
COASTLINE MAPPING 
TECHNOLOGIES AND THEIR 

APPLICATION TO
ENVIRONMENTAL PROGRAMMING

Tim Webster, Kate Collins, Nathan Crowell, Candace MacDonald, Kevin McGuigan



Outline

• Coastline Mapping Technologies
• Topographic-bathymetric lidar
• 3D laser scanner
• Multibeam acoustic seafloor mapping
• Satellite imagery, aerial photography 

• Applications to Environmental Planning
• Erosion-related land use planning
• Aquaculture site selection and monitoring
• Oil spill preparedness
• Flood risk mapping related to climate change
• Submerged aquatic vegetation management



Applied Geomatics Research Group
• Geomatics is the discipline of gathering, storing, processing and delivering geographic 

information, or spatially referenced information (Wikipedia); applied geomatics operates in the 
four dimensions of space and time to create a thorough evaluation of the landscape being studied. 

• AGRG was founded in January 2000. 

• We employ the entire gamut of geomatics technology to conduct vital environmental research, and 
to create economic opportunity by partnering with innovative organizations and private industries.

• As part of Nova Scotia Community College's Centre of Geographic Sciences in Middleton, Nova 
Scotia, we also are acknowledged leaders in educating new researchers in an exciting, growing 
field. University graduates or young scientists can further their education through industry 
internships, joint M.Sc. degrees or practicums and workshops.

• The AGRG team is made up of leading research scientists in the field of geomatics as well as adjunct 
scientists, research associates and student interns. They bring a wealth of national and international 
experience and expertise to AGRG, our partners and our clients.

http://agrg.cogs.nscc.ca/
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Topographic-bathymetric Lidar
Typical bathy waveform

Sea surface return

Water 
backscatter

Sea-bed 
return

Source: Leica AHAB

• LiDAR: Light Detection and Ranging

• Millions of lasers shoot at the ground, 
bounce off of features on the ground, and 
return to the plane. 

• Each ‘bounce’ gives us a point. 

• Each point has it’s own unique GPS 
coordinate – latitude, longitude, elevation.

• Lasers are so small and powerful, they can 
even get under the trees to the ground.

• Chiroptera II by Leica AHAB

• Red topographic laser, 1032 nm 

• Green bathymetric laser, 515 nm

• Multispectral RGB-NIR 5 cm resolution 
camera 



Topographic-bathymetric Lidar

(a) Aircraft	used	for	2015	lidar	
survey;	

(b) display	seen	by	lidar	operator	
in-flight;	

(c) main	body	of	sensor	(right)	
and	the	data	rack(left);	

(d) large	red	circles	are	the	
lasers;	the	RCD30	lens	(right)	
and	low	resolution	camera	
quality	control(left).



6	km	x	1	km
20	Gb
1	hour	

Aerial Lidar



Dense point cloud of lidar 
data captured for the by 
several flight lines.
Halifax, 2014













3D Laser Scanner & Acoustic Multibeam



APPLICATIONS TO 
ENVIRONMENTAL 

PLANNING



Coastal Erosion

• Cape John, NS

• January 2005, till bank after a 
storm – cut vertical

• June 2005, till bank after freeze 
thaw slumping

• Aug, 2010

• Dec, 2010





Traditional RS 
Approach to 
Monitoring 
Erosion

Multi temporal air photo 
interpretation



• Volumetric estimates of the change 
in sediment are what’s required to 
estimate annual rates of change 
that can be used in coastal land 
management and planning

• All 3 laser-based technologies are 
suitable for monitoring and 
measuring erosion

• Repeat site visits to scan the till 
bank using lasers are an effective 
monitoring tool 

• We can do the same calculation 
with the lidar data

Coastal Erosion
3D point cloud, each point has x, y, z

Volume of sediment removed 1081 m3 along a 150 m section



Aquaculture site selection
Critical components:

• Depth
• Water flow
• Biological 

characterization
• Bottom type

Other concerns:

• What about waste 
products?

• What about nutrients?

Social	License

Sensitive	Habitat

Navigation

Recreation

Other	Fishery	Resources

Lobster	Fishing	Areas

Water	Movement

Water	Depth

Suitable	Sites}
GIS map layers can be weighted using a criteria for optimal site selection. Map 
layers can then be combined to identify the areas most suitable with additional 
constrains ie. Avoiding lobster fishing areas.



Hydrodynamic Model of Estuarine Ciculation



Particle tracking



Oil Spill Preparedness



Color Shaded Relief



Habitat Classification for Oil Spill 
Preparedness



Habitat Classification for Oil Spill 
Preparedness



Coastal Vulnerability to Oil Spills



Model potential 
oil spills



Flood Risk Mapping

Lidar provides a high resolution base to 
predict when and where flooding will 
occur

• GIS-based models to fill the land with 
water according to elevation

• Hydrodynamic models to assess flood 
currents and precise event timing

Recent Flood Studies

• Indian Brook

• Liverpool 

• Bridgewater

• Halifax



Flood Risk Modeling of Halifax Harbour
• Evacuation analysis undertaken by Dalhousie 

University & the Marine Environmental 
Observation Prediction and Response Network 
(MEOPAR), entitled, “Evacuating the Halifax 
Peninsula: A Multidisciplinary Analysis and 
Training to Improve Evacuation from Coastal
Floods”.

• AGRG was tasked to complete the spatial flood 
analysis and inundation of roads infrastructure 
to support the evacuation analysis. The analysis 
required the development of an inventory of 
major Halifax peninsula roads impacted under 
various flooding scenarios, and to provide the 
flood extents for five flooding scenarios.

• https://www.youtube.com/watch?v=hn8kKv7EY
kk



Indian Brook, NS
• Inland community with flooding 

culverts

• Used model results to suggest 
how flooding could be reduced

• Predicted flooding under 
different levels of rainfall based 
on climate change studies



Liverpool: vulnerable to storm surge



Bridgewater: 
vulnerable to 
storm surge 
flooding and 
overland flooding

What flooding occurs if 
these flood events occur 
simultaneously?

What about under 
climate change?



Bridgewater Flooding
• The results of the various flood risk 

simulations indicate that the area upstream 
of the Veteran’s Memorial Bridge is 
vulnerable to flooding from large discharge 
events of the LaHave River. 

• However, the downtown waterfront does 
not appear to be susceptible to flooding 
from significant discharge events. 

• However, the modeling does suggest that 
the downtown area is vulnerable to SLR 
and storm surge flooding. 

• Based on the simulations, areas such as the 
Bridgewater Mall parking lot, the Marine 
Terminal and sections of LaHave Street and 
Shipyards Landing Park become inundated 
under a 2.2 m storm surge generated at the 
mouth of the LaHave River. 



Submerged Aquatic Vegetation Mapping
We can use a combination of the lidar 
products- photos, depth, and 
reflectance- to map vegetation, 
submerged or exposed

• Lake Banook
• Submerged Aquatic Vegetation is a 

problem 

• Eelgrass
• “Canary in the coal  mine of 

estuaries”; ecologically significant 
species, indicator of ecosystem 
health

• Rockweed
• Sustainable commercial harvest

Black Rocks, Bay of Fundy using NIR band from RCD30  camera



Lake Banook, Dartmouth: A Pondweed Problem



Lake Banook

• Using lidar to map the 
vegetation provides an excellent 
tool to monitor the weed over 
time
• distribution 
• height 



Eelgrass
Mapping	 and	monitoring	critical	as	an		
indicator	of	ecosystem	health



Oyster Aquaculture 
interpreted from 
orthophotos

(a)	shows	lines	of	OysterGro cages	rightside up,	(b)	 shows	
some	upsidedown cages	(outlined),	 (c)	is	an	image	of	
subsurface	cages	with	no	enhancement,	and	(d)	 is	the	same	
image	with	the	enhancement	applied	 for	digitizing	 purposes.

Large	raft	cagesFrench	oyster	tables	in	the	
northern	 area	of	Cocagne
Bay



Depth(m) Cage	Type Number	of	Cages Biomass	

Estimate(kg)

0	to	1 French	Oyster	Tables 739 2.68E+04

TOTAL 739 2.68E+04

1	to	2 OysterGro	Cages 375 1.36E+04

Large	Raft	Cages 125 9.06E+03

Small	Raft	Cages 30 1.81E+03

Subsurface	OysterGro

Cages

101
3.66E+03

TOTAL 631 2.81E+04

2	to	3 OysterGro Cages 3168 1.15E+05

Small	Raft	Cages 15 9.06E+02

Subsurface	OysterGro	

Cages

781
2.83E+04

TOTAL 3964 1.44E+05

Oyster Biomass with depth



Depth Contour
Total Eelgrass 

Area (km2)

Percent 
Eelgrass Per 

Contour

0 – 1 m 3.09 49
1 – 2 m 2.56 65
2 – 3 m 2.18 19

3 – 4 m 0.0003
0

4 – 5 m 0.000039
0

5 – 6 m 6.68E-06
0

Eelgrass area with depth



Rockweed- commercially 
harvested by Acadian Seaplants
Ltd.

• How to harvest sustainably

• How to identify the resource using 
remote sensing?



Conclusions

• Coastal mapping technologies used at AGRG are effective tools to quantify and 
spatially represent
• Risk to coastal infrastructure

• Flood
• Oil or contaminants

• Coastal development opportunities
• Aquaculture 
• rockweed

• Ecosystem health
• Natural resource management



Thank you


