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1. Overview
1.1 Summary
The Lower Athabasca Region (LAR) Probability of Wet Area is a raster-based dataset describing the
probability of a 10m pixel being wet, such as a wetland or lake. It can be used to describe the current
extent of wetlands in the LAR, detect transition zones between terrestrial and aquatic habitat, and/or be
used in spatial modelling to help estimate species abundance or wildfire probability, among other
examples.

1.2 Description
This layer was developed from Sentinel-1 and -2 imagery (Copernicus Sentinel data [2016]) and digital
elevation model (DEM) data from LiDAR (Government of Alberta, 2006), and SRTM (USGS, 2006).
Results are based on a boosted regression tree model (Elith et al., 2008) that was trained with the
Alberta Vegetation Inventory Enhanced (AVIE) data (Alberta Environment and Parks, 2016) and cross
validated with the ABMI 3x7 photo-plots (Alberta Biodiversity Monitoring Institute, 2016).

1.3 Credits
This dataset was developed and generated by the ABMI’s Geospatial Centre Research Team.

1.4 Citation
This product should be cited as:
Alberta Biodiversity Monitoring Institute Geospatial Centre. 2017. “Lower Athabasca Region - Probability
of Wet Area: version 1.” Edmonton, Alberta, Canada.

1.5 Contact Information
If you have questions or concerns about the data, please contact:
Geospatial Centre
Alberta Biodiversity Monitoring Institute
CW 405 Biological Sciences Centre
University of Alberta Edmonton, Alberta, Canada, T6G 2E9
Email: abmigc@ualberta.ca

1.6 Keywords
Alberta, Lower Athabasca Region, remote sensing, spatial modelling, boosted regression trees, wet, dry,
wetlands, aquatic, terrestrial, wet areas.

2. Use Limitations
This dataset was based on freely available open source Sentinel-1, -2, and SRTM data. The LiDAR DEM
was provided by the Government of Alberta and is proprietary data. This dataset, LAR Probability of
Wet Area, may be freely used if cited properly.

2.1 Proprietary Sourced Data
This dataset contains data originating from proprietary sources, which has subsequently been enhanced
through computer processing. The Proprietary Sourced Data shall not be used or reproduced in whole or
in part or in any form. By accessing the Proprietary Sourced Data, you agree to indemnify and hold
harmless the ABMI and the ABMI’s subsidiaries, affiliates, related parties, officers, directors, employees,
agents, independent contractors, advertisers, partners, and co-branders, from any and all actions,
proceedings, claims, demands, liabilities, losses, damages, and expenses which may be brought against
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or suffered by the ABMI or which it may sustain, pay or incur, arising or resulting from your violation of
this clause. The Proprietary Sourced Data is provided on an “As Is” and “As Available” basis and the
ABMI does not guarantee that the Proprietary Sourced Data will be suitable for your purposes or
requirements. The ABMI further states that the Proprietary Sourced Data is subject to change, and the
ABMI gives no guarantee that the content is complete, accurate, error or virus free, or up to date. The
ABMI disclaims all warranties, conditions, and other terms of any kind, whether express or implied,
whether in contract, tort (including liability for negligence) or otherwise, including, but not limited to
any implied term of satisfactory quality, fitness for a particular purpose, and any standard of reasonable
care and skill.

2.2 Open Sourced Data
This dataset contains data originating from open sources, which has subsequently been enhanced
through computer processing. The Open Sourced Data may be reproduced in whole or in part and in any
form for educational, data collection or non-profit purposes without special permission from the ABMI
provided acknowledgement of the source is made. No use of the Open Sourced Data may be made for
resale without prior permission in writing from the ABMI. By accessing the Open Sourced Data, you
agree to indemnify and hold harmless the ABMI and the ABMI’s subsidiaries, affiliates, related parties,
officers, directors, employees, agents, independent contractors, advertisers, partners, co-branders, and
Open Sourced Data sources from any and all actions, proceedings, claims, demands, liabilities, losses,
damages, and expenses which may be brought against or suffered by the ABMI or which it may sustain,
pay or incur, arising or resulting from your violation of this clause. The Open Sourced Data is provided on
an “As Is” and “As Available” basis and the ABMI does not guarantee that the Open Sourced Data will be
suitable for your purposes or requirements. The ABMI further states that the Open Sourced Data is
subject to change, and the ABMI gives no guarantee that the content is complete, accurate, error or
virus free, or up to date. The ABMI disclaims all warranties, conditions, and other terms of any kind,
whether express or implied, whether in contract, tort (including liability for negligence) or otherwise,
including, but not limited to any implied term of satisfactory quality, fitness for a particular purpose, and
any standard of reasonable care and skill.

2.3 Exclusive ABMI Sourced Data
This dataset contains data created by the ABMI through active visual interpretation and computer
processing. The ABMI Sourced Data may be reproduced in whole or in part and in any form for
educational, data collection or non-profit purposes without special permission from the ABMI provided
acknowledgement of the source is made. No use of the ABMI Sourced Data may be made for resale
without prior permission in writing from the ABMI. By accessing the ABMI Sourced Data, you agree to
indemnify and hold harmless the ABMI and the ABMI’s subsidiaries, affiliates, related parties, officers,
directors, employees, agents, independent contractors, advertisers, partners, and co-branders, from any
and all actions, proceedings, claims, demands, liabilities, losses, damages, and expenses which may be
brought against or suffered by the ABMI or which it may sustain, pay or incur, arising or resulting from
your violation of this clause. The ABMI Sourced Data is provided on an “As Is” and “As Available” basis
and the ABMI does not guarantee that the ABMI Sourced Data will be suitable for your purposes or
requirements. The ABMI further states that the ABMI Sourced Data is subject to change, and the ABMI
gives no guarantee that the content is complete, accurate, error or virus free, or up to date. The ABMI
disclaims all warranties, conditions, and other terms of any kind, whether express or implied, whether in
contract, tort (including liability for negligence) or otherwise, including, but not limited to any implied
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term of satisfactory quality, fitness for a particular purpose, and any standard of reasonable care and
skill.

3. Data Product Specifications
3.1 Spatial resolution
The Sentinel visible and near infrared data has a resolution of 10m, the LiDAR DEM has a spatial
resolution of 1m, and the SRTM DEM has a resolution of 30m. All layers were resampled to a common
resolution of 10m for spatial modelling.

3.2 Processing Environment
Google Earth Engine code editor (Google Earth Engine Team, 2015), R 3.3.1 (R Core Team, 2013), and
Microsoft Windows 7 Version 6.1 (Build 7601) Service Pack 1; Esri ArcGIS 10.3.0.4322.

3.3 Extents
West: -114.10◦
East: -109.11◦
North: 60.09◦
South: 53.81◦

3.4 Resource Maintenance
Maintenance will be implemented as needed if errors are noticed. New versions will be completed for
future years with improvements to the modelling or variable inputs.

3.5 Spatial Reference
North_American_1983_Transverse_Mercator
WKID: 3400 Authority: EPSG
Projection: Transverse Mercator
False Easting: 500000.0
False Northing: 0.0
Central Meridian: -115.0
Scale Factor: 0.9992
Latitude of Origin: 0.0
Linear Unit: Meter (1.0)
Geographic Coordinate System: GCS_North_American_1983
Angular Unit: Degree (0.0174532925199433)
Prime Meridian: Greenwich (0.0)
Datum: D_North_American_1983
Spheroid: GRS_1980
Semimajor Axis: 6378137.0
Semiminor Axis: 6356752.314140356
Inverse Flattening: 298.257222101

4. Lineage
The Probability of Wet Area dataset was built and processed mainly with open source data, within a
freely available, cloud-based processing environment. This is the first version of this dataset, and this
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methodology is intended to be improved and enhanced in future versions. Results will be released for
other areas of Alberta as they become available.

5. Methods
The Probability of Wet Area dataset was produced using Sentinel-1 and -2, LiDAR DEM, and SRTM DEM
data products. The input variables derived from these products and used to generate the Probability of
Wet Area layer are shown in Table 1. All input layers were resampled to a common resolution of 10m
for spatial modelling.
Model training data were taken from the AVIE data set (Alberta Environment and Parks, previously
ESRD, 2016). These land cover polygons were classified into wet and dry pixels based on the
“MOIST_REG” (moisture regime) field (AVIE, 2016). Aquatic or wet moisture regimes (AVIE, 2016) were
classified as wet and the remaining polygons were classified as dry. These wet/dry polygons were then
transformed into a 10m resolution raster format to match the input data (Table 1). The training data
and satellite-based input variables were then entered into a boosted regression tree model (Elith et al.,
2008) and run in R Statistical Software (R Core Team, 2013). To prevent statistical overfitting of the data
to the training data and spatial auto-correlation, the models were built with approximately 400 random
points spaced at least 5km apart. Each model was then run 40 times to get representative sampling of
points across the LAR. The probability of wet was then predicted with the 40 models, and the mean
probability of these 40 models was calculated.
Table 1: List of variables used in the probability of wet area model
Variable
Data source
Equation
Description
Band 2
Sentinel-2
Blue region band
Band 3
Sentinel-2
Green region Band
Band 4
Sentinel-2
Red region band
Band 8A
Sentinel-2
Near infra-red region band
NDVI
Sentinel-2
(Band 8A – Band 4)/
Normalized Difference Vegetation Index. Index for estimating
(Band 8A + Band 4)
photosynthetic activity, and leaf area (Rouse et al., 1973).
NDWI
Sentinel-2
(Band 8A – Band 11)/
Normalized Difference Water Index. Index for estimating water
(Band 8A + Band 11)
content (Gao, 1996).
VH
Sentinel-1
VH (vertical sending horizontal receiving) polarization of Sentinel-1
VVSD
Sentinel-1
The temporal standard deviation of a VV (vertical sending vertical
receiving) Sentinel-1 image stack
POL
Sentinel-1
(VH – VV) / (VH + VV)
Normalized polarization ratio from the two polarizations of a
Sentinel-1 image
TWI
LiDAR, SRTM
Saga Wetness Index. A SAGA (Conrad et al., 2015) version of the
DEMs
Topographic Wetness Index. Potential wetness of the ground
based on topography (Böhner et al., 2002).
TPI
LiDAR, SRTM
Topographic Position Index (TPI) generated in SAGA (Conrad et al.,
DEMs
2015). An index describing the relative position of a pixel within a
valley, ridge top continuum calculated in a given window size. TPI
was calculated with a 500m moving window for this purpose
(Weiss, 2001).

The Human footprint classes, cultivation, urban, mines, industry, and high density livestock operations
from the ABMI Human Footprint Inventory 2014 (Alberta Biodiversity Monitoring Institute, 2017), were
removed from the probabilistic model and manually assigned a probability of wet equal to 0. Water
pixels were also removed from the model and water was inserted from the water classification model
and given a wet probability equal to 1.
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A cross-validation accuracy assessment between the modeled results, AVIE, and the ABMI 3x7 photoplots (Alberta Biodiversity Monitoring Institute, 2016) was done by generating 200,000 random points in
the LAR. Any modeled wet probability value greater than or equal to 0.5 was defined as wet, and any
value less than 0.5 was defined as dry. The 200,000 points were used to extract values from the
probabilistic model, AVIE, and ABMI 3x7s, and no data values were removed. Using this sample point
data, a traditional accuracy test was done along with a confusion matrix, and kappa statistic. The entire
methodology is provided in Figure 1.
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Figure 1: Flow chart of the LAR Wet Area probabilistic model development and evaluation.

6. Results
Figure 2 shows the results from the Wet Area probabilistic model. The figure shows that cultivation in
the south and Athabasca oil sands development have a 0 probability of being wet, while water bodies
have a probability of 1 being wet. According to these data, the LAR is made up of 49.2% dry habitat,
43.2% wet habitat, and 7.6% open surface water.
8
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Figure 3 shows the response curves of all 11 variables against wet area probability. These response
curves demonstrate how a probability of wet area is determined for every pixel. For example, if a pixel
has a high value of TWI, VVSD, NDWI and a low value of TPI, VH, and NDVI (Table 1) then this pixel will
have a very high probability of being a wet area. On the other hand if a pixel has a low value of TWI, TPI,
VVSD, and NDVI the individual probabilities will be in conflict and a final probability will likely be around
0.5.
Tables 2 and 3 show the results from the cross-validation accuracy assessment with AVIE and ABMI 3x7
photo-plots, and Table 4 shows the AUC (Area Under Curve – a statistic of model performance) of the
model and the Kappa statistics (a more robust accuracy assessment taking into account the agreement
of classes occurring by chance) of the cross-validations. The overall accuracy was 80% to both AVIE and
ABMI 3x7s.
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Figure 2: Probability of Wet Area for the Lower Athabasca region with summary of areas and comparison to SPOT6 2015
imagery in the inset images.
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Figure 3: The partial dependence response curves of all 11 variables and their relation to probability of wet area. The
green line represents the mean response averaged across 40 iterations while the grey bounds represent the standard
deviation of response calculated across the 40 iterations.
Table 2: Cross-validation accuracy assessment confusion matrix of wet
probability compared to AVIE. Total accuracy is shown in the bottom
right in bold.
Dry

Wet

User Accuracy

Dry

46154

11418

0.802

Wet

12711

52043

0.804

Producer Accuracy

0.784

0.820

0.803
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Table 3: Cross validation accuracy assessment confusion matrix of
wet probability of compared to ABMI 3x7 photo-plots. Total
accuracy is shown in the bottom right in bold.
Dry

Wet

User Accuracy

Dry

3873

568

0.872

Wet

1287

3491

0.730

Producer Accuracy

0.750

0.860

0.799

Table 4: Kappa statistics and AUC of model
Kappa statistic of AVIE cross validation
Kappa statistic of ABMI 3x7 cross validation
AUC of boosted regression tree model

0.604
0.599
0.860
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