in	 this	 region,	 and	
potentially	others	in	the	vicinity	(UCCRN,	2019).		The	case	study	indicated	that	one	
of	 the	most	 effective	 strategies	 is	 to	 create	 synergistic	 solutions	with	urban	 space	
development	 in	 the	 form	 of	 rainwater	 retention	 in-situ	 and	 to	 improve	 urban	
livability.	 It	 also	 encouraged	 the	 citizens	 to	 take	 personal	 responsibility	 for	 the	
rainwater	 precipitation	 on	 their	 roofs	 and	 gardens	 by	 having	 raingardens	 and	
spaces	for	direct	ground	infiltration.	A	growing	community	of	urban	water	experts	
who	 advocate	 for	 more	 resilience	 in	 urban	 water	 management	 and	 sustainable	
urban	 drainage	 systems	 (SUDS)	 support	 this	 citizen	 accountability	 (Brown	 et	 al,	
2009).	

	

The	UN	Office	for	Disaster	Risk	Reduction	(UNDRR)	recently	published	information	
on	climate	related	disasters,	 indicating	that	over	90%	of	disasters	over	the	 last	20	
years	were	 as	 a	 result	 of	 changing	 climate	 patterns,	 and	 over	 43%	of	 those	were	
water	 and	 flood	 related	 incidences	 (UNDRR,	 2019,	 Figure	16.0).	 The	 statistics	 are	
supporting	 the	 hard	 facts	 that	 our	 ability	 to	 deal	with	 these	 climate	 related	 flood	
risks	is	increasingly	difficult	and	that	current	infrastructure	is	simply	inadequate	to	
deal	with	these	compounding	problems.	

	

Middelfart	 in	Denmark	 has	 taken	 on	 the	 challenge	 by	 creating	 an	 initiative	 called	
‘Klima-Byen’	which	has	 taken	on	a	very	active	role	 in	engaging	citizens	 in	 the	city	
and	 encouraging	 accountability,	 including	 LAR,	 the	 Local	 Drainage	 of	 Rainwater	
initiative	 for	 private	 gardens	 to	 intercept	water	 and	 prevent	 it	 from	 entering	 the	
storm	 water	 system	 by	 allowing	 these	 private	 raingardens	 to	 trap	 and	 hold	
rainwater	 (Klima-Byen,	 2015).	 This	 is	 also	 supported	 by	 the	 notion	 that	 greener	
spaces	with	blue	and	green	 infrastructure	create	social	benefits	and	healthier,	and	
more	livable	cities	(Klima-Byen,	2015	&	UCCRN,	2019).		
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Figure	16.0	Disasters	by	type	over	last	20	years	(UNDRR,	CRED	2018)	

	

The	 pilot	 project	 has	 shown	 that	many	 home	 and	 garden	 owners	 have	 agreed	 to	
introduce	SUDS	designs,	and	that	95%	of	the	roof	and	surface	water	is	percolating	
on	the	surface	where	the	rain	is	contacting,	with	only	5%	or	so	discharging	to	storm	
water	and	woody	stream	channels.		

	

Cities	must	mimic	natural	environments	and	the	retention	of	water	as	in	the	natural	
water	cycle	which	combats	heat	island	effect,	filters	water,	cools	the	air,	and	allows	
water	to	remain	where	it	lands	(in-situ)	effectively	reducing	costs	on	infrastructure	
from	 damage	 (Critchley,	 2011).	 Cities	 disrupt	 this	 natural	 cycle	 by	 limiting	 urban	
design	contruction	to	consist	predominantly	of	concrete,	and	impermeable	surfaces	
(Li	et	al.	2016).	

9.0	DISCUSSION	&	CONCLUSION	
	

Planning	 for	 resilience	uses	 biophilic	 solutions,	 nature-based	 solutions	 and	 living-
design	 systems	 as	 mitigation	 strategies	 for	 climate	 change	 consequences,	
particularly	ones	which	threaten	cities	most;	amplifying	floods	and	rising	sea	levels,	
extreme	heat	 impacts,	drought	and	unpredictable	storms.	 In	addition,	many	urban	
areas	 are	 confronted	 with	 other	 major	 global	 challenges,	 habitat	 destruction,	
migration,	 and	 fluctuations	 of	 the	 economy,	which	 affect	 urban	 growth,	 form,	 and	
function	as	well	as	human	well-being	(Elmqvist	et	al.	2013).	
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Now,	more	than	ever,	there	is	a	need	for	focused	design	technologies	that	can	work	
in	tandem	with	human	decision-making	processes,	linking	Earth	systems	knowledge	
with	the	decisions	that	must	be	made	about	its	future.	Humans	have	the	power	both	
to	destroy	the	planet	and	to	sustain	it;	thus,	tools	are	needed	which	can	predict	the	
extent	of	alteration	of	Earth	systems,	thereby	helping	us	to	be	effective	stewards	of	
the	only	planet	we	have	(Goodchild,	2010).	Urban	landscape	conditions,	structures,	
and	 processes	 resulting	 from	 urban	 development	 increasingly	 cause	 serious	
environmental	 and	 social	 problems,	 e.g,	 loss	 of	 biodiversity,	 pollution	 and	
congestion,	diseases,	 insecurity,	and	alienation	as	well	as	social	 inequality	(Sevilla-
Buitrago,	2013).	Urban	landscapes	are	characterized	by	 interrelated	effects	among	
multiple	socioeconomic	and	ecological	systems	at	different	scales	(Wissen-Hayak	et	
al.	 2016).	 Due	 to	 insufficient	 understanding	 of	 these	 spatial-temporal	 effects,	
contemporary	 urban	 developments	 in	 many	 cities	 and	 agglomerations	 result	 in	
urban	landscape	conditions	seriously	affecting	environmental	and	water	quality	and	
quantity,	 and	 ultimately	 human	 well-being.	 Urbanized	 approach	 to	 streams	 and	
channels,	 that	 is,	 impervious	 artificial	 surfaces	 change	 the	 geomorphology	 and	
hydrogeology	of	watersheds	and	hydrography	(Paul	et	al,	2001).		

	

Since	more	than	half	of	the	world’s	population	is	already	living	in	urban	areas,	there	
is	 urgent	 need	 to	 find	 ways	 for	 a	 more	 sustainable	 urban	 transformation	 (UN	
Habitat,	 2012;	 Childers	 et	 al.	 2014),	 but	 most	 importantly,	 to	 connect	 the	 causal	
impacts	of	nature-based	design	with	multi-functionality,	in	which	there	continues	to	
be	an	information	or	resistance	gap.	

	

Multi-functionality	 spans	 a	 broad	 range;	 ground	 water	 storage,	 pollutant	
sequestration,	 and	 social	 benefits,	 such	 as	 leisure	 and	 recreation	 in	 such	 natural	
areas.	For	example,	in	agricultural	landscapes,	multi-functionality	can	be	defined	as	
the	co-production	of	food,	fuel,	and	fibre	as	well	as	ecosystem	services	such	as	water	
quality,	plant	and	animal	habitat,	carbon	sequestration,	aesthetic	appeal,	and	more	
(Boody	et	al.	2005;	Jordan	et	al.	2011;	Naveh,	2001).		

	

The	minimum	requirement	 for	 effective	 flood	management	prevention	 and	 living-
design	 systems	 are	 a	 combination	 of	 relief	 channels	 to	 supplement	 established	
urban	 drainage	 systems,	 preferably	 relief	 channels	 where	 rewilding	 and	 native	
green	infrastructure	is	used	as	a	bio-filtrate	and	natural	flow	rate	buffer	to	provide	
purification	 and	 retention.	Relief	 channels	 are	 also	pertinent	due	 to	 a	 high	water-
table	 naturally	 found	 in	 the	 region.	 Such	 initiatives,	 joined	 with	 street	 greening,	
green	 roof	 initiatives	 and	 a	 proportion	 of	 permeable	 road	 surfaces	 (if	 possible)	
combat	 the	 onset	 effects	 of	 impermeable	 urban	 surfaces.	 It	 is	 the	 rapid	 runoff	 off	
over	 impervious	 surfaces	which	 leads	 to	 pluvial	 flooding	 in	 the	 event	 of	 extreme	
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precipitation	 weather	 conditions	 (Pitt,	 2008).	 In	 increasingly	 uncertain	 climatic	
events	 and	 conditions,	 it	 is	 crucial	 for	 urban	 spaces	 to	 transition	 to	 nature-based	
solutions.			
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APPENDIX	
Table	5.0	Key	Costs	Consultant	Proposed	Design	

	

	

It	costs	approximately	40-50	DKK/m3	in	earthworks	(digging	and	moving	incl.	man-
hours	and	machine	hours).	One	man-hour	equates	to	350-420	DKK.		

Maintenance	 post	 project	 completion	 is	 set	 to	 be	 around	 250,000	 DKK,	 where	
150,000	DKK	and	100,000	DKK	to	dig	out	the	lakes	every	10th	year.			

(*All	figures	exclude	Danish	Tax).	

	
	

CRITERIA	FOR	COMPARISON	MATRIX	(7.0)	

*Subjective,	 however	 criteria	 chosen	 are	 based	 on	 scientifically	 sound	 ecological	
principles	(Ricard,	M.	2014).		Justification	was	supported	from	an	ecological	point	of	
view	 given	 variables	 required	 to	 support	 the	 element	 in	 question	 based	 on	
ecologically	recognized	principles	of	function	

Minimal	=	no	or	very	little	
Medium	=	little	to	some	
Maximum	=	yes	or	high	amount	
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Criteria	Questions	for	Social	Analysis:	

1. Will	 usability	 of	 the	 area	 thrive	 or	 be	 supported	 by	 the	 design	 and	
function	of	the	space?		

2. Will	users	stop	to	admire,	enjoy	or	find	leisure	in	the	surroundings?		
3. Will	users	feel	a	sense	of	relaxation	in	the	space	of	natural	beauty?		
4. Will	 usability	 of	 the	 space	 promote	 emotional,	 cognitive	 and	 physical	

welfare?	
5. Will	the	design	and	the	engagement	of	the	space	promote	or	support	the	

fostering	and	feeling	of	community	amongst	the	users?	
6. Will	the	design	of	the	space	support	spiritual,	cultural	and	mental	well-

being	by	connecting	the	users	to	their	natural	environment?		

Criteria	Questions	for	Ecological	Analysis:	

1. Will	critical	indicator	or	keystone	species	or	pollinator	species	thrive,	be	
supported	by,	or	be	attracted	to	the	area	and	the	ecological	functions?	Is	
there	 both	 an	 active	 functioning	 hydrosphere	 and	 lithosphere	 with	
nutrient	 cycling	 to	 support	micro	 and	macro-biota?	 (Keystone	 species	
are	 those	 which	 indicate	 a	 healthy	 ecosystem	 when	 present	 and	 are	
ecozone	 dependent,	 ie:	 otters,	 mayflies,	 sea	 urchins,	 dragon	 flies,	 fish	
species,	beavers,	etc).		

2. Will	the	area	promote,	support	and	stabilize	water	balance	systems	and	
water	holding	and	storage	capacity	through	a	necessary	plant-soil-water	
continuum?	 Will	 the	 stream	 bank	 and	 channel	 have	 functioning	
ecosystem	processes	to	promote	water	balance	in	quality	and	quantity?	

3. Will	 the	 ecological	 function	 of	 the	 design	 promote	water	 filtration	 via	
plant-soil-water	continuum?	

4. Will	soil	building	(pedogenesis)	thrive,	be	supported	by,	or	be	promoted	
in	 the	 area	 and	 the	 ecological	 functions?	Will	 nutrient	 cycling	 and	 soil	
environmental	 chemistry	 be	 facilitated	 through	 the	 plant-soil-water	
continuum?		

5. Will	the	area	allow	flood	mitigation	and	climate	adaptation	during	a	high	
rainfall,	wind	or	precipitation	event?	Will	it	allow	the	water	to	be	stored	
in-situ	and	retained	by	the	porous	ground	via	vegetative	interception?	

6. Will	biodiversity	of	plant	and	animal	species	thrive,	be	supported	by,	or	
be	 attracted	 to	 the	 area	 and	 the	 ecological	 functions?	 Is	 there	 both	 an	
active	 functioning	 hydrosphere	 and	 lithosphere	 with	 nutrient	 cycling	
and	organic	matter	cycling	system	to	support	biodiverse	species?	

7. Will	ground	water	and	surface	water	recharge	thrive,	be	supported	by,	
or	 be	 promoted	 in	 the	 area	 and	 the	 ecological	 functions?	 Will	 the	
hydrosphere	and	lithosphere	act	in	tandem	to	allow	water	to	cycle	and	
balance	from	rainwater	into	surface	and	ultimately	into	ground	water?	

8. Will	carbon	sequestration	be	maximized,	supported	by	or	promoted	by	
the	ecological	function	of	the	plant-soil-water	continuum?		
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Criteria	Questions	for	Economic	Analysis	(Direct	and	Indirect):	

1. Will	 the	design	plan	minimize	use	of	material	 for	construction,	such	as	
concrete	or	steel?	Could	the	existing	material	be	reused	or	recirculated?	

2. Will	 ground	 and	 earthworks	 be	 minimized	 in	 order	 to	 support	 the	
construction	plan?	Could	the	existing	material	be	reused	or	recirculated?	

3. Will	 ground	 disturbance	 be	 minimized	 to	 facilitate	 the	 design	 of	
construction?	Could	the	plan	allow	for	surface	disturbance	only?	

4. 	Will	 the	 plan	 minimize	 maintenance	 of	 the	 site	 once	 construction	 is	
complete?	Could	the	site	be	entirely	self-sufficient?	

5. Will	the	design	plan	and	construction	minimize	or	mitigate	the	potential	
for	flood	damage?	Will	costs	be	minimized	as	a	result	of	the	design?	

6. Will	 the	 design	 plan	 require	 a	 low	 level	 of	 grass	 mowing	 or	 lawn	
maintenance?	

7. Will	the	vegetation	and	green	spaces/green	infrastructure	require	a	low	
level	 of	 watering	 to	 maintain	 growth?	Will	 the	 design	 plan	 support	 a	
hydrating	system	for	the	vegetation?		
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