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The high accuracies of point cloud data captured using light detection and ranging (LiDAR) offer an advantage over traditional 
surveying techniques that are used to extract elevation information in developing a digital elevation model (DEM) of an inacces-
sible area. This research demonstrates the use of point cloud LiDAR data for flood zone mapping in an urban environment, and 
specifically in Moose Jaw, Saskatchewan. Base flood signatures around water bodies were extracted from high resolution aerial 
photographs to establish base flood elevation (BFE) using 0.25 m elevation contours derived from LiDAR data. A surface eleva-
tion of 0.5 m above the BFE was classified as a flood zone. It was estimated that 787 ha of lands within Moose Jaw’s boundar-
ies fall within the flood zone. The developed flood zone was found to be 184 ha smaller than one developed using 500-year 
historical flood recurrence data. Spatial analysis techniques were then used to identify historical inaccuracies and changes in 
land cover as the possible causes for these changes. The study demonstrated the need for regular mapping of flood zones as 
they can change over time. Remote sensing technologies utilizing high resolution aerial photographs and point cloud LiDAR 
data can be used effectively for this purpose. 
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Key Messages

•	 Regularly	updated	and	accurate	flood	zone	maps	should	be	made	publicly	available	to	increase	awareness	of	risks	to	per-
sonal	property.

•	 Existing	flood	zone	maps	are	based	on	historical	flood	recurrence	data	and	are	outdated	as	flood	zones	can	change.
•	 The	latest	remote	sensing	technologies,	such	as	aerial	images	and	LiDAR,	can	be	used	to	update	existing	flood	zone	maps	
and	to	estimate	the	volume	of	flooded	waters.
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Introduction

Floods	 are	 an	 important	 natural	 process	 and	 one	 of	 the	most	
common	 and	 expensive	 natural	 hazards	 in	Canada,	where	 re-
lated	losses	to	personal	property	are	estimated	to	cost	up	to	$600	
million	per	year	(Thistlethwaite	et	al.	2017).	The	cost	of	flood	re-
lated	hazards	is	increasing	due	to	climate	change	and	continuous	
development	 in	flood-prone	areas.	Poor	maintenance	of	 storm	
water	and	flood	protection	infrastructure	may	add	to	the	risk	of	
flooding	 (Thistlethwaite	 et	 al.	 2017).	Flood	 related	damage	 is	
not	limited	to	direct	financial	impacts,	as	a	range	of	social	(e.g.,	
business	 failure,	 unemployment	 and	 population	 displacement)	
and	 public	 health	 (e.g.,	mold-related	 health	 effects,	 post-trau-
matic	stress	disorder,	depression,	and	anxiety)	related	issues	also	
follow	floods	(Levin	et	al.	2007;	Lamond	et	al.	2015).	Frequent	
occurrences	 of	 severe	 storms	 due	 to	 the	warming	 atmosphere	
and	slowing	jet	streams	has	created	an	urgent	need	for	an	aware-
ness	 campaign,	 through	 information	dissemination,	 for	proper	
protection	 and	management	 of	 floods.	 Homeowners	 can	 only	
play	their	part	in	reducing	flood	risks	if	they	are	aware	of	the	op-
tions	available	to	them.	However,	the	majority	of	the	population	
living	in	flood	prone	areas	is	unaware	of	its	vulnerability.	A	na-
tional	survey	conducted	by	the	University	of	Waterloo	revealed	
that	 only	 6%	 of	 participants	 (2300	 home	 owners)	 knew	 that	
their	 property	 or	 home	was	 located	within	 a	 designated	high-
risk	flood	zone,	 and	89%	of	home	owners	did	not	have	flood	
insurance	 for	 their	 property	 (Thistlethwaite	 et	 al.	 2017).	Out-
dated	flood	maps	or	unavailability	of	updated	maps	can	be	one	
of	the	many	causes	for	this	lack	of	information.	Flood	Damage	
Reduction	(FDR),	started	in	1975,	was	a	Canadian	government	
initiative	to	produce	high	quality	flood	risk	maps	for	all	urban	
municipalities	in	the	country.	The	program	was	also	intended	to	
coordinate	federal	and	provincial	strategies	to	discourage	future	
development	 in	 flood	 zones.	 Zoning	 authorities	 were	 encour-
aged	 to	 zone	 on	 the	 basis	 of	 flood	 risks.	 Flood-related	 finan-
cial	assessment	and	management	 is	a	difficult	 task	 for	several	
reasons	including	population	growth,	asset	value	increase,	and	
the	vulnerability	of	infrastructure	within	flood	prone	areas.	In	a	
continuing	effort	to	minimize	the	effects	of	flooding,	the	Gov-
ernment	 of	Saskatchewan	 introduced	 the	Development	Act	 of	
2007.	The	Act	requires	that	all	municipalities	in	Saskatchewan	
must	identify	areas	prone	to	natural	disaster	before	initiating	any	
planning,	rezoning,	and	development	activities	within	municipal	
boundaries	(Government	of	Saskatchewan	2007).	Maps	of	these	
areas	need	to	be	updated	on	a	regular	basis	to	include	the	latest	
information	as	flood	zones	change	over	time.

Risk	 assessment,	 analysis,	 and	mapping	 of	 areas	 prone	 to	
natural	disasters	comprises	a	complex	set	of	processes.	It	may	
involve	a	 combination	of	different	geomatics	 technologies	 in-
cluding	 remote	 sensing	 and	 geographic	 information	 systems	
(GIS).	Some	of	the	common	reasons	for	flooding	in	Saskatch-
ewan	include	snowmelt	runoff,	ice/snow	jams,	extreme	rainfall,	
and	 structural	 failure	 (Sandink	 et	 al.	 2010).	 Identification	 and	
continuous	monitoring	of	possible	 snow	 jam	areas	 can	play	 a	
crucial	 role	 in	flood	prevention.	These	may	 include	natural	or	
artificial	 obstructions	 to	water	flow	 including	 river	bends,	 de-

creased	river	slopes,	tributary	mouths,	dams,	and	bridges.	Water	
held	back	due	to	ice/snow	jams	can	cause	flash	flooding.	Though	
freeze-up	 ice/snow	 jams	occurring	 in	 early	winter	 are	 usually	
less	 damaging,	 break-ups	 occurring	 in	 early	 spring	 can	 cause	
significant	 damage	 to	 infrastructure	 and	 contribute	 to	 spring	
flooding	 in	 low	 lying	areas.	Spring	 thermal	processes	deterio-
rate	ice	cover	causing	it	to	fracture	into	large	floating	ice	slabs	
which	can	accumulate	into	ice	jams.	Kinetic	energy	generated	
from	floating	 ice	 can	 damage	 infrastructure	 and	 erode	 stream	
banks.	Additionally,	rain	that	falls	on	top	of	snow	or	snow	melt	
due	to	increasing	spring	temperatures	can	trigger	snow	breakup	
and	cause	ice	jams.	The	soil	underneath	a	thick	snowpack	of	a	
long	prairie	winter	 is	 saturated	 and	 cannot	 absorb	water	 from	
snow	melt	or	rain,	adding	it	directly	to	the	rivers	and	streams.	
Ice	jams	can	create	rapid	increases	in	upstream	water	levels	and	
consequent	flooding.	Additionally,	sudden	collapses	of	ice	jams	
can	violently	 increase	downstream	water	 levels	and	water	ve-
locities	(Scrimgeour	et	al.	1994).	The	average	annual	cost	asso-
ciated	with	ice	jam	related	damage	in	Canada	is	approximately	
$20	million	(Lawford	et	al.	1995).

Heavy	summer	rains	are	another	common	cause	of	flooding	
in	 areas	where	 a	 large	 percentage	 of	 the	 surface	 is	 imperme-
able,	or	when	prolonged	wet	periods	have	saturated	the	ground.	
Soil	compression,	paved	roads,	 impermeable	parking	lots,	and	
rooftops	resulting	from	urbanization	can	greatly	increase	water	
runoff	caused	by	precipitation,	resulting	in	urban	floods	(Law-
ford	et	al.	1995).	Heavy	rainfall	over	a	short	period	of	time	can	
significantly	increase	the	water	level	in	lakes.	Fisheries	and	En-
vironment	Canada	has	recorded	that	heavy	rainfall	in	June	1973	
over	Alberta	 caused	 the	water	 level	 of	Lake	Winnipeg	 to	 rise	
by	1	m.	A	big	river	such	as	the	St.	Lawrence,	with	an	average	
flow	rate	of	10,100	m3/s,	would	take	almost	one	month	to	drain	
this	additional	water	(CNC/HID	1978;	Lawford	et	al.	1995).	The	
rainfall	of	early	June	2002	brought	major	flooding	to	the	Cana-
dian	prairies	(Szeto	et	al.	2011).	Four	heavy	rain	events	in	June	
2005	resulted	in	flooding	in	all	provinces	and	caused	property	
damage	of	approximately	$400	million	(Shook	2016).	The	Al-
berta	flood	of	June	2013,	caused	by	above	normal	spring	snow-
melt	 in	 the	Canadian	Rockies	 and	 extreme	 rainfall,	 is	 one	 of	
the	costliest	natural	disasters	in	Canadian	history,	with	projected	
costs	of	up	to	$6	billion	(Pomeroy	et	al.	2016).	Hence	flooding	
is	considered	the	most	common	and	costly	natural	disaster	for	
Canadians.	Identification	of	flood	prone	areas	and	restriction	of	
development	within	flood	zones	can	significantly	reduce	dam-
age	caused	by	flooding	and	can	also	help	to	save	lives.

There	 is	 a	 need	 for	 updated	 accurate	 flood	 zone	maps	 of	
Moose	 Jaw	 to	 fulfill	 the	 requirements	 of	 Saskatchewan’s	De-
velopment	Act	of	2007.	This	study	demonstrates	the	use	of	the	
latest	 remote	 sensing	 technologies	 (i.e.,	 high	 resolution	 aerial	
photographs	 and	 point	 cloud	LiDAR)	 for	 accurate	 flood	 zone	
mapping,	its	comparison	with	traditional	flood	zone	delimitation	
generated	 from	 500-year	 historical	 flood	 recurrence	 data,	 and	
temporal	analysis	of	flood	zones	to	emphasize	the	need	for	regu-
lar	updates	of	flood	zone	maps	within	an	urban	environment.
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Figure 1 
The study area 
Cartography: Muhammad Almas

Southern	Saskatchewan	 is	an	extension	of	 the	Great	Plains	of	
central	North	America.	Much	of	 the	 region	 consists	 of	 gently	
rolling	 hills	 separated	 by	 river	 valleys	with	 trees	 largely	 con-
fined	to	these	valleys	(Buttle	et	al.	2016).	The	region	is	primar-
ily	a	grassland	heavily	altered	by	agricultural	activities,	and	is	
sparsely	populated.	Moose	Jaw	is	a	medium-sized	city,	founded	
in	1882	and	situated	about	80	km	west	of	Regina	at	the	intersec-
tion	of	Highway	1	and	Highway	2	(Figure	1).	It	is	an	important	
railway	 junction	 that	 connects	with	Chicago	via	 the	Soo	Line	
and	is	a	home	to	33,890	people	(Statistics	Canada	2016).	Down-
town	Moose	Jaw	is	located	in	close	proximity	to	the	confluence	
of	Thunder	Creek	and	the	Moose	Jaw	River,	and	has	a	high	risk	
of	flooding.	Spring	snow	melt	or	heavy	rain	over	a	short	period	
of	 time	 in	 the	 catchment	 area	 of	 Spring	Creek	 also	 increases	
water	 levels	and	can	cause	flooding	 in	 some	parts	of	 the	city.	

The	city	experienced	its	worst	flooding	in	April	1974	when	the	
Moose	Jaw	River,	Thunder	Creek,	and	Spring	Creek	all	over-
flowed	their	banks.	About	60	city	blocks	were	flooded,	forcing	
1400	residents	 to	evacuate	 (Ministry	of	Environment	and	Cli-
mate	Change	Canada	 2013).	 Infrastructure	within	 the	 flooded	
area	was	severely	damaged	and	essential	services	were	disrupt-
ed.	This	study	focuses	on	flood	zone	mapping	of	Moose	Jaw.

Moose	Jaw	River,	Thunder	Creek,	and	Spring	Creek	are	the	
three	main	water	channels	flowing	through	the	city	boundaries	
and	are	potential	sources	of	flooding.	Some	areas	of	the	city	are	
within	the	flood	zones	of	these	channels.	Infrastructure	here	is	
under	seasonal	flood	threat.

Traditionally,	flood	zone	mapping	in	Saskatchewan	has	been	
based	on	500-year	historical	flood	recurrence	data,	 referred	 to	
as	1:500	mapping	having	0.2%	(1	 in	500)	chance	of	flooding,	
with	 additional	 freeboard	 for	 hydrologic	 and	hydraulic	 uncer-
tainties	(Government	of	Canada	2013).	Hydrologic	modeling	is	

Study area
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used	to	estimate	peak	flow	from	storm	events	whereas	hydraulic	
modeling	is	used	to	estimate	water	surface	elevations.	Hydraulic	
analysis	coupled	with	terrain	analysis	can	be	used	to	estimate	the	
flood	inundation	area.

Alternatively,	flood	zones	can	be	mapped	through	identifica-
tion	of	base	flood	elevation	(BFE)	which	is	defined	as	a	refer-
ence	surface	elevation	beyond	which	water	levels	may	be	con-
sidered	as	flooded	water.	It	can	also	be	defined	as	the	elevation	
marking	 the	 edges/boundaries	 of	 the	 floodway.	 Identification	
of	an	accurate	BFE	is	a	crucial	and	critical	step	 in	flood	zone	
mapping	using	 elevation	 data.	Different	 regulatory	 authorities	
may	provide	guidelines	for	establishing	BFE.	Generally,	it	is	a	
computed	water	surface	elevation	that	flooded	water	has	a	1%	
chance	to	reach	or	exceed	during	a	regular	base	flood	event	(Na-
tional	Research	Council	2007).	However,	depending	upon	 the	
topography	of	an	area,	it	can	simply	be	an	elevation	of	the	river	
edges,	floodway	boundaries,	or	the	extent	of	base	flood	events.	
Once	BFE	has	been	established,	an	area	with	a	predefined	eleva-
tion	added	to	BFE	can	be	classified	as	a	floodplain	(Merwade	et	
al.	2008).	Depending	upon	 the	general	 topography	of	an	area,	
local	governments	may	require	different	elevations	to	be	added	
to	the	BFE	for	flood	zone	mapping.	As	per	flood	zone	mapping	
guidelines	 provided	 by	 the	 Government	 of	 Saskatchewan,	 an	
area	with	a	surface	elevation	of	0.3	m	above	the	BFE	is	consid-
ered	floodplain	(Sandink	et	al.	2010).

The	accuracy	of	the	flood	inundation	maps	based	on	eleva-
tion	 information	 depends	 upon	 accurate	 identification	 of	BFE	
and	 the	accuracy	of	 the	digital	 elevation	model	 (DEM)	 (Mer-
wade	et	al.	2008).	Surface	elevation	for	flood	zone	mapping	is	
typically	derived	from	historical	contour	maps	which	may	not	
provide	accurate	elevation	information	for	several	reasons,	no-
tably	the	limited	spatial	and	vertical	accuracies	of	these	maps.	
Highly	 accurate	 flood	 zone	maps	with	 improved	 spatial	 reso-
lution	can	be	 created	using	 a	DEM.	DEMs	based	on	NASA’s	
Shuttle	 Radar	 Topography	 Mission	 (SRTM3),	 with	 a	 spatial	
resolution	of	3	arc	seconds	(≈	90	m	spatial	resolution),	are	freely	
available	 from	 the	 United	 States	 Geological	 Survey	 (USGS)	
and	have	been	used	by	many	agencies	for	flood	zone	mapping	
(van	de	Sande	et	al.	2012).	NASA	has	recently	started	offering	
DEMs	(≈	30	m	spatial	resolution)	generated	from	SRTM	Global	
1	arc	 second	 (SRTMGL1)	data	 (NASA	2017).	The	significant	
improvement	of	 spatial	 resolution	 in	 the	STRMGL1	data	will	
allow	users	to	update	older	flood	zone	maps.	If	available,	point	
cloud	LiDAR	data	can	be	used	to	derive	more	accurate	DEMs,	
resulting	in	better	quality	flood	zone	maps.

Flood	zone	maps	generated	using	historical	data	need	to	be	
updated	not	only	to	improve	accuracies	but	also	to	include	up-
dated	 information	 as	 these	maps	 can	 become	 obsolete	 due	 to	
topographic	 and	 land-use	 changes	 within	 the	 floodplain.	 The	
Federal	Emergency	Management	Agency	(FEMA)	of	the	USA	
estimates	 that	as	of	March	2004,	nearly	70%	of	United	States	
flood	maps	were	more	than	10	years	old	and	were	based	on	out-
dated	data	(GAO	2004).	The	situation	in	Canada	is	not	very	dif-
ferent.	Most	of	 the	floodplain	maps	 in	Canada	were	produced	
between	1976	and	1997	under	 the	 federal	Flood	Damage	Re-
duction	Program	(FDRP).	 In	March	2017,	 the	 federal	govern-

ment	announced	its	intention	to	restart	the	program	(Insurance	
Business	 2017;	 Natural	 Resources	 Canada	 and	 Public	 Safety	
Canada	 2017).	The	 guidelines	 provided	 under	 the	 new	 initia-
tive	encourage	 the	use	of	point	cloud	LiDAR	data	 for	extrac-
tion	of	elevation	information	and	flood	zone	mapping	(Natural	
Resources	Canada	and	Public	Safety	Canada	2017).	LiDAR	is	
one	of	several	methods	used	to	construct	DEMs	and	to	derive	el-
evation	data	from	them.	Several	studies	have	been	published	to	
support	the	use	of	LiDAR	data	for	flood	zone	mapping	(Webster	
2010).	However,	no	standard	methodology	has	been	reported	in	
the	literature	to	determine	BFE	as	it	is	highly	terrain	dependent.

Methodology

Elevation	 information	 was	 extracted	 from	 high	 density	 point	
cloud	LiDAR	data	collected	in	2014	and	provided	by	the	City	
of	Moose	Jaw	to	generate	a	DEM	of	the	area.	A	typical	airborne	
LiDAR	system	collecting	30	points/m2	is	capable	of	5	to	9	cm	
lateral	and	5	 to	19	cm	vertical	accuracies	depending	upon	 the	
flight	 height.	 In	 addition	 to	 the	 flight	 height,	 accuracies	 of	 a	
LiDAR	generated	DEM	also	depend	upon	the	topography	and	
land	cover	of	 the	area	 (Hodgson	and	Bresnahan	2004).	Accu-
racy	should	be	checked	by	using	a	sufficient	number	of	ground	
control	points	(GCPs).	The	American	Society	for	Photogramme-
try	and	Remote	Sensing	(ASPRS)	and	the	Inter-Governmental	
Committee	on	Surveying	and	Mapping	(ACSM)	have	proposed	
the	use	of	a	minimum	30	GCPs	for	accurate	assessment	of	Li-
DAR-derived	elevation	data	(Pourali	et	al.	2014).

The	combined	use	of	high	resolution	aerial	photographs	and	
point	cloud	LiDAR	data	is	employed	in	this	study	to	identify	riv-
er	edges,	floodway	boundaries,	and	the	signatures	of	base	flood	
events.	A	combination	of	these	features	is	then	used	to	determine	
a	 river	 profile	when	 establishing	BFE.	The	proposed	method-
ology	adds	a	safe	margin	 to	 the	established	BFE	to	determine	
a	 floodplain.	 This	 objective	 was	 achieved	 through	 extraction	
of	 elevation	 contours	 at	 regular	 interval	 from	LiDAR-derived	
DEM.	ArcMAP	10.4	offers	a	built	in	tool	under	Spatial	Analyst	
and	3D	Analyst	extensions	to	generate	elevation	contours	from	
a	 raster	 DEM	 image.	This	 tool	 was	 used	 to	 extract	 elevation	
contours.	Different	vertical	intervals	for	elevation	contours	were	
tried,	however,	contours	of	0.25	vertical	interval	were	found	the	
most	suitable	as	they	could	be	related	easily	with	BFE.	The	other	
contour	intervals	produced	either	 too	dense	or	 too	sparse	con-
tour	lines	and	were	deemed	unsuitable.	The	vertical	accuracy	of	
these	contours	depends	upon	the	accuracy	of	the	LiDAR-derived	
DEM	and	was	verified	using	100	well	defined	GCPs	collected	
using	a	survey	grade	Trimble	6000	series	GeoXH	GPS	device	
having	sub-cm	3D	accuracy	(Raouf	et	al.	2017).

The	 root	mean	 square	 (RMS)	error	of	 the	LiDAR-derived	
elevation	 contours	 is	 usually	 used	 to	 calculate	 for	 accuracy	
assessment	 of	 elevation	 data	 (Gianinetto	 and	Fassi	 2008).	An	
RMS	error	 of	 0.15	m	was	 observed	 in	 the	 elevation	 contours	
of	 the	LiDAR-derived	DEM.	As	 indicated	earlier,	accuracy	of	
LiDAR	elevation	data	is	highly	terrain	and	land	cover	dependent	
(Hodgson	and	Bresnahan	2004).	Considering	the	frequent	eleva-
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Figure 2 
Adopted methodology for flood zone mapping using elevation data

tion	changes	and	abundant	vegetation	within	 the	area,	a	verti-
cal	RMS	error	of	0.15	m	may	be	considered	within	acceptable	
limits.	As	per	guidelines	of	 the	Government	of	Saskatchewan,	
a	surface	with	elevation	of	0.3	m	higher	than	BFE	can	be	clas-
sified	as	flood	zone	(Sandink	et	al.	2010).	However,	based	on	
the	accuracy	assessment	of	 the	LiDAR-derived	elevation	con-
tours,	a	safety	allowance	of	0.2	m	was	added	to	accommodate	
the	RMS	error	of	0.15	m.	Thus,	a	surface	having	an	elevation	of	
0.5	m	above	BFE	was	classified	as	flood	zone.	Use	of	a	0.25	m	
contour	interval	also	facilitated	the	addition	of	0.5	m	elevation	
to	the	BFE.	The	adopted	methodology	for	flood	zone	mapping	
using	elevation	data	is	presented	in	Figure	2.

High	resolution	aerial	imagery	taken	in	2014	with	a	spatial	
resolution	 of	 14	 cm,	was	 used	 for	mapping	water	 bodies	 and	
other	land	use	in	Moose	Jaw	and	the	city’s	immediate	environs.	
The	three	water	channels	within	the	city	limits	have	distinctive	
sharply	 carved	 edges	with	 steep	 slopes.	Only	 a	 small	 portion	
of	the	Moose	Jaw	River	has	a	wider	channel	where	river	edges	
are	not	sharply	carved.	However,	regular	base	flood	events	has	
caused	 erosion	 and	 left	 permanent	 signatures,	 thus	making	 it	
easy	 to	 identify	 in	 the	high	resolution	aerial	 images.	Different	
image	classification	techniques	could	have	been	applied	to	ex-
tract	this	information	but	research	suggests	that	the	use	of	hands-
on	digitization	is	a	preferred	technique	for	such	features	using	
high	 resolution	 aerial	 photographs	 (Brown	 and	 Young	 2006;	
Raouf	 et	 al.	 2017).	Although	 time	 consuming,	 hands-on	 digi-
tization	provides	superior	and	accurate	results	for	river	profile	
identification.	Elevation	contours	of	0.25	vertical	interval	were	
superimposed	on	the	classified	aerial	imagery	to	find	elevation	
information	for	the	three	water	channel	profiles.	This	elevation	
information	was	used	to	determine	the	BFE.

Three	 dams	 are	 constructed	 on	 the	 Moose	 Jaw	 River	 to	
regulate	the	water	discharge	and	to	control	flooding	within	the	
project	 area.	The	elevation	of	 the	 river	profile	 is	 considerably	
different	 in	sections	before	and	after	each	dam.	The	river	was	
divided	into	three	sections	to	accommodate	these	changes,	and	
an	average	elevation	value	was	used	to	determine	the	BFE	for	
each	section.	Elevation	contours	with	an	elevation	0.5	m	higher	
than	BFE	were	used	for	flood	zone	mapping	of	each	section.	In	
addition	to	identifying	the	river	profile,	other	infrastructure	such	
as	roads	and	bridges	were	identified	in	the	aerial	images.	The	el-
evations	of	these	structures	were	recorded	to	determine	their	ef-
fect	on	flood	zone	delimitation.	Recording	these	data	recognized	

that	elevated	infrastructure	can	act	as	a	protective	boundary	for	
floods	and	can	change	 the	flood	zone	pattern	 in	 the	area.	The	
overall	methodology	of	the	research	is	summarized	in	Figure	3.

Results and discussion

Identification	of	BFE	is	a	challenging	process	and	is	rarely	cited	
in	the	literature.	Aerial	photographs	acquired	in	2014	with	a	spa-
tial	resolution	of	14	cm	were	used	for	land-cover/land-use	map-
ping	of	Moose	jaw	and	its	immediate	environs.	River	profiles	of	
the	three	water	channels	were	identified	using	visual	interpreta-
tion	techniques	and	were	used	for	flood	zone	mapping.

It	was	 observed	 that	 the	 elevation	 contours	 of	 0.25	m	 in-
terval,	 superimposed	on	 the	 river	profiles,	were	not	100%	co-
incident	with	 them	and	a	 few	gaps	between	 the	 two	were	ob-
served.	These	gaps	were	used	to	select	observation	points	and	
the	 elevation	 of	 the	 river	 profile	 at	 these	 points	was	 recorded	
using	a	handheld	survey	grade	Trimble	6000	series	GeoXH	GPS	
device.	No	significant	change	was	observed	along	downstream	
river	 profile	 elevations	 of	 Thunder	 Creek	 and	 Spring	 Creek.	
An	average	of	all	elevation	change	was	used	to	determine	 the	
BFE	of	the	respective	creeks.	However,	river	profile	elevation	

Figure 3 
Overall methodology of the project
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Figure 4 
A comparison of flood zones generated from LiDAR data and 500-year flood recurrence data 
Cartography: Muhammad Almas

changed	markedly	before	and	after	the	three	dams	on	the	Moose	
Jaw	River.	Three	different	BFE	values	were	used	to	accommo-
date	 these	elevation	changes	 in	 the	 river	profile.	The	use	of	 a	
different	BFE	value	for	each	section	allowed	accurate	floodplain	
mapping	along	different	sections	of	the	Moose	Jaw	River.	While	
these	dams	can	be	used	for	flood	prevention,	they	can	also	cause	
flash	flooding	downstream	if	the	gates	are	opened	suddenly	to	
prevent	 the	 dam	 from	 collapsing	 because	 of	 excessive	water.	
The	inlets	of	the	dams	along	with	the	bridges	are	potential	areas	
for	ice	jam	occurrences	along	the	river.	Ice	jams	at	these	points	
of	flow	constriction	can	cause	local	flooding	and	damage	to	the	
dams	and	bridges.	The	locations	of	the	dams	and	bridges	were	
extracted	 from	 the	 high	 resolution	 aerial	 photographs.	 Eleva-
tions	of	water	clearances	under	the	bridges	and	dam	elevations	
were	recorded	using	a	handheld	survey	grade	GPS	device.	The	
BFE	value	for	each	section	of	the	river	profile	was	adjusted	to	
accommodate	the	clearance	elevations	of	 the	bridges	and	dam	
elevations.	The	extent	of	the	flood	zone	generated	from	LiDAR	
data	was	compared	with	the	traditional	flood	zone	based	on	500-

year	historical	flood	recurrence	data.	A	comparison	of	the	two	is	
shown	in	Figure	4.

Figure	4	shows	that	both	zones	were	mostly	similar	in	ex-
tent,	 however,	 a	 considerable	difference	between	 the	 two	was	
observed	 at	 some	 locations.	 The	 LiDAR-derived	 flood	 zones	
are	less	extensive	than	those	based	on	500-year	historical	flood	
recurrence	data	due	to	their	increased	accuracy	and	ability	to	ac-
commodate	changes	in	land	cover.	These	differences	were	most	
pronounced	along	Thunder	Creek.	Land-cover	analysis	of	aerial	
imagery	revealed	that	infrastructure	development	in	the	area	is	
one	of	the	main	causes	of	these	alterations	to	the	floodplains.	In	
particular,	Highway	2,	Highway	363,	Manitoba	Expressway,	9th	
Avenue	SW	and	High	Street	West	were	raised	considerably	to	
higher	elevations	during	construction	and	repaving.	These	roads	
act	as	flood	protection	barriers	and	have	changed	the	flood	zones	
within	 the	 city	 boundaries.	 However,	 not	 all	 the	 roads	 were	
raised	to	the	higher	elevations	and	are	still	at	great	risk	of	flood	
water	inundation.	It	was	calculated	that	19.8	km	of	city	roads	lie	
within	the	flood	zones,	have	a	high	risk	of	flooding,	and	should	
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Figure 5 
Infrastructure within the flood zones 
Cartography: Muhammad Almas

Table 1 
Area comparison of flood zones

be	monitored	closely	during	flooding	season.	All	infrastructure	
within	the	flood	zones	was	identified	from	high	resolution	aerial	
photographs	and	is	shown	in	Figure	5.

Technological	advancements	in	data	collection	and	mapping	
techniques	have	contributed	 to	 recorded	changes	 in	floodplain	
geometry.	Traditional	flood	 zone	maps	 are	 based	 on	 500-year	
historical	 flood	 recurrence	 data.	However,	 data	 collection	 and	
mapping	techniques	have	changed	drastically	because	of	tech-
nological	advancements.	 In	addition,	cartographic	data	collec-
tion	scale	and	the	digitization	of	historical	maps	can	introduce	
errors.	These	are	difficult	 to	determine	with	precision	because	
of	missing	information	regarding	data	collection	techniques	and	
the	equipment	used	when	collecting	the	data.	Inherent	inaccu-
racies	of	historical	data	and	infrastructure	development	within	
flood	 zones	 are	 the	 main	 causes	 of	 changes	 within	 the	 flood	
zones.	A	comparison	of	the	two	flood	zones	along	the	three	wa-
ter	channels	within	the	project	area	is	summarized	in	Table	1.

Use	 of	 the	 latest	 remote	 sensing	 technologies	 such	 as	 Li-
DAR	for	flood	zone	mapping	offers	additional	benefits.	The	Li-
DAR	data	combined	with	the	high	resolution	aerial	photographs	
can	 be	 used	 to	 calculate	 building	 footprints	 and	 impermeable	

surface	area	within	the	city	limits.	Since	water	cannot	penetrate	
through	these	surfaces,	almost	100%	of	 the	 incident	rainwater	
runs	off	into	the	city	drainage	system.	This	information	can	be	
used	for	hydrologic	modeling	and	the	designing	of	flood	drain-
age	systems	for	 the	city.	A	building	footprint	 image	generated	
from	the	LiDAR	data	is	also	shown	in	Figure	5.

The	 calculated	 area	 of	 the	 building	 footprints	 within	 city	
limits	 was	 289.9	 ha.	 Similarly,	 paved	 roads	 and	 parking	 lots	
were	extracted	from	the	high	resolution	aerial	photographs.	The	
calculated	area	of	paved	parking	lots	was	144.5	ha	and	the	total	
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length	of	paved	roads	was	284.5	km.	This	area	can	have	a	sig-
nificant	 contribution	 to	 the	 accumulation	of	water	 during	 rain	
storms	 and	 requires	 adequate	 drainage	 systems	 to	 protect	 the	
city	 from	 inundations	 during	 intense	 rainfalls	 and	 consequent	
flash	flooding.

Conclusions

The	study	concluded	that	LiDAR	data	can	be	used	successfully	
to	 generate	DEMs	 in	 an	 urban	 environment	 and	 to	 derive	 el-
evation	contours	from	the	DEM	using	interpolation	techniques.	
However,	 the	 accuracy	 of	 these	 elevation	 contours	 should	 be	
verified	 using	 well	 distributed	 GCPs	 before	 using	 them	 for	
flood	 zone	mapping.	 It	 is	 also	 concluded	 that	 the	 information	
obtained	only	from	LiDAR	generated	elevation	contours	is	not	
sufficient	for	flood	zone	mapping	and	must	be	supplemented	by	
high	 resolution	aerial	photographs	 to	 identify	flood	 signatures	
and	waterbodies	which	can	provide	a	basis	for	determining	BFE.	
These	high	resolution	aerial	photographs	can	help	in	the	identi-
fication	of	flood	barriers	including	dams	and	bridges.	The	BFE	
should	be	 adjusted	 to	 accommodate	 the	 elevation	 information	
of	these	flood	protection	structures	and	potential	flood	barriers.	
This	information	is	most	useful	in	refining	flood	zones	derived	
from	elevation	data.	Flood	zones	generated	 from	LiDAR	data	
can	be	significantly	different	from	the	flood	zones	based	on	his-
torical	 flood	 data,	 especially	 in	 an	 urban	 environment,	 as	 de-
velopment	of	infrastructure	can	alter	flood	zones.	This	requires	
regular	 updating	 of	 flood	 zone	maps	 and	LiDAR	data	 can	 be	
used	successfully	for	this	purpose.	In	addition	to	the	flood	zone	
mapping,	LiDAR	data	 can	 be	 used	 for	mapping	 impermeable	
surfaces	within	an	urban	environment.	This	information	can	be	
used	for	hydrologic/hydraulic	modeling	to	design	effective	and	
adequate	 flood	 drainage	 systems.	 The	 study	 has	 successfully	
demonstrated	an	 integrated	use	of	various	 remote	sensing	and	
GIS	technologies	to	upgrade	the	flood	zone	maps	of	Moose	Jaw.	
Similar	techniques	can	also	be	used	to	upgrade	the	flood	zone	
maps	of	other	cities.
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