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Wetlands

“an area that is saturated with water long enough to promote wetland
or aquatic processes as indicated by poorly drained soils, hydrophytic
vegetation and various kinds of biological activities that are adapted to
a wet environment.”

National Wetlands Working Group. 1997. The Canadian Wetland Classification System. Wetlands Research Branch, University of Waterloo.

SWOT’s potential to measure water surface elevation (WSE) in
herbaceous wetlands
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Objectives

The main objective is to improve our knowledge of ungauged
watersheds using new Earth Observations from remote sensing.

The project focuses on two research questions:

1) Can advance spatial knowledge of river flows and lake/reservoir
water levels improve hydrological modelling of a basin?

2) Can satellite data improve the parameterization of wetlands in
hydrological modelling?
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1) https://wateroffice.ec.gc.ca/mainmenu/real_time_data_index_e.html

2) https://www.sgligis.com/remote-sensing-and-gis-introduction/

3) https://espace.inrs.ca/id/eprint/4851/1/7822.pdf

Wetlands

REMOTE SENSING
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Alternative sources
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* Based on mass and momentum conservation
equations applied to river segments (water routing) and
hillslopes (surface runoff routing, snow accumulation/melt,
soil water balance, wetland hydrology)

e At the core of...

* Operational hydrologic forecasting systems in Quebec and Yukon
* Southern Québec Hydroclimatic Atlas

e Several studies on...
» Effect of land management and global warming on flows
* Role of wetlands on mitigating floods and droughts

 Effect of individual and cumulative surface water allocations (agricultural,
municipal, industrial, institutional) on flows



WETLAND MODULE - HYDROTEL
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SF = Surface flow Vev = Evapotranspiration Vfout = Isolated water surface outflow

LF = Lateral flow Vpcp = Precipitation Vex (rwse) = Riparian water surface exchange

GF = Groundwater flow Vseep = Seepage Vex (rwle) = Riparian water lateral exchange

Fossey, M. (2016). Contribution a un cadre de modélisation hydrologique des milieux humides des Basses-terres du Saint-Laurent : fonctionnement, dynamique et impacts en contexte de changement
climatique (Thése de doctorat). Université du Québec, Institut National de la Recherche Scientifique, Centre Eau Terre Environnement.https://espace.inrs.ca/id/eprint/4851/1/T822.pdf
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Objective

Can satellite data improve the parameterization of wetlands in hydrological modelling?
Mapping flooded vegetation in wetlands using Sentinel-1 and SWOT

Study areas
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Canadian Wetland Inventory Map Version 3A (CWIM3A)



Why use Sentinel-17?

ldentify Flooded vegetation

Higher spatial resolution
(10m)

Finer segmentation of
wetland areas

- Sig0 VV (dB)
- s|go VH (dB)

Oromocto Sentinel-1 Aprll 28 2025
Mamawi Lake, Sentinel-1 July 03 2025 10

Lake Saint-Pierre, Sentinel-1 May 30 2024



Image segmentation
Preprocess Sentinel-1 images in Google Earth Engine
Automated Mean Shift segmentation using

Orfeo Toolbox to create su perpixeals

N y oo

Mamawi Lake, Sentinel-1 July 03 2025

Lake Saint-Pierre, Sentinel-1 May 30 2024
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Class Assignement

3 classes:

1. Open water

2. Flooded vegetation
3. Ground

Sample within segmented polygons
Gaussian Mixture Model
Unsupervised -> no training needed
Sentinel-1:

Sig0 VV median + std,

Sig0 VH median + std

SWOT (PIXC):
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Classification results, Mamawi Lake area

classes
Il Open water
Flooded vegetation

Mamawi Lake, Sentinel-1 July 03 2025, SWOT July 1 2025

Aquatic (a) and riparian
(b) vegetation
(Desrochers et al. 2021)

Bl Sig0 WV (dB) GMM Sentinel-1 only GMM Sentinel-1 + SWOT
I Sig0 VH (dB)

B Sig0 WV (dB) =
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Classification results, Oromocto = o v

Flooded vegetation

Oromocto, Sentinel-1 December 23 2023, SWOT December 21 2023

Bl Sig0 VV (dB)
I Sig0 VH (dB)
Bl Sig0 VV (dB)

May 15, 2024

GMM Sentinel-1 + SWOT 14



classes

Classification results, Oromocto = O water

Flooded vegetation
1 Oromocto, Sentinel-1 April 28 2025, SWOT April 14

B Sig0 VV (dB)
I Sig0 VH (dB)
Bl Sig0 VWV (dB)

May 15, 2024

GMM Sentinel-1 only GMM Sentinel-1 + SWOT 15



Classification results, Lake Saint-Pierre area

Lake Saint-Pierre, Sentinel-1 May 6 2024, SWOT May 8 2024
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Classification results, Lake Saint-Pierre area

Lake Saint-Pierre, Sentinel-1 May 30 2024, SWOT May 28 2024
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Classification results, Lake Saint-Pierre area mow e
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Potential to improve existing classifications

classes
Bl Open water
Flooded vegetation

Mamawi Lake, Sentinel-1 July 03 2025, SWOT July 1 2025
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GMM Sentinel-1 + SWOT Canadian wetlands classification
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Future work

Test methodology with other SAR sensors (RCM, NISAR)
Improve methodology to streamline and limit uncertainties

Use SWOT data to improve the parameterization of wetlands in
hydrological modelling:

- WSE variation
- Delineation of maximum extent
- Water Fraction Variation
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