
As	 the	 global	 temperature	 increases,	many	 areas	 are	 experiencing	more	 and	more	 common	
extreme	 weather	 events.	 These	 events,	 when	 combined	 with	 a	 history	 of	 rapid	 urban	
development,	may	 lead	 to	an	 increase	 in	 the	 frequency	and	severity	of	 floods,	often	pushing	
beyond	the	capabilities	of	traditional	“hard”	stormwater	drainage	systems. 
	 
Bangalore	 and	Chennai,	 India,	 for	 example,	 have	 experienced	 an	 increase	 in	 serious	 flooding	
due	to	rapid,	unplanned	growth.	Already	undersized	drainage	systems	suffer	under	drastically	
increased	runoff	and	solid	waste	clogs.	The	number	of	wetlands,	which	can	hold	runoff,	 slow	
flood	waters,	and	reduce	the	need	for	expensive	built	systems,	has	decreased	greatly	 in	both	
cities,	putting	even	more	strain	on	 the	system.	Engineers	have	prioritized	structural	 solutions	
over	more	integrated	approaches,	a	choice	which	continues	to	degrade	open	areas	that	could	
help	with	water	retention	(Gupta	&	Nair,	2011). 
	 
One	solution	to	mitigate	 floods	 is	“blue	 infrastructure,”	or	 the	use	of	various	water	retention	
and	 storage	 techniques	 that	 mimic	 natural	 hydrological	 processes.	 Similar	 concepts	 to	 blue	
infrastructure	 include	 low	 impact	 development	 (LID),	 best	 management	 practices	 (BMP),	
sustainable	 urban	 drainage	 systems	 (SUDS),	 and	 water	 sensitive	 urban	 design	 (WSUD).	
Voskamp	 &	 Van	 de	 Ven	 (2015)	 provides	 an	 overview	 and	 advice	 for	 the	 selection	 of	 blue	
infrastructure	 systems,	 emphasizing	 the	 importance	 of	 multiple	 complementary	 ecosystem	
services	 and	 a	 variety	 of	 systems	 to	 provide	 comprehensive	 protection	 and	 benefits.	 Many	
urban	areas	are	already	implementing	blue	infrastructure	designs. 
	 
Augustenborg,	Malmö,	Sweden	retrofitted	a	blue	infrastructure	system	in	the	1990s	to	increase	
detention	 time	 and	 decrease	 runoff	 and	 sewer	 outflow	 during	 major	 rain	 events,	 thereby	
limiting	 flooding.	 The	 system	 includes	 10	 detention	 ponds,	 6	 km	 of	 water	 channels,	 and	 a	
number	 of	 green	 roofs,	 and	 modeling	 showed	 the	 increased	 detention	 time	 and	 volume	
significantly	 reduced	peak	 flow	 (Haghighatafshar	et	al.,	2018,	Villarreal	et	al.,	2004).	The	new	
system	also	 significantly	 reduced	 the	magnitude	of	 flooding	 in	Augustenberg	as	 compared	 to	
nearby	neighborhoods,	including	in	a	major	flood	event	in	2014	(Sörensen	&	Emilsson,	2019) 
	
Similarly,	 Rotterdam,	 in	 the	 Netherlands,	 has	 been	 steadily	 implementing	 green	 and	 blue	
infrastructure	since	2007.	Rotterdam’s	projects	 include	a	roofpark	over	a	 local	railway	yard,	a	
number	of	“water	squares”	which	act	as	storage	in	high	rainfall	events,	and	an	Olympic	rowing	
track	 park	 designed	 to	 flood	 when	 necessary.	 Rotterdam	 struggled	 somewhat	 to	 involve	
stakeholders	and	build	mechanisms	 for	change	at	 the	start	of	 their	water	plan,	but	has	 since	
developed	 strong	public	 support	 (van	der	Brugge	&	De	Graff,	 2010;	 Tillie	&	 van	der	Heijden,	
2016) 
	
At	a	smaller	scale,	the	Texas	Medical	Center	in	Houston,	Texas	realized	a	need	to	overhaul	their	
flood	protections	 in	the	aftermath	of	Tropical	Storm	Allison	 in	2001.	New	infrastructure,	built	
for	a	500-year	flood,	 includes	under-road	culverts,	expanded	detention	facilities	in	the	nearby	
Bayou,	 sky	 bridges	 between	 buildings,	 and	 a	 flood	 alert	 system	 (Fang,	 Dolan,	 Sebastian,	 &	
Bedient,	 2014).	 These	 infrastructural	 preparations	 protected	 the	 Center	 during	 Hurricane	
Harvey,	keeping	necessary	medical	care	available	throughout	the	storm	(Ferenc,	2017). 



	 
The	Woodlands,	Texas	is	a	master	planned	community	that	has	gone	in	the	opposite	direction	
of	 most	 communities	 in	 its	 flood	 mitigation.	 The	 community	 was	 originally	 planned	 by	 Ian	
McHarg	on	the	basis	of	soil	permeability:	more	permeable	spaces	would	be	left	open	to	allow	
for	 infiltration,	while	 less	 permeable	 soils	 could	 be	 built	 up.	 This	 technique	 appears	 to	 have	
been	 effective,	 limiting	 damage	 from	100-year	 storms	 in	 both	 1979	 and	 1994.	However,	 the	
community	 changed	 hands	 and	 underwent	 rapid	 development	 after	 1997.	 The	 Woodlands	
flooded	in	both	2000	and	2008,	with	most	damage	being	in	the	newly	developed	areas.	M=In	
fact,	 modeling	 suggests	 that	 McHarg’s	 approach	 is	 among	 the	 best	 for	 master	 planned	
stormwater	management	(Yang	&	Li,	2011,	Juan,	2016). 
	 
In	 May	 2016,	 Guangzhou,	 China	 suffered	 major	 flooding	 damage.	 Rainfall	 in	 the	 city	 has	
increased	annually,	and	the	city	recently	decided	to	adopt	the	“Sponge	City”	program	(Lyu	et.	
al.,	 2016).	 This	 program	was	established	 in	China	 in	 2014	 to	 tackle	urban	 flooding	 and	other	
water	management	issues.	The	approach	is	similar	to	various	programs	in	other	countries	and	
includes	both	an	increase	in	“blue”	and	“green”	areas	and	upgrades	to	drainage	systems.	The	
ultimate	 goal	 is	 to	 increase	 permeable	 urban	 land	 by	 20%	 and	 retain	 or	 reuse	 80%	 of	
stormwater,	 through	 the	use	of	blue	 infrastructure	such	as	permeable	pavement,	bio-swales,	
infiltration	channels,	and	artificial	wetlands.	The	program	has	the	additional	benefit	of	greatly	
increasing	ecosystem	diversity	and	aesthetic	amenities	in	heavily	urbanized	areas	(Chan	et	al.,	
2018). 
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