
NSERC Applied Research and Development grant with 

partner Leading Edge Geomatics: “Operational research of 

airborne topo-bathymetric lidar”

Tim Webster, Kate Collins, Nathan Crowell, Kevin McGuigan & Candace MacDonald 
+ Contributions from Matt Roscoe,David Kristiansen, Calvin Gough, Tyler Yorke, Sean 

Dzafovic & Ariel Vallis

Tim.Webster@nscc.ca

Research Scientist

Applied Geomatics Research Group

Centre Of Geographic Sciences

Nova Scotia Community College

Copyright NSCC please 

acknowledge the source

mailto:Tim.Webster@nscc.ca


ChiropteraII – Lidar principles

Typical bathy waveform

Sea surface return

Water backscatter

Sea-bed return

Source: Leica AHAB
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Eelgrass mapping

Depth Normalization

Future surveys

Conclude

4 sensors

NIR laser 500kHz

Green laser 35 kHz

RCD30 60 MP RGB, NIR

5 MP QA camera
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Susceptible to varying study area conditions 

Major Process Update from AHAB probable
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We relied on weather forecasts and local knowledge for water clarity conditions, very challenging

Water clarity # 1 issue

Most surveys, better at low tide.

Most required good aerial photography (high sun angle to minimize shadow, but avoid glint)

Having multiple areas 

allowed us to choose optimal 

sites based on the: 

• Forecast (wind, rain, 

cloud)

• Tide (tidal range)

• Orientation of the 

coastline (onshore or 

offshore wind)

• Exposure of the site

• Deployment of field crews
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www.intellicast.com/

Daily & hourly 

forecast, presented

graphically or tables
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Hourly forecast, 

Presented

graphically or tables
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Can advance 3 hrs out to 6 days aheadwww.windfinder.com
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www.windfinder.com
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Can look at the predicted tides also
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https://weather.gc.ca/marine/
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Marine forecast has more information on wind and waves

Can also access weather stations on land and buoys

https://weather.gc.ca/marine/
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Can examine the past 24 hours for weather stations
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Water clarity matters! Secchi depth (1.5X by laser)

1.5 X Secchi
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Calibration & 

River

Tabusintac – Eelgrass & navigation

Cocagne – Eelgrass & SF aquaculture

Cape John – John Bay – Geology & erosion

Little Harbour – SF aquaculture potential

Isle Madame – World Class 

Tanker Safety

Sable Island – Change detection & 

veg mapping

Benery Lake – Lake reservoir calculation

Lake Banook – Aquatic weeds

La Dune de Buctouche – Change detection
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AGRG Weather Stn. Cape John, Sept.  22-29
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Test line
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Flight on the 

25th aborted 

do to poor 

lidar returns

Flight on the 

26th

proceeded 

with 

improved 

water 

quality
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What a difference a day makes
Turbidity management

• Cape John/John Bay had to be 
aborted Sept 25 due to poor 
water quality & surveyed Sept 26
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South Side

Sept 25 waves and poor depth

Sept 26 calm and 5 m depth
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North Side

Sept 25 calm and 5 m depth

Sept 26 calm and 5 m depth
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New publication in a special issue 

“Advances in Topobathymetric

Mapping, Models, and Applications”
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Light & Water
One of the most common descriptors of the penetration of 

sunlight in water is the diffuse attenuation coefficient, 

K(λ), or Kd(λ)

K = K water + K dissolved organics + K particulates 

Id = I0 e- Kd

Id – Intensity of light at water depth d (m)

I0 – Intensity of light at surface

K – Diffuse attenuation coefficient

d - Water depth (m)
Exponential loss of light intensity with depth

K changes with turbidity
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• k = 0.477 m-1

• Secchi: 4.9 m

• k = 0.891 m-1

• Secchi: 2.9 m

• k = 0.174 m-1

• Secchi: 8 m
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Source www.earsel.org/Advances/4-1-1995/4-1_11_Gilabert.pdf

Relation between Secchi depth and K value:

 Empirical:  

 K = diffuse attenuation coeff.

 Zs = Secchi depth

 Drinking water K ≈ 0.06

 K = 0.1  Secchi 16 m

 K = 0.5  Secchi = 3.2 m

Source: Leica AHAB

K
Zs = 1.6

Zs = Secchi depth
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Light sensor

on dirty

cinderblock 

post 

deployment

Light sensor

on clean

cinderblock  

pre deployment

Lidar
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Deploying light sensors
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Multiple hobo 

pendent light 

sensors on pole  

Hydrolab turbidity

Seabed Elev. CGVD28 -1.33 m

Water surface

1.00 m

1.32 m

1.62 m

1.92 m

2.70 m

0.38 m above seabed

Hobo pendent

Light sensors

Copyright NSCC please acknowledge the source



Hobo pendent light 

sensors on pole  

Seabed Elev. CGVD28 -1.33 m

Hydrolab

Turbidity &

Pressure

sensors

1.00 m

1.62 m

1.32 m

1.92 m

0.38 m

2.70 m

Top of

pole

Light sensors

at High Tide

Water level ~ 1.95 m
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1.00 m

(-0.33 m CGVD28)

1.62 m

(0.29 m CGVD28)

1.32 m

(-0.01 m CGVD28)

1.92 m 

Above seabed

(0.59 m CGVD28)

0.38 m 

(-0.95 m CGVD28)

Light sensors

at High Tide

Water level 

~ 1.95 m

Seabed Elev. -1.33 m CGVD28

Tidal range

-1 to 1 m CGVD28 
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Hydrolab Water Probe - Turbidity

Variable tidal range – lunar cycle

Height

above 

sensor

Copyright NSCC 

please 

acknowledge the 

source



Time Lapse Camera

Weather Station

GPS

Pillar
Light Sensor 

on land
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Weather Station – wind, solar, 

rain

Light sensors

Hydrolab-AML water turbidity

Tide gauges

On land

Under water

Day 1       2 3         4 5          6 7 

Light Sensor 

on land
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Comparing calm and 

stormy conditions

at Cape John

Recovery of water clarity from 

the storm after 1 day, but only at 

70% in surface water, 25% near 

the bottom compared to before 

the storm 

50 km/hr for a longer period

20 km/hr short lived

On land

Under water

Day 1       Day 2 Day 1       Day 2 

Aug. 24-25 

Sept. 1-2

High tide , high turbidity

Low tide, minor turbidity
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Clear vs turbid water & storms
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Sept 1
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Effect of water on light intensity

Top sensor

Bottom sensor

Top sensor

Bottom sensor

Bottom sensor

Top sensor
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Exponential decay of light intensity with water depth

Id = I0 e- Kd

Id – Intensity of light at water depth d (m)

I0 – Intensity of light at surface

K – Diffuse attenuation coefficient

d - Water depth (m)
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Light Sensors

SS

TB

Cape John

Isle Madame

SH
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At 10% light

Penetration: 

Low turbidity 1.75m

Medium turb 0.9 m

High turb 0.5 m
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CB-50 CB-150 CB-650CB-450

D cell

batteries

+ Turbidity

This upcoming field season will allow for

Cellular modem communication for real-time monitoring options

Solar 

powered

batteries

+ Turbidity

Solar 

powered

batteries

+ Turbidity

+ Weather

station

Solar 

powered

batteries

+ Turbidity

+ Weather

station
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Airmar 200 WX:

Wind speed & direction

Solid-state compass

10 Hz GPS

3-axis accelerometer

3-axis rate gyro

Barometric pressure

Ultrasonic wind readings

D cell

batteries

+ Turbidity

CB-450 x 1

Solar 

powered

batteries

+ Turbidity

+ Weather

station

CB-50 x 3

Acquisition of real-time turbidity monitoring
Funded by DFO

World Tanker Safety 

Program
Funded by NSERC
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Conclusions
• The wind speed and direction play a significant role in 

wave development and turbidity in coastal 
environment, more so than runoff

• Development of time series relating water clarity and 
weather conditions will hep become more 
operationally efficient

• Hobo light sensors measure differences in water 
clarity, hydrolab – turbidity, pressure sensor – water 
level, weather station – wind speed & direction, Hobo 
& weather station for atmospheric light conditions

• Real-time turbidity sensors deployed in bays will 
allow assessment for bathy-lidar flights
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