
Toward NL-wide wetland inventory 
system using satellite-based 
methods

Presented by: 

Meisam Amani, PhD

Remote Sensing Specialist, Wood 
Environment & Infrastructure Solutions

Board member, Northeast Avalon ACAP



• Remote sensing is defined as the measurement of 

object properties on the earth’s surface using data 

acquired from aircrafts and satellites
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• Remote sensing satellites for wetland classification: 



• Flood control

• Erosion control

• Water purification

• Shoreline protection

• Soil and water conservation

• Carbon storage

• Recreation and tourist activities

Wetland Service
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Kidneys of environment 



• 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



• Importance

 ~18% of NL is covered by wetlands (It’s more!!!!)

 Over the last decades, industrialization, urbanization, and 

agricultural activities have posed a serious threat to wetlands 

in the province

• Steps

 Before Sept 2015

 Before Dec 2018

 Now

 Future

Wetland Classification in NL
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• Only two small areas were classified

• Using basic methods

• Several field works 

Wetland Classification in NL (2015)
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Canadian wetland inventory progress map (http://maps.ducks.ca/cwi/)



Study areas

Wetland Classification in NL (2018)
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Each ~ 700 km2



Field data

Wetland Classification in NL (2018)
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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 Forest



Satellite data

Wetland Classification in NL (2018)
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Each ~ 700 km2• Optical
 RapidEye

 Landsat-8 (free)

 Sentinel-2 (free)

 ASTER (free)

• SAR
 RADARSAT-2

 ALOS-1 (free)

 ALOS-2 

 Sentinel-1 (free)

 TerraSAR-X

• Aerial
 Canadian Digital Elevation Model (CDEM)



Preliminary analyses

Wetland Classification in NL (2018)
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Comparison between classification algorithms Pixel-based vs. object-based method

Overall accuracy

90%
Overall accuracy 

77%

Accuracy June August November 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

Visual analysis (spectral signature)



General method

Wetland Classification in NL (2018)
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Each ~ 700 km2



Wetland classified maps

Wetland Classification in NL (2018)
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Each ~ 700 km2



Wetland classified maps

Wetland Classification in NL (2018)
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Each ~ 700 km2



Classification accuracies

Wetland Classification in NL (2018)
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Other analysis (Advanced classification algorithms to improve the accuracy)

Wetland Classification in NL (2018)
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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 (2019)
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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



Main challenge

NL-wide wetland inventory (2019)
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Each ~ 700 km2• Processing of hundreds of satellite images

Area= ~ 405,000 km2 Satellite data= Only 1588 Landsat-8 images during 2018



Solution

NL-wide wetland classification (2019)
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Each ~ 700 km2• Google Earth Engine (GEE)



Final map

NL-wide wetland classification (2019)
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Each ~ 700 km2



Zoomed image

NL-wide wetland classification (2019)
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Each ~ 700 km2



Wetlands area

NL-wide wetland classification (2019)
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Each ~ 700 km2
The area of each class in the province of NL based on the classified map

Province of NL Newfoundland Labrador

Class Area (km2) % of NL Area (km2) % of Newfoundland Area (km2) % of Labrador

Wetland

Bog 102,293 25.24 38,248 36.08 64,045 21.41

Fen 24,094 5.94 12,176 11.49 11,918 3.98

Marsh 33,429 8.25 4,143 3.91 29,286 9.79

Swamp 6,502 1.60 4,698 4.43 1,804 0.60

Shallow Water 18,116 4.46 3,113 2.94 15,003 5.01

Total 184,434 45.49 62,378 58.85 112,056 40.79

Non-wetland

Deep Water 40,507 10.00 7,322 6.91 33,185 11.09

Forest 93,878 23.17 26,933 25.41 66,945 22.37

Lichen Woodland 26,434 6.53 1,227 1.16 25,207 8.42

Shrubland 15,717 3.88 2,553 2.41 13,164 4.40

Pasture 2,619 0.65 1,603 1.51 1,016 0.34

Cropland 180 0.04 157 0.15 23 0.01

Barren 41,443 10.24 3,828 3.61 37,615 12.57

Total 220,778 54.51 43,623 41.16 177,157 59.20



Accuracy

NL-wide wetland classification (2019)
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Each ~ 700 km2
The producer and user accuracies of wetland and non-wetland classes obtained from the

province-wide wetland map. The overall accuracy and kappa coefficient for this

classification were 78% and 0.76, respectively.

Class Producer Accuracy (%) User Accuracy (%)

Wetland

Bog 71.7 79.0

Fen 60.3 73.5

Marsh 62.1 69.8

Swamp 79.8 63.9

Shallow Water 57.3 66.6

Average 66.2 70.6

Non-wetland

Deep Water 97.9 96.2

Forest 82.8 88.1

Lichen Woodland 80.1 55.3

Shrubland 76.6 81.1

Pasture 82.4 68.6

Cropland 51.8 67.7

Barren 98.2 93.7

Average 81.4 78.7



How to improve the accuracy of maps

Wetland Classification in NL (What is next…)
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Each ~ 700 km2• Include more field data

• Use advanced classification algorithms with more 

input features

• Produce wetland maps each year and evaluate the 

changes, gain, and loss in wetland areas over time

• Contribution in other fields: relate the results to the 

other variables (carbon storage, ducks migration, etc.) 
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