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1.0 Purpose 

Ducks Unlimited Canada (DUC) was contracted by the Canadian Parks and Wilderness Society (CPAWS) 
Manitoba Branch to calculate estimates of soil organic carbon mass stored in the watersheds of the 
Fisher River Cree Nation Conservation Areas Initiative Study Area. The following presents the data and 
procedures used, along with the results of the analysis. 

2.0  List of Acronyms 

AAFC Agriculture and Agri-Food Canada 
CanVec Canada Vector Dataset 
CPAWS Canadian Parks and Wilderness Society 
DUC Ducks Unlimited Canada 
EOSD Earth Observation for Sustainable Development 
HWL Hybrid Wetland Layer 
POC Peatlands of Canada Dataset 
SOCC Soil Organic Carbon of Canada Digital Dataset 
USEPA United States Environmental Protection Agency 

 

3.0  Study Area 

The Fisher River Cree Nation identified the Study Area as an area of importance. It is situated in the 
interlake region of Manitoba nestled along a 150 km stretch of the southwestern coast of Lake Winnipeg 
(within 50.9° to 52.3° latitude and -96.5° to -97.9° longitude). It is on Treaty 2 land and encompasses the 
Fisher River Cree Nation along with the Kinonjeoshtegon and Peguis First Nations. It falls entirely within 
the Boreal Plains Ecozone between the Prairie and the Canadian Shield Ecozones. The soil organic 
carbon analysis was conducted on the 11 watersheds used by CPAWS as comment zones (Figure 1), that 
overlap the Notice Area. These 11 watershed comment zones are composed of the Manitoba Gross 
Watersheds (2005) while the smaller watersheds within comment zones 7 and 10 were grouped 
together to create two larger comment zones rather than 12 smaller ones. These gross watersheds are 
based on Agriculture and Agri-Food Canada’s (AAFC) hydrometric gauging stations and their gross 
drainage area boundaries. 

4.0 Data 

AAFC has developed some national scale datasets for estimating soil organic carbon. The first is the Soil 
Organic Carbon of Canada (SOCC), which was developed on their Soil Landscapes of Canada polygons. It 
includes soil organic carbon densities from both mineral and organic soils averaged across the land 
portion of a polygon. The second dataset, the Peatlands of Canada (POC), is an update the peatland 
portion of the previous. In this dataset peatland soil profiles are used and the proportion of each 
polygon covered by bog, fen, marsh, and swamp is reported. This dataset doesn’t account for mineral 
wetland soils or upland soils as the SOCC dataset does. 

When it comes to national scale wetland cover, the Hybrid Wetland Layer (HWL) is the most 
comprehensive wetland dataset within DUC. It uses the Earth Observation for Sustainable Development 
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(EOSD) land cover dataset for Canada and overlays in the Canada Vector (CanVec) Waterbodies from 
Natural Resources Canada. The resulting raster dataset represents open water bodies, wetlands, and 
uplands. This dataset covers the entire boreal zone of Canada. 

Given that peatlands have deep carbon rich soils compared to mineral soils (Tarnocai and Lacelle 1996, 
Zoltai et al., 2000), the peatland portion of the carbon estimate is the primary focus of this report. 
Therefore, DUC chose to use the POC polygons with the peatland percent and peatland carbon densities 
as the main inputs for the carbon estimates. The open water and mineral wetland cover from the HWL 
was summarized into the POC polygons to estimate the remaining mineral wetland carbon stocks. This 
combined soil organic carbon layer is referred to as the Hybrid Carbon Layer. 

5.0 Methods 

All work was performed in ArcGIS 10.7 
with the Canada Albers Equal Area 
Conic NAD83 projection. The spatial 
framework of the Hybrid Carbon Layer 
consists of the POC polygons. Using the 
POC and the HWL, the total area of 
each POC polygon was split into 9 
cover classes (Table 1).  The ‘Tabulate 
Area’ tool was used to calculate the 
area of the open water and wetland 
classes from the HWL within each POC 
polygon, which was then converted to 
a proportion of the total polygon. The 
four POC peatland classes and a rock 
cover (bare earth) class were already 
present in the polygons of the dataset.  

It is expected that using the total percent of each cover class as shown in Table 1 would produce a total 
polygon percent larger than 100 since the methods used to estimate the cover classes in the two 
datasets differ (i.e. one dataset may estimate more wetlands than another). To adjust for the difference 
in dataset cover estimates, an additive approach was used, starting with the proportion of the class we 
have the highest confidence in and adding the class with the next greatest importance to the carbon 
estimate one at a time until 100% of the polygon was reached.  

Of all the cover classes, Open Water is the easiest to map due to its optical properties in the source 
imagery, and therefore is the most reliable cover estimate within each polygon. The analysis started by 
assigning the Open Water cover proportion as calculated from the HWL to each polygon. Then the total 
proportion of the four peatland classes were added, as these are typically the most significant landscape 
carbon stocks. The next class added was Mineral Wetlands. Since the HWL wetland class includes both 
peatland and mineral wetlands in one general wetland class, the total peatland percent of the POC was 
subtracted from the wetland class of the HWL to estimate total extent of mineral wetlands remaining. 
The resulting mineral wetland area estimates were added to the polygon total. If the total polygon area 
was exceeded, mineral wetland area was estimated by subtracting the sum of open water and peatland 

Table 1: Cover Class Data Sources. The nine cover classes of the Hybrid 
Carbon Layer and the dataset used to derive the percent area and carbon 
content. 

Cover Class Total Area 
Derived From: 

Carbon Densities 
Derived From: 

Open Water HWL Brigham et al. 2006 
Fen Peatlands POC POC 
Bog Peatlands POC POC 
Marsh Peatlands POC POC 
Swamp Peatlands POC POC 
Mineral Wetland HWL Brigham et al. 2006 
Rock (Bare Earth) POC N/A 
Upland Remaining Badiou and 

Witherly, 2015 
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areas from the total polygon area and assumed the remainder represented mineral wetlands. The next 
class added was the rock cover from the POC. If the total polygon area was exceeded, then the total 
cover from all wetland types was subtracted from the polygon area and the remainder was classified as 
rock. All remaining polygon area was classified as upland. 

Soil organic carbon densities for each cover class was used from a combination of data sources as 
described in Table 1. The POC dataset had soil profiles associated with each peatland type in each 
polygon. To calculate the total density, depth was multiplied by, bulk density and organic carbon 
percent of each horizon and all horizons were added for the full soil core. The resulting densities were 
applied to the peatland class for that polygon. The open water and mineral wetland classes received a 
general mineral wetland carbon density of 289 tonnes/ha based on sampled freshwater mineral soils 
average in Brigham et al. 2006. As for upland soils, a general carbon density of 157.85 tonnes/ha was 
used based on mean upland soil carbon estimates for Canada in Badiou and Witherly 2015. 

Using the total hectares of each cover class multiplied by the soil organic carbon density of the cover 
class in each polygon, the total mass was calculated in tonnes of carbon for each polygon. We converted 
the mass of carbon to carbon dioxide using the standard conversion factor of 3.666. Carbon dioxide was 
further converted into the number of standard passenger vehicles annual emissions equivalent 
assuming that a typical passenger vehicle emits 4.6 metric tonnes of carbon dioxide per year (USEPA, 
2018). 

6.0 Results 

The Fisher River Cree Nation Conservation Areas Initiative Study Area watershed comment zones 
contain an estimated combined 360.7 million tonnes of soil organic carbon, which is equivalent to the 
emissions of 287.4 million typical passenger vehicles annually (Table 2).  Bogs contribute the most 
carbon with 112.6 million tonnes followed by 104.3 million tonnes from fens, 67.5 million tonnes from 
uplands, 61.6 million tonnes from mineral wetlands, and 14.6 million tonnes from open water bodies 
(Table 3). Out of the 11 watershed comment zones, zone 1 has the highest soil organic carbon density of 
622 tonnes/ha followed by zone 2 and 3 at 583 and 557 tonnes/ha respectively (Table 2). Zones 7, 10, 
and 11 have the lowest soil organic carbon density at 304, 233, and 263 tonnes/ha respectively (Table 
2).  

Table 2: Watershed Soil Organic Carbon and Equivalents. 
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Table 3: Watershed Soil Organic Carbon by Wetland Type. 
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Figure 1: Soil organic carbon density in the eleven Fisher River Cree Nation Conservation Areas Initiative Study Area comment 
zones. 
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