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OUTLINE

« Why important
« Remote sensing basics
-« How it works on Churchill River

« Next steps
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RIVER ICE MONITORING

Why important 7
« Flood risk monitoring
- To ensure travel safety

- Climate change
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SATELLITE-BASED RIVER ICE
MONITORING

« |ce cover extent
May 22,2023 @ 1:30 pm (MDT) May 22,2023 @ 2:38 pm (MDT)

« |ce cover type

- |ce phenology
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- Freeze-up period
Freeze onset
Freeze-up date

- Break-up period
Melt onset
Break-up date

Water clear of ice
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MELT ONSET

River lce Break-

| p |

Thermal Mechanical
Direct sunlight and/or warm temperatures Rain and/or snowmelt
! l
Water on ice decreases the albedo & promotes INncrease in streamflow or discharge
melting |
l Increased hydrodynamic forces lift, break, and
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MELT ONSET

* Signals the beginning of the spring melt period

« Effects ice stability

« Satellite observations make it possible to

determine

- when the melt processes are taking place

- intensity of snow melt
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SATELLITE REMOTE SENSING

& ¢
- oy ™
Passive Active ‘{//_//.@
Satellite ~ Satellit 7,
S S
\
« Measure energy reflected by the «  Emits radiation and then record
Earth's surface or atmosphere returns to the sensor
* Rely on solarillumination * Does not rely on solar illumination
* Limited by polar darkness * Operate both day and night
« Limited by cloud cover « Able to penetrate clouds
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SYNTHETIC APERTURE RADAR
(SAR)

« Backscatter is the portion of the outgoing radar
sighal that the target redirects directly back

towards the sensor

« Backscatter coefficient (o°)- measure of the

reflective strength

 Wavelength

« Longer wavelength — radar signals penetrate

deeper

C'COEQ)a Nnd is able to penetrate into snowpack
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INTERACTIONS OF SNOW/ICE
AND SAR

O. - Surface scattering

0. - Volume scattering

0. - Subsurface scattering

Backscatter Coefficient

O Snow grain
© Liquid water
coating the
snow grain

Dry Snow ~ Wet Snow  Water on Ice Wet Snow

L

C Modified from Park, J., Forman, B., & Hans, L. (2021). Prediction of Active Microwave Backscatter Over Snow- 9
Covered Terrain Across Western Colorado Using a Land Surface Model and Support Vector Machine
Regr plied Earth Observations and Remote Sensing, PP, 1-1.
http:




RADARSAT Constellation Mission
(R(a:uhr@hed iNn 2019

Canadian Space Agency

3-satellite constellation

Daily coverage

C-band radar

Resolution | B N
Low Medium High | Very High = — e Nl
100 m lom, 30m, 5m 3m
50m

°* Vveather-inaepenaent

e Cansee in darkness
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AREA OF INTEREST

 Churchill River, Labrador
 |Lower basin - flood risk

 C-CORE provides
- River ice classification
- |ce thickness measurements

a P

Churchill River - Ice Classification

e

Churchill River - Ice Classification

70°0W  65°0W  60°0'W  55°0'W  50°0'W

60°0'N

Labrador
Sea

55°0'N

50°0'N

| £srijGarmin FAGNGAA, UsSS, NRGan, Parks Canada, Esri, USGS
70°0'W 65°0'W 60°0'W 55°0'W

60°0'N

55°0'N
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(Goose Bay Airport

Landsat-8
May 2, 2023
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https://c-core.ca/river-ice/
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WORKFLOW

Radiometric correction

- Digital number » radar backscatter coefficient (¢° ,dB)
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GCeometric terrain correction

Masking

Backscatter values extraction:

February 14, 2023
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MELT ONSET 2023

Backscatter Coefficient (c°), dB
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——
TIMING COMPARISON
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TIMING COMPARISON

Year Backscatter Drop Break-up Backscatter drop date vs. Break-Up Dates
Warning 1 Warning 2 Warning 3 Al A2 A3
2023 Mar 10 Mar 26 April 10 April 19 40 24 9
-17.88 dB -15.15dB -18.86 dB
2022 Mar 10 Mar 23 April 4 April 14 35 22 10
-16.2 dB -17.3 dB -23.10 dB
2021 Feb 28 Mar 12 April 1 April 7 38 26 6
-17.09 dB -17.89 dB -18.24 dB

« Potential for ice breakup prediction
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——
GEOSPATIAL COMPARISON

. Snow on Ground (cm)
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CONCLUSIONS

« Backscatter coefficient is a reliable indicator of

surface melt

 Can be used as an input for an ice breakup

prediction model

C-capac!p in decision-making on travel safety over .
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