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• Flood control
• Erosion control
• Water purification
• Shoreline protection
• Soil and water conservation
• Carbon storage
• Recreation and tourist activities

Wetland Service

Wetlands in NL

Bog Fen Shallow WaterSwampMarsh
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• Traditional (e.g., field work)
 Expensive
 Time-consuming
 Not practical for large areas
 No practical for wetland 

change detection and 
monitoring

 Accessibility issues
 Necessary for remote 

sensing methods

Wetland Classification Methods
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• Remote Sensing
 Cost effective
 Real-time data
 Large coverage
 Repetitive observation
 No limitation regarding 

the accessibility



• Remote sensing is defined as the measurement of 
object properties on the earth’s surface using data 
acquired from aircrafts and satellites

Remote Sensing

Optical

SAR

UAV

LiDAR SmallSats

Hyperspectral
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• Remote sensing satellites for wetland classification: 



• ~18% of NL is covered by wetlands
• Over the last decades, industrialization, urbanization, 

and agricultural activities have posed a serious threat 
to wetlands in the province

• Newfoundland has no comprehensive wetland 
inventory

Importance of Wetland Classification in NL
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• Only two small areas were classified

• Using basic methods

• Some sporadic field works 

Wetland Classification in NL (3 years ago)
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Canadian wetland inventory progress map (http://maps.ducks.ca/cwi/)



Study areas
Wetland Classification in NL (up to now)
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Each ~ 700 km2



Field data
Wetland Classification in NL (up to now)
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Each ~ 700 km2• Conducted in summer 2015, 2016, 2017

• Ancillary information, including GPS 
points, on-site photographs, field notes 
on dominant vegetation, and hydrology 
were collected at each wetland site

• The GPS points were inserted into 
ArcMap and, then, the boundary 
delineation was conducted using high 
resolution images

• Based on Canadian Wetland 
Classification System (CWCS)

• Five wetland classes: Bog, Fen, 
Marsh, Swamp, and Shallow Water

• Three non-wetland classes: Deep 
Water, Urban, and Upland



Satellite data
Wetland Classification in NL (up to now)
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Each ~ 700 km2• Optical
 RapidEye
 Landsat-8 (free)
 Sentinel-2 (free)
 ASTER (free)

• SAR
 RADARSAT-2 (free)
 ALOS-1 (free)
 ALOS-2 
 Sentinel-1 (free)
 TerraSAR-X

• Aerial
 Canadian Digital Elevation Model (CDEM)



Preliminary analyses
Wetland Classification in NL (up to now)

10 NL WETLAND INVENTORY SYSTEM

Comparison between classification algorithms Pixel-based vs. object-based method

Overall accuracy
90%

Overall accuracy 
77%

Accuracy June 
(2015/06/19)

August 
(2015/08/15)

November 
(2015/11/26)

Combination of 
multi-date images

OA (%) 86 88 81 88
APA (%) 60 64 56 68
AUA (%) 57 60 53 63

Evaluation of multi-temporal satellite data

Evaluation of confusion matrix



General method
Wetland Classification in NL (up to now)

11 NL WETLAND INVENTORY SYSTEM

Each ~ 700 km2



Wetland classified maps
Wetland Classification in NL (up to now)
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Each ~ 700 km2



Wetland classified maps
Wetland Classification in NL (up to now)
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Each ~ 700 km2



Classification accuracies
Wetland Classification in NL (up to now)
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Other analysis (spectral analysis of wetlands)
Wetland Classification in NL (up to now)
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Evaluated optical features Statistical analysis

Visual analysis (spectral signature)

Best optical spectral bands (summary)



Other analysis (backscattering analysis of wetlands)
Wetland Classification in NL (up to now)
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Evaluated SAR features

Statistical analysis

Best SAR features and 
decomposition methods(summary)



Other analysis (Advanced classification algorithms to improve the accuracy)
Wetland Classification in NL (up to now)
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Amani et al., 2018

Mahdavi et al., 2018
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Limitation of the previous works
Wetland Classification in NL (Next Step)
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Each ~ 700 km2• Wetland maps from only 5 pilot sites (1% of the 
province in total)

• No wetland map from the entire province

• Did not evaluate the changes over years and did not 
estimate the amount of loss/gain in wetland areas 

• Did not consider most of the non-wetland classes

• Conducted solely based on remote sensing

• Some of the satellite data were not free



Preliminary map
Wetland Classification in NL (Next Step)
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Each ~ 700 km2• NL-wide wetland map in 2018 using multi-date landsat-8 
imagery 



How to improve the accuracy of maps
Wetland Classification in NL (Next Step)
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Each ~ 700 km2• Use a combination of optical (Landsat-8+Sentinel-2) 
and SAR (Sentinel-1) data

• Include more field data
• Include more non-wetland classes
• Remove small classified areas to make the maps less 

noisy

• Produce wetland maps each year and evaluate the 
changes, gain, and loss in wetland areas over time

• Relate the results to the other variables (carbon 
storage, ducks migration, etc.) 
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Wetland Classification in NL (Next Step)
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