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1 Summary 

The science or quantification framework of the Wetlands Conservation and Restoration 
Protocol (ά²ŜǘƭŀƴŘǎ tǊƻǘƻŎƻƭέύΣ ŀǎ ǇǊƻǇƻǎŜŘ ƛƴ ǘƘƛǎ 5ƛǎŎǳǎǎƛƻƴ 5ƻŎǳƳŜƴǘΣ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ 
criteria of the ISO 14064-2 standard, and is designed according to the requirements of the 
Alberta Offsets System.  An important frame of reference for further development of the 
quantification aspects of the Wetlands Protocol is the experience gained by Ducks Unlimited 
Canada and other agencies through completion of conservation and restoration projects.  And, 
this Quantification Discussion Document is prepared as a companion to the Implementation 
Discussion Document. 

The Discussion Document provides discussion points pertaining to quantification of net GHG 
removals in conserved and restored wetlands.  /ŀƴŀŘŀΩǎ bŀǘƛƻƴŀƭ LƴǾŜƴǘƻǊȅ wŜǇƻǊǘ ŘƻŜǎ ƴƻǘ 
provide a method to complete this quantification, so the emphasis is on compilation and 
interpretation of scientific evidence relevant to the seasonal or semi-permanent wetlands on 
mineral soil of the Prairie Pothole Region.   

This Discussion Document identifies, describes, and assesses for relevance the GHG sources, 
sinks, and reservoirs within the scope of the proposed Wetlands Protocol.   

The Discussion Document compiles the comprehensive research results reported by credible 
research organizations are available to assess the net GHG reductions and removals associated 
with conservation and restoration of wetlands of the Prairie Pothole Region.  Previously 
published research provides evidence the conserved or restored wetlands sequester more soil 
organic carbon than do drained and cultivated wetlands.  Recent research achieved through the 
Agriculture and Wetlands Greenhouse Gas Initiative (AWGI) provides evidence that, 
standardized in terms of CO2e, the flux of methane and nitrous oxide associated with conserved 
or restored wetlands is small relative to the sequestered carbon. 

The Discussion Document addresses the difficulty of developing detailed documentation for the 
procedures and controls needed to delineate, conserve or restore, and monitor the activities to 
be prescribed under the proposed Wetlands Protocol.  Several options for further development 
are proposed in preparation for the Consultation Workshop. 

2 Introduction 

This Discussion Document is a continuation of past work to assess the potential for a wetlands 
conservation and restoraǘƛƻƴ ǇǊƻǘƻŎƻƭ όάWetlands ProtocolέύΦ  ¢ƘǳǎΣ ǘƘŜ Discussion Document 
represents Phase 2 of the development of a protocol to quantify greenhouse gas ("GHG") 
emission reductions associated with restoration of drained wetlands and conservation (avoided 
drainage) of existing wetlands in the Prairie Pothole Region.  In Phase 1, it was determined that 
existing data and discussions within the scientific community appear to support the consensus 
of opinion that wetlands conserved or restored in the Prairie Pothole Region represent net 
GHG sinks.  However, it was also determined that further development and consultation is 
required to clarify issues of implementation and quantification associated with the proposed 
Wetlands Protocol. 
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In protocol development efforts under the defunct National Offsets Quantification Team and 
within the required process for protocol approval of the Alberta Offsets System, the policy or 
implementation requirements as well as the science or quantification requirements of a 
protocol are typically addressed in a single Science Discussion Document.  However, the Phase 
1 efforts for the development of the proposed Wetlands Protocol determined the need for 
separate Discussion Documents for the implementation and quantification components.  The 
main reason for this separation is the unusually complex nature of the development effort 
required for the quantification component for the proposed Wetlands Protocol.  That is, since 
no quantification approach for wetlands conservation and restoration is incƭǳŘŜŘ ƛƴ /ŀƴŀŘŀΩǎ 
National Inventory Report, the Wetlands Protocol quantification approach must be developed 
on the basis of research data and expert judgment.  This Quantification Discussion Document 
addresses the consultation needed to develop the science or quantification component of the 
Wetlands Protocol. 

The Implementation Discussion Document provides a comprehensive discussion of the 
fundamental framework and content of the proposed Wetlands Protocol.  Thus, the 
Quantification Discussion Document should be read as a companion piece to the 
Implementation Discussion Document, focusing on the details of quantifying GHG reductions 
and removals associated with conservation and restoration of wetlands in the Prairie Pothole 
Region of Canada.   

The science is emerging regarding quantification of emissions of GHG from conserved and restored 
wetlands, and from the pristine and agricultural lands surrounding these wetlands.  Therefore, this 
draft Quantification Discussion Document focuses on discovering and supporting consensus among 
scientific researchers and technical practitioners concerning quantifiable and verifiable 
conservation and restoration practices and GHG quantification methodologies to meet the emission 
reductions criteria of ISO 14064-based North American GHG programs.  The researchers and 
practitioners will gather at a Consultation Workshop where consensus will be sought based on 
questions posed in this Quantification Discussion Document.  ClimateCHECK prepared draft 
documents for review by a Technical Working Group to develop this final version of the 
Quantification Discussion Document for distribution to Workshop participants.  The members of the 
Technical Working Group are: 

 Cynthia Edwards, Ducks Unlimited Canada, Technical Lead; 

 Tanya Maynes, Climate Change Central, Project Coordinator; 

 Pascal Badiou, Ducks Unlimited Canada; 

 Rick Bourbonniere, Environment Canada; 

 Tom Goddard, Alberta Agriculture and Rural Development; 

 Bob MacFarlane, Prairie Habitat Joint Venture; 

 Leslie Wetter, Ducks Unlimited Canada; 

 Rob Janzen, ClimateCHECK. 
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NOTE:  The Discussion Points are provided in this Science Discussion Document to frame 
the range of options available to develop the proposed Wetlands Conservation and 
Restoration Protocol, and to introduce the types of decisions participants in the 
Consultation Workshop may be asked to address.  The Discussion Points provided will 
not necessarily become voting options at the Consultation Workshop.   

 

The process of discovering consensus at the Consultation Workshop was introduced by the 
National Offsets Quantification Team and has been further refined in the development of 
protocols for the Alberta Offset System.  Since no quantification approach for wetlands 
ŎƻƴǎŜǊǾŀǘƛƻƴ ŀƴŘ ǊŜǎǘƻǊŀǘƛƻƴ ƛǎ ƛƴŎƭǳŘŜŘ ƛƴ /ŀƴŀŘŀΩǎ bŀǘƛƻƴŀl Inventory Report, however, it is 
important to reiterate the principles underlying the process of discovery science-based 
consensus.  These two principles described as follows: 

 

PRINCIPLE 1:  It is important to note the proposed Wetlands Protocol is designed to achieve 
ΨŀŎŎǳǊŀŎȅ ƛƴ ŀƎƎǊŜƎŀǘŜΩΦ  ¢Ƙŀǘ ƛǎΣ ǘƘŜ ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ ƻŦ DID ŜƳƛǎǎƛƻƴǎ ǳǎƛƴƎ ǘƘŜ proposed 
Protocol is not intended to achieve the site-specific predictive capability of a process model.  
General relationships between Protocol practices and emission reductions can be 
determined by expert judgment based on integration of empirical data, but these 
relationships, and the reductions derived from them, will not hold under all time- and site-
specific circumstances.  Thus, the development of a quantification approach for the 
Wetlands Protocol ƛǎ ǎƛƳƛƭŀǊ ǘƻ ǘƘŜ ŘŜǊƛǾŀǘƛƻƴ ƻŦ ŎƻŜŦŦƛŎƛŜƴǘǎ ŦƻǊ ǘƘŜ /ŀƴŀŘŀΩǎ bŀǘƛƻƴŀƭ 
Inventory Report; namely, general trends evident in empirical data can be applied to achieve 
generally accurate assessment of GHG emissions and reductions. 

 

PRINCIPLE 2:  At the Consultation Workshop, consensus will be sought for each Discussion 
Point, along with an opinion concerning the degree of uncertainty associated with the 
information upon which the decision is based.  Discussion Points receiving a consensus 
opinion, defined as 80% agreement among designated scientific participants, will be the 
foundation for further development of the Wetlands Protocol.  Thus, the Workshop is 
ŘŜǎƛƎƴŜŘ ǘƻ ǎŜǊǾŜ ŀǎ Ψƛƴ-ǇŜǊǎƻƴ ǇŜŜǊ ǊŜǾƛŜǿΩΣ ǿƘŜǊŜ ǘƘŜ ŎƻƭƭŜŎtive experience and expertise 
of the designated scientific participants is the authority for decisions.  Usually, this will mean 
the scientific participants will be asked to interpret and apply evidence presented in the 
peer-reviewed literature.  But, in some instances the designated scientific participants will 
be asked to use their judgment to fill gaps in the published scientific literature.   

3 Background  

The objective of this Quantification Discussion Document is to address the consultation 
required to discover consensus concerning quantification elements of developing a GHG 
management protocol for wetlands within the Prairie Pothole Region.  The Prairie Pothole 
Region is defined as a physiographic zone covered by isolated wetlands in North America that 
encompasses parts of Saskatchewan, Alberta and Manitoba in Canada as well as parts of North 
Dakota, South Dakota, Montana, Minnesota, and Iowa in the U.S.A.  There are five classes of 
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Prairie Pothole Region wetlands, which include: (1) ephemeral ponds that are flooded for a few 
days in the spring; (2) temporary ponds that are flooded for a few weeks in the spring; (3) 
seasonal ponds flooded for a few months but normally drying up by late summer; (4) semi-
permanent ponds that are flooded throughout most years but are dry during drought periods; 
(5) permanent ponds that are flooded continuously, except possibly during drought periods.   

Wetlands conserved or restored in the Prairie Pothole Region have the potential to act as 
excellent stores of carbon as they tend to be highly productive ecosystems in terms of annual 
net primary productivity, and have anaerobic conditions that slow the rate of decomposition.  
In addition, the water column and upper sediment layers of most prairie wetlands are frozen 
for a substantial part of the year, further reducing biological activity and decomposition rates.  
In terms of GHG flux, wetlands can act as a source of methane from the submerged basin and 
of nitrous oxide from the margins. 

In contrast, drained and degraded wetlands and wetland margins have altered carbon balance 
and GHG dynamics.  Emissions of methane are decreased, but accelerated decomposition 
associated with drained basins results in a net decrease of stored organic matter.  Nitrogen 
additions in runoff and groundwater associated with improper management of the upland 
catchment enhance emissions of N2O from degraded margins and drained basins.   

The purpose of the Quantification Discussion Document is to discover consensus concerning the 
carbon dynamics and GHG flux associated with the conservation and restoration of wetlands in 
the Prairie Pothole Region as prescribed in the proposed Wetlands Protocol.  The options 
presented in this Discussion Document will facilitate the establishment of a method to quantify 
net carbon removal and net GHG reductions associated with conservation and restoration of 
Prairie Pothole Region wetlands. 

There are several aspects to the assessment of the scientific knowledge concerning the net 
GHG emissions and reductions/removals associated with the activities of the proposed 
Wetlands Protocol.  As presented in the Implementation Discussion Document, the policy or 
implementation element of the proposed Wetlands Protocol is innovative.  Similarly, and as 
guided by this Quantification Discussion Document, emerging science concerning the net 
carbon dynamics and GHG flux of conserved and restored wetlands in the Prairie Pothole 
Region will require the interpretation of consulted experts to derive a credible quantification 
element in the development of the proposed Protocol. 

3.1 /ŀƴŀŘŀΩǎ National Inventory Report 

/ŀƴŀŘŀΩǎ bŀǘƛƻƴŀƭ LƴǾŜƴǘƻǊȅ wŜǇƻǊǘ relies on International Panel for Climate Change (IPCC) 
guidance, and in some cases refines IPCC coefficients and factors using country-specific data 
and expert judgment.  To date, IPCC has not published guidance concerning GHG emissions 
from conserved and ǊŜǎǘƻǊŜŘ ǿŜǘƭŀƴŘǎ ŀƴŘ /ŀƴŀŘŀΩǎ bŀǘƛƻƴŀƭ LƴǾŜƴǘƻǊȅ wŜǇƻǊǘ ŘƻŜǎ ƴƻǘ 
address this kind of land use change.   

Wetlands are addressed under the Land Use, Land Use Change and Forestry (LULUCF) section in 
/ŀƴŀŘŀΩǎ bŀǘƛƻƴŀƭ LƴǾŜƴǘƻǊȅ wŜǇƻǊǘΦ  ¢ƘŜ [¦[¦/C {ŜŎǘƻǊ ŀŘŘǊŜǎǎŜǎ DID ŦƭǳȄŜǎ ōŜǘǿŜŜƴ ǘƘŜ 
ŀǘƳƻǎǇƘŜǊŜ ŀƴŘ /ŀƴŀŘŀΩǎ ƳŀƴŀƎŜŘ ƭŀƴŘǎΣ ŀǎ ǿŜƭƭ ŀǎ ǘƘƻǎŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƭŀƴŘ-use changes.  A 
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LULUCF assessment includes emissions and removals of CO2, and additional emissions of CH4 
and N2O following land conversion to cropland. 

In this regard, wetlands are addressed within the LULUCF framework in terms of emissions 
changes when wetlands remain wetlands and when land is converted to wetlands.  Within the 
[¦[¦/C ŦǊŀƳŜǿƻǊƪΣ ǿŜǘƭŀƴŘǎ ŀǊŜ ŘŜǎŎǊƛōŜŘ ŀǎ άŀǊŜŀǎ ǿƘŜǊŜ ǇŜǊƳŀƴŜƴǘ ƻǊ ǊŜŎǳǊǊŜƴǘ ǎŀǘǳǊŀǘŜŘ 
conditions allow the establishment of vegetation and soil development typical of these 
conditions and that are not already in forest landΣ ŎǊƻǇƭŀƴŘΣ ƻǊ ŀƎǊƛŎǳƭǘǳǊŀƭ ƎǊŀǎǎƭŀƴŘǎέΦ  5ǳŜ ǘƻ 
this exact classification of wetlands, wetlands currently situated within agricultural land in the 
Prairie Pothole Region cannot be addressed simply as wetlands, but must fall under the 
additional category oŦ άƳŀƴŀƎŜŘ ǿŜǘƭŀƴŘǎέΦ  aŀƴŀƎŜŘ ǿŜǘƭŀƴŘǎ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎ ŀǊŜŀǎ ǿƘŜǊŜ 
human interventions have altered the water table (e.g. draining of wetlands in the Prairie 
Pothole Region for cropland).   

Additionally, within the LULUCF framework wetlands are further categorized as either managed 
peatlands or flooded lands (reservoirs).  Given that wetlands within the Prairie Pothole Region 
of Canada are either drained for cropland use, or exist in their natural state (not considered a 
peatland, and only flooded for parts of the year), a quantification approach is needed to 
address the unique physiological characteristics of these mineral wetlands.   

The Canadian National Inventory Report addresses GHG emissions from wetlands as follows; 

 In accordance with IPCC guidance (IPCC 2006), two types of managed wetlands are 
considered; 
o Where human intervention has directly altered the water table level and thereby the 

dynamics of GHG emissions/removals. 
o Peat lands that are drained for peat harvesting; and flooded land (namely, the 

creation of reservoirs). 

 GHG emissions from cropland and grassland converted to wetlands are not estimated in 
the national inventory. 

¢ƘŜ Lt//Σ ǿƘƛŎƘ ƎǳƛŘŜǎ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ /ŀƴŀŘŀΩǎ bŀǘƛƻƴŀƭ LƴǾŜƴǘƻǊȅ wŜǇƻǊǘΣ ƴƻǘŜǎ ǘƘŀǘ 
restoration of wetlands is becoming a more prevalent land management change.  But, in the 
Ƴƻǎǘ ǊŜŎŜƴǘ Lt// ƎǳƛŘŜƭƛƴŜǎΣ ǘƘƛǎ ŀŎǘƛǾƛǘȅ ƛǎ ǎŜǘ ŀǎƛŘŜ ŦƻǊ ΨŦǳǘǳǊŜ ƳŜǘƘƻŘƻƭƻƎƛŎŀƭ ŘŜǾŜƭƻǇƳŜƴǘΩΦ  
The following excerpt summarizes the status of conserved and restored wetlands in IPCC (IPCC 
2006, p. 7.22):  
 

At the time of preparation of these Guidelines, published studies based on observational data are too 
recent and limited to develop default emission factors for any of the major greenhouse gases--- CO2, CH4 
or N2O. Better understanding of the biogeochemical fluxes within drainage basins will be needed to 
prevent double-counting emissions due to fertilizer application and waste treatment. Hence, the 
estimation of greenhouse gas emissions and removals from restored or constructed wetlands remains an 
area for further development. 

 
!ƭǘƘƻǳƎƘ /ŀƴŀŘŀΩǎ bŀǘƛƻƴŀƭ LƴǾŜƴǘƻǊȅ ǊŜǇƻǊǘ ǎƘƻǳƭŘ ōŜ ŎƻƴǎǳƭǘŜŘ ŀƴŘ ŎƻƴǎƛŘŜǊŜŘ ǿƘŜƴ 
developing GHG quantification guidelines and programs in Canada, it relies on IPCC guidance, 
and therefore does not appear to address wetland conservation and restoration activities in the 
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specialized manner needed for development of a Wetlands Protocol.  It is important to note 
current land-based quantification protocols approved for the Alberta Offset System, and those 
submitted for initial consideration to /ŀƴŀŘŀΩǎ hŦŦǎŜǘ {ȅǎǘŜƳΣ ǳǎŜ ŦŀŎǘƻǊǎ ŀƴŘ Ŝǉǳŀǘƛƻƴǎ ŘŜǊƛǾŜŘ 
ōȅ ǎŎƛŜƴǘƛǎǘǎ ǊŜǎǇƻƴǎƛōƭŜ ǘƻ ǇƻǇǳƭŀǘŜ /ŀƴŀŘŀΩǎ bŀǘƛƻƴŀƭ LƴǾŜƴǘƻǊȅ wŜǇƻǊǘΦ   

3.2 Agriculture and Wetlands Greenhouse Gas Initiative (AWGI) 

A significant and ongoing research program pertinent to the quantification of GHG emissions 
and potential GHG reductions in wetlands of Canada is the Agriculture and Wetlands 
Greenhouse Gas Initiative (AWGI). Major funding for this initiative is provided by Agriculture 
and Agri-Food Canada, Environment Canada, Natural Resources Canada, Ducks Unlimited 
Canada, and Natural Resources Engineering Research Council of Canada/BIOCAP Strategic 
Grant.  This project uses a landscape approach to examine the functional linkages between 
prairie wetlands, riparian areas and their adjacent agricultural fields in terms of carbon 
sequestration and greenhouse gas (GHG) flux.  The major objectives of this project include: 

 A quantitative assessment of the role of prairie wetlands and riparian areas as net 
carbon sinks, including carbon storage and GHG emissions. 

 Recommendations for beneficial management practices for agricultural land adjacent to 
wetlands that will enhance the carbon sink potential of uplands, riparian areas, and 
wetlands. 

 Development of support systems based on partnerships to assist landowners with GHG 
management of their wetlands. 

As the AWGI project was completed in 2009, few of the research results have been published as 
yet in the peer-reviewed literature.  A synthesis of this research will be provided by Pascal 
Badiou at the Consultation Workshop.  Graduate theses, conference presentations, progress 
reports have been completed, and some final results have been compiled and shared among 
collaborators.   

The data and decisions from the AWGI project were used to quantify GHG emission reductions 
and removals for the BrƻǳƎƘǘƻƴΩǎ /ǊŜŜƪ ǇǊƻƧŜŎǘ in Manitoba (see file, Brochure-Manitoba 
.ǊƻǳƎƘǘƻƴΩǎ /ǊŜŜƪΦǇŘŦΣ ŀŎŎƻƳǇŀƴȅƛƴƎ ǘƘƛǎ vǳŀƴǘƛŦƛŎŀǘƛƻƴ 5ƛǎŎǳǎǎƛƻƴ 5ƻŎǳƳŜƴǘ).  This project 
assessed GHG fluxes and sequestration of soil organic carbon in paired restored and intact 
wetlands to derive net removal of CO2e associated with wetland restoration, as well as to 
estimate the annual rate of this removal.  The project in Manitoba estimated GHG emissions 
associated with the watershed-level loss of wetlands since 1968, and predicted the mass of 
GHG removals which could be accomplished if 25% of the drained wetlands in southwestern 
Manitoba were restored.  

3.3 General Scientific Literature: 

Most scientific literature addresses carbon dynamics and GHG flux for permanent wetlands 
with organic soils (including peatlands), while the wetlands in the Prairie Pothole Region tend to 
be seasonal or semi-permanent on mineral soil.  Mitsch and Gosselink (2007) conclude, using 
average global carbon sequestration and methane emission estimates, άǘƘŜ ƻǾŜǊŀƭƭ ƛƳǇŀŎǘ ƻŦ 
wetlands ƻƴ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ƛƴ ǘƘŜ ŎŀǊōƻƴ ŎȅŎƭŜ ƛǎ ƳƛƴƛƳŀƭέΦ  
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Thus, an important consideration in reviewing current scientific literature concerning wetlands 
is to distinguish between wetlands on organic and mineral soils.  The existing peer-reviewed 
literature, with a focus on the wetlands in temperate climates and on mineral soils, appears to 
support the conclusion that there would be a net decrease in GHG emissions and net increase 
in carbon sequestration associated with wetland conservation and restoration projects in the 
Prairie Pothole Region.  The introductory report by the Prairie CO2 Reduction (PCOR) 
Partnership (Gleason et al. 2005) emphasizes the evaluation of net GHG emissions associated 
with conservation and restoration activities in the Prairie Pothole Region needs to use data and 
knowledge specific to this region.  The following excerpt highlights this distinctive character, 
and therefore the limited knowledge base, concerning wetlands in the Prairie Pothole Region 
(Gleason et al. 2005, page 14): 

Studies suggest that wetlands contribute 20% to 40% of the annual global atmospheric CH4 
 
flux; however, 

the lowest emissions come from temperate regions (10% of total wetland flux; Bartlett and Harriss, 1993) 
such as the PPR. Most studies demonstrating high emission of CH4 are from permanently inundated 
marshes and peatlands (Updegraff et al., 2001; Whiting and Chanton, 2001) where the combination of 
organic soils and lengthy periods of soil reduction maximize CH4 

 
production. In contrast, most restored 

prairie wetlands are only seasonally inundated and have mineral soils (Order Mollisols) that in 
combination are less conducive for CH4 production. Consequently, the notion that high CH4 emissions may 
come from prairie wetlands has been influenced by studies conducted outside the PPR. 

Further, Gleason et al. (2005) point out the breadth of knowledge required to understand GHG 
dynamics in degraded and functioning wetlands, pointing out the inter-relatedness of upland 
management and wetland GHG emissions.  An effective summary of the GHG-related 
opportunity and challenge concerning conservation and restoration of wetlands in the Prairie 
Pothole Region, despite current gaps in knowledge, is provided in the following excerpt for the 
PCOR report (Gleason et al. 2005, page 14-15):  

Although there are valid concerns over the release of CH4 and N2O emissions from restored wetlands, 
limited data suggest that restoration of previously farmed wetlands may actually reduce emission of these 
GHGs. Data from a glaciated region in northeastern Germany similar to the PPR suggests that enrichment 
of wetlands by nitrogen fertilizers and accelerated mineralization of soil organic matter elevates the 
emission of CH4

 
and N2O (Merbach et al., 2002). The emission of CH4 and N2O from German wetlands has 

been shown to increase up to 35-fold because of eutrophication of wetland basins by agricultural 
fertilizers. These findings from Germany are consistent with conceptual models and findings from field 
studies saying that nitrogen fertilization overloads the assimilative capacity of plants and microorganisms, 
resulting in enhanced emission of N2O (Davidson et al., 2000). Most wetlands in the PPR are embedded in 
an agricultural landscape where they receive agricultural runoff-laden sediment and agricultural fertilizers 
(Gleason and Euliss, 1998). Consequently, converting cultivated cropland to permanent grass within 
restored wetland catchments should reduce nutrient enrichment in restored wetlands and lower 
emissions of N2O and, possibly, CH4 from wetland basins. Any reduction in emissions of CH4

 
and N2O that 

results from restorations would represent an additional GHG reduction benefit. Currently, there is no 
published literature on emission of CH4

 
and N2O from PPR wetlands. However, studies have been initiated 

in the United States and Canada by PCOR Partnership partners to evaluate the potential of restored 
wetlands to reduce emissions of CH4

 
and N2O. 

The PCOR Partnership project, and the research ongoing and completed by members of PCOR, 
is a significant resource used to develop this Quantification Discussion Document.   

However, the most recent research (so recent as not yet published in the peer-reviewed 
literature) provides additional support to the conclusion that Prairie Pothole Region wetlands 
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serve as net sinks for GHGs.  These results originate from the Agriculture and Wetlands 
Greenhouse Gas Initiative (AWGI), and are presented in this Quantification Discussion 
Document for the peer-review achieved through the Consultation Workshop.   

4 Scope and Identification of SSs 

A part of the consultation concerning the development of the Wetlands Protocol which is 
relevant to the policy or implementation and to the science or quantification components is the 
scope of the proposed Protocol.  Thus, the scope of the proposed Wetlands Protocol is 
addressed in some detail in the Implementation Discussion Document.  Based on the 
knowledge compiled and considered in Phase 1 of development of the Wetlands Protocol, the 
proposed Protocol will address the emissions of CO2, CH4, and N2O from with the wetland, as 
well as from the riparian and upland zones associated with wetlands.  The Implementation 
Discussion Document addresses in detail the rationale for including management of the upland 
and margins, and this Quantification Discussion Document addresses further this 
comprehensive scope for the boundary of the proposed Wetlands Protocol.   

First, the scope of the proposed Wetlands Protocol must be designed to accommodate the 
inter-relatedness of upland management and wetland GHG emissions.  For example, the 
management of the upland will influence the hydrology of the catchment area of the wetland 
(Voldseth et al. 2007, Euliss et al. 2008, Gleason et al. 2008).  And, unless the upland is 
managed to prevent excess accumulation of soluble nitrogen in the soil, the potential exists for 
emissions of N2O from the wetland in sufficient magnitude to make the conserved or restored 
wetland a net source of emission reductions (Merbach et al. 2002, Gleason et al. 2005, Adams 
2007).  The Implementation Discussion Document provides the rationale to require upland 
management to be prescribed by appropriate GHG reduction protocols. 

Second, the scope of the proposed Wetlands Protocol must prescribe the eligible sequestration 
mechanisms.  In addition to the organic carbon sequestered in soils associated with wetlands, 
the carbon in above-ground biomass is in some cases promoted as a sink associated with 
conserved or restored wetlands (Gleason et al. 2005, Gleason et al. 2008).  In some protocols to 
quantify GHG reductions associated with avoided land management change (for example, 
protocols to reduce emissions from deforestation and degradation), carbon sequestered in 
biomass is accounted.  The Implementation Discussion Document provides the rationale to limit 
the proposed Wetland Protocol to quantification of soil organic carbon, and to consider using 
complementary protocols to address prospective reductions and removals associated with 
practices in the wetland margin and associated upland. 

Third, if establishing permanent cover is associated in the proposed Protocol with conservation 
or restoration of wetlands, the potential is introduced for a wider range of project conditions, 
and therefore a greater number of possible SSRs.  For example, if grass buffers are required 
around conserved or restored wetlands, will these be grazed?  If cattle are added to the project, 
emissions of enteric CH4 and manure N2O will need to be accounted.  And, if cattle are grazing, 
is fencing required?  If so, emissions associated with supplying and installing fencing materials 
may need to be addressed.  If grass buffers are used but cattle are excluded, will these possible 
buffers be used for hay?  If so, the energy associated with harvesting and transporting hay may 
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needed to be included in the project emissions.  Again, the Implementation Discussion 
Document addresses these considerations with rationale to require use of complementary GHG 
reduction protocols. 

Finally, the physical activities required to conserve or restore wetlands need to be defined, and 
the energy requirements of these determined.  According to Gleason et alΦ όнллрύΣ άWetland 
restoration generally consists of plugging drains and establishing permanent grasses in the 
ǎǳǊǊƻǳƴŘƛƴƎ ŎŀǘŎƘƳŜƴǘǎέΦ  The process of restoring wetlands is described comprehensively in 
ǘƘŜ 5ǳŎƪǎ ¦ƴƭƛƳƛǘŜŘ /ŀƴŀŘŀ ǇǳōƭƛŎŀǘƛƻƴΣ ά²ŜǘƭŀƴŘǎ ƻƴ aȅ [ŀƴŘǎΥ ! [ŀƴŘƻǿƴŜǊ DǳƛŘŜ for 
Restoring and MaintaininƎ ²ŜǘƭŀƴŘǎ ƛƴ !ƭōŜǊǘŀέ όǎŜŜ ŦƛƭŜΣ 5¦/-Guide to Restore Wetlands-
AB.pdf, accompanying this Quantification Discussion Document).  This restoration activity 
requires energy τ for every 100 L of diesel fuel used to complete the earthwork necessary to 
restore a wetland, about 0.275 Mg CO2e is emitted.  However, in the absence of restoration, 
the drained wetland would be expected to be cultivated τ under no till cropping in the 
Parkland ecoregion, about 0.116 Mg CO2e ha-1 year-1 is emitted from fuel combustion (Helgason 
et al. 2005).  Thus, the annual emission reductions associated with avoided farming are in the 
range of the one-time emissions associated with wetland restoration. 

The preliminary sources and sinks (SSs) for the baseline scenario are identified (Figure 1) and 
described (Table 1).  And, the preliminary SSs for the project condition are identified (Figure 2) 
and described (Table 2).   

To reiterate the discussion presented in the Implementation Discussion Document, the baseline 
scenario for the proposed Wetlands Protocol is a degraded or drained wetland.  This means 
that, even if a pristine wetland surrounded by properly managed upland exists, the expectation 
is that in the absence of a conservation project, the wetland would eventually be degraded or 
drained.  Thus, if an existing pristine wetland were conserved under the proposed Wetlands 
Protocol, the pristine state would be considered the project condition and the potentially 
degraded or drained state would be considered the baseline scenario.  And, if a wetland were 
restored, the baseline would be the degraded or drained state, and the project would be the 
restored state.   

 

Discussion point 4.a: The SSs identified and described for the baseline scenario 
(Figure 1, Table 1) of the proposed Wetlands Protocol are complete and accurate.   
 

Agree    Disagree  _____ 
 

 

Discussion point 4.b: The SSs identified and described for the project condition 
(Figure 2, Table 2) of the proposed Wetlands Protocol are complete and accurate.  
 

Agree    Disagree  _____ 
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Figure 1.  Diagram of SSs associated with the baseline scenario for the proposed Wetlands Protocol, a drained or degraded wetland. 

SSR#7 Mechanized 
Equipment 
Production 

& Distribution 

Crop or 
Forage 

SSR#9 Fertilizer & 
Lime Production 
 & Distribution Fertilizer  

Seed 

SSR#10 Crop 
Processing & 
Distribution 

Fuel 

Legend 

Related SSR Controlled SSR Energy or Material Flow 

SSR#6 Fuel  
Production & 

Transportation 

SSR#12 Herbicide 
Manufacture & 

Distribution 

SSR#5 Mechanized Equipment 
τ Energy Consumption for 

Crop Transportation 

SSR#1 Mechanized Equipment 
τ Energy Consumption  

SSR#3 Degraded Wetland 
Margin 

SSR#4 Degraded Wetland Basin 

SSR#11 Pesticide 
Manufacture & 

Distribution 

SSR#8 Seed  
Production 

& Distribution 

SSR#2 Upland Soil  

SSR#14 Fencing and Watering 
Materials and Installation 

Pesticide  

Herbicide  

SSR#13 Livestock Emissions 

 



 Quantification Discussion Document τ Wetlands Protocol 

Document No. 20090703 Version No. FINAL Page 13 10/03/2010 3:59 PM 

 

Table 1. Controlled, related, and affected SSs for the baseline scenario of the proposed Wetlands Protocol, a drained or degraded wetland. 

IDENTIFIER NAME DESCRIPTION CONTROLLED, 
RELATED OR 
AFFECTED 

SS1 Mechanized Equipment ς Energy 
Consumption for Farming 
Operations 

GHG emissions of CO2, CH4 and N2O are generated when mechanized equipment is used for 
cultivation, seeding, applying fertilizer, herbicide or pesticide, harvesting (swathing, 
combining, baling), and transporting crop products onsite.  This SSR also includes emissions 
associated with equipment and energy needed, if any, to alter the natural landscape to 
drain wetlands (i.e. create drainage passages). 

Controlled 

SS2 Upland Soil  GHG dynamics (net flux of CO2, CH4 and N2O, and including net SOC sequestration if 
occurring) associated with upland soils.  This soil may be cropped or in perennial forage. 

Controlled 

SS3 Degraded Wetland Margin  GHG dynamics (net flux of CO2, CH4 and N2O) associated with degraded margin soils.   Controlled 

SS4 Degraded Wetland Basin GHG dynamics (net flux of CO2, CH4 and N2O) associated with wetlands degraded and 
cropped.   

Controlled 

SS5 Mechanized Equipment ς Energy 
Consumption for Crop 
Transportation  

GHG emissions of CO2, CH4 and N2O are associated with the offsite transportation of crop 
or crop products, including forages, to the point of sale or final use.  

Controlled 

SS6 Fuel Production and Transportation GHG Emissions of CO2, CH4 and N2O are generated from the upstream exploration, 
production processes and distribution of diesel and other fuels. 

Related 

SS7 Materials and Equipment Production 
and Distribution 

GHG emissions of CO2, CH4 and N2O are generated from the input of materials and energy 
in the manufacturing and distribution of materials and equipment.  

Related 

SS8 Seed Production and Distribution GHG emissions of CO2, CH4 and N2O are generated in the process of collecting, cleaning, 
storing and distributing seed for crops.

  
Related 

SS9 Fertilizer and Lime Production and 
Distribution 

GHG emissions of CO2, CH4 and N2O are associated with the manufacturing and distribution 
of fertilizer and lime.  

Related 

SS10 Mechanized Equipment ς Energy 
Consumption for Crop Processing 
and Distribution 

GHG emissions associated with the cleaning, handling and final distribution of crop 
products, including forages. 

Related 

SSR11 Pesticide Manufacture and 
Distribution 

GHG emissions of CO2, CH4 and N2O are associated with the manufacture and off site 
transportation of pesticide.  

Related 

SS12 Herbicide Manufacture and 
Distribution 

GHG emissions of CO2, CH4 and N2O are associated with the manufacture and off site 
transportation of herbicide.  

Related 

SS13 Livestock Emissions GHG emissions of N2O and CH4 and are associated with the manure of grazing animals.  
Enteric emissions of CH4 are produced as a by-product of digestion that are exhaled or 
eructated from the grazing livestock.  

Controlled 

SS14 Fencing and Watering Materials and 
Installation 

GHG Emissions of CO2, CH4 and N2O are associated with the energy and materials required 
to fence the land and install watering facilities.  

Controlled 
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Figure 2.  Diagram of SSRs associated with the project condition for the proposed Wetlands Protocol, a functional wetland. 
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Table 2. Controlled, related, and affected SSs for the project condition of the proposed Wetlands Protocol, a functioning wetland. 

SSR 
IDENTIFIER 

SSR NAME DESCRIPTION CONTROLLED, 
RELATED OR 
AFFECTED 

SS1 Mechanized Equipment ς Energy 
Consumption for Farming 
Operations 

GHG emissions of CO2, CH4 and N2O are generated when mechanized equipment is used 
for hay harvest (swathing and baling) and onsite transportation of hay.  This SSR includes 
emissions associate with equipment and energy needed, if any, to physically restore the 
ƴŀǘǳǊŀƭ ƭŀƴŘǎŎŀǇŜ όƛΦŜΦ ΨǇƭǳƎΩ ŘǊŀƛƴŀƎŜ ǇŀǎǎŀƎŜǎύΦ 

Controlled 

SS2 Upland Soil  GHG dynamics (net flux of CO2, CH4 and N2O, and including net sequestration if 
occurring) associated with upland soils. This soil may be cropped or in perennial forage. 

Controlled 

SS3 Conserved or Restored Wetland 
Margin  

GHG dynamics (net flux of CO2, CH4 and N2O, and including net SOC sequestration) 
associated with conserved or restored wetland margin.   

Controlled 

SS4 Conserved or Restored Wetland 
Basin 

GHG dynamics (net flux of CO2, CH4 and N2O) of the conserved or restored wetland. Controlled 

SS5 Mechanized Equipment ς Energy 
Consumption for Crop 
Transportation  

GHG emissions of CO2, CH4 and N2O are associated with the offsite transportation of crop 
or crop products, including forages, to the point of sale or final use.  

Controlled 

SS6 Fuel Production and Transportation GHG Emissions of CO2, CH4 and N2O are generated from the upstream exploration, 
production processes and distribution of diesel and other fuels. 

Related 

SS7 Materials and Equipment 
Production and Distribution 

GHG emissions of CO2, CH4 and N2O are generated from the input of materials and 
energy in the manufacturing and distribution of materials and equipment.  

Related 

SS8 Seed Production and Distribution GHG emissions of CO2, CH4 and N2O are generated in the process of collecting, cleaning, 
storing and distributing seed for crops.

  
Related  

SS9 Fertilizer and Lime Production and 
Distribution 

GHG emissions of CO2, CH4 and N2O are associated with the manufacturing and 
distribution of fertilizer and lime.  

Related 

SSR10 Mechanized Equipment ς Energy 
Consumption for Crop Processing 
and Distribution 

GHG emissions associated with the cleaning, handling and final distribution of crop 
products, including forages. 

Related 

SS11 Pesticide Manufacture and 
Distribution 

GHG emissions of CO2, CH4 and N2O are associated with the manufacture and off site 
transportation of pesticide 

Related 

SS12 Herbicide Manufacture and 
Distribution 

GHG emissions of CO2, CH4 and N2O are associated with the manufacture and off site 
transportation of herbicide.  

Related  

SS13 Livestock Emissions GHG emissions of N2O and CH4 and are associated with the manure of grazing animals.  
Enteric emissions of CH4 are produced as a by-product of digestion that are exhaled or 
eructated from the grazing livestock.  

Controlled  

SS14 Fencing and Watering Materials and 
Installation 

GHG Emissions of CO2, CH4 and N2O are associated with the energy and materials 
required to fence the land and install watering facilities.  

Controlled 
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5 Selection of Relevant SSRs 

Table 3.  Comparison of SSs and justification for exclusion. 

IDENTIFIER 
BASELINE  
(C, R, A) 

PROJECT  
(C, R, A) 

INCLUDE OR 
EXCLUDE  

JUSTIFICATION FOR EXCLUSION FROM QUANTIFICATION 

P SS1  N/A Controlled Exclude This decision is conservative, because mechanized activity is expected to cease in the 
wetland basin under the project condition. B SS1  Controlled N/A Exclude 

P SS2 N/A Controlled Exclude 
 

The upland soil is excluded, because the proposed Wetlands Protocol is expected to 
require that the upland is managed according to a complementary GHG quantification 
protocol.  This means the upland soil emissions (and reductions, if any) will be included in 
the quantification of the complementary protocol. 

B SS2  Controlled N/A Exclude 

P SS3 N/A Controlled Include Not excluded τ reductions and removals quantified in this SS represent the core of the 
proposed Wetlands Protocol.  B SS3  Controlled N/A Include 

P SS4 N/A Controlled Include Not excluded τ reductions and removals quantified in this SS represent the core of the 
proposed Wetlands Protocol. B SS4  Controlled N/A Include 

P SS5 N/A Controlled Exclude This decision is conservative, because mechanized activity is expected to cease in the 
wetland basin under the project condition. B SS5 Controlled N/A Exclude 

P SS6 N/A Related Exclude This decision is conservative, because mechanized activity is expected to cease in the 
wetland basin under the project condition. B SS6  Related N/A Exclude 

P SS7 N/A Related Exclude This decision is conservative, because mechanized activity is expected to cease in the 
wetland basin under the project condition. B SS7  Related N/A Exclude 

P SS8 N/A Related Exclude These emissions are expected to be equivalent in baseline or project. 

B SS8  Related N/A Exclude 

P SS9 N/A Related Exclude These emissions are expected to be equivalent in baseline or project. 

B SS9  Related N/A Exclude 

P SS10 N/A Related Exclude These emissions are expected to be equivalent in baseline or project. 

B SS10 Related N/A Exclude 

P SS12 N/A Related Exclude These emissions are expected to be equivalent in baseline or project. 

B SS12  Related N/A Exclude 

P SS13 N/A Controlled Exclude Not all baselines or projects will involve livestock, but if present the livestock or the 
forages they consume are expected to be required to be managed under a 
complementary GHG reduction quantification protocol.  This means the livestock 
emissions will be included in the quantification of the complementary protocol. 

B SS13  Controlled N/A Exclude 

P SS14 N/A Controlled Exclude Not all baselines or projects will involve livestock, but if present these emissions are 
expected to be equivalent in the baseline and project, or will be too small to merit 
quantification. 

B SS14  Controlled N/A Exclude 
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Discussion point 5: The decisions stated and justification provided to include or exclude 
SSs of the baseline scenario and project conditions are complete and accurate.  
 

Agree    Disagree  _____ 
 

 

6 Quantification of Reductions and Removals 

The Wetlands Protocol as proposed would encompass two types of project activities or practices, 
including conservation of existing wetlands and restoration of drained wetlands.  In both 
instances, the baseline scenario (that is, the activities and emissions occurring in the absence of 
the project) involves sources and sinks όάSSsέύ associated with a drained wetland.  And, in both 
instances, the project involves SSRs associated with a functional wetland.  Thus, the discussion 
concerning quantification of the baseline scenario will relate strongly to the discussion of 
additionality and incrementality to be addressed in the forthcoming Implementation Discussion 
Document.  The focus in the forthcoming Quantification Discussion Document will be the data 
describing the GHG emissions from a drained wetland. 

6.1 Status of Prairie Pothole Region Wetlands as Net GHG Sinks  

The National Sinks Table Foundation Paper (Environment Canada 1998) introduced wetlands as 
possible carbon sinks under the Kyoto Protocol.   

Wetlands can be important components of broader agricultural landscape soil and water conservation 
initiatives, including the enhancement of carbon sinks. The agricultural lands of Canada include localized 
wetlands. Although these have not yet been widely studied, any change in their carbon content may need to 
be included in when we consider the sink capacity of agricultural soils.  

However, when it comes to advocating the inclusion of wetland conservation as creditable sinks under the 
Protocol, much work remains to be done to understand wetlands role in term of all net greenhouse gases 
emissions and removals. While wetlands constitute a major carbon reservoir, they can function as either GHG 
(CO2, CH4 and N2O) sinks or sources depending on their type, their use and ambient conditions. Some wetlands 
are characteristically sources and others are sinks. Moreover, these characteristics can change in response to 
hydrological regimes. In some wetland types there is a tradeoff between being a carbon sink and a methane or 
nitrous oxide source.  

The highest priority research and development needs are to estimate the rates of change of carbon stocks in 
wetlands and associated riparian zones in the Canadian agricultural and forested landscapes. This information 
would then need to be integrated into the estimation monitoring and verification procedures being developed 
for agriculture and forestry.  

This Quantification Discussion Document provides two types of information to address the issues 
raised in the Foundation Paper.  First, the Foundation Paper addresses wetlands in general, but the 
Discussion Document focuses on the mineral wetlands of the Prairie Pothole Region.  Second, the 
Discussion Document describes the research achieved concerning the wetlands of the Prairie 
Pothole region to address the questions of net GHG dynamics raised in the Foundation Paper.   

As early as 1999, the Wetlands and Carbon Sequestration Workshop at the Oak Hammock in 
Manitoba (http://www.iisd.org/wetlands/workshops.htm) concluded that restoring degraded or 
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ŘǊŀƛƴŜŘ ǿŜǘƭŀƴŘǎ ƛƴ /ŀƴŀŘŀΩǎ ǇǊŀƛǊƛŜǎ ǿƻǳƭŘ ƭƛƪŜƭȅ ǊŜǎǳƭǘ ƛƴ ƴŜǘ carbon storage over the long term 
compared with the land use (usually marginal agriculture) before restoration.  The assessment at 
that time was based on research conducted on restored Prairie Pothole Region wetlands in North 
Dakota where restored wetland carbon capacity was compared to similar carbon storage 
processes in marginal tilled soils.  This study also highlighted the fact that restoration initiatives 
must be all encompassing, and include not only the wetland basin but the adjacent riparian zones 
and associated uplands.  Additionally, emphasis was placed on the importance of incorporating 
the long-term impacts of climate change on the prairie environment and carbon storage in the 
prairie landscape.  Finally, the Workshop pointed out the importance of assessing the variation of 
GHG flux according to the landscape position. 

This phenomenon of variable GHG flux was addressed in a study which divided wetland basins into 
five distinct zones τ deep marsh, shallow marsh, wet meadow, low prairie, and cropland (Philips 
et al. 2003).  This study reported that net GHG flux for cropped zone soils was significantly lower 
(p<0.01) than flux for deep marsh, shallow marsh and wet meadow zone soils.  Average GHG flux 
measure by zone (mg CO2 equivalent m-2 day-1) was 283 for cropland, 677 for low prairie, 1 067 for 
wet meadow, 2 572 for shallow marsh, and 6 686 for deep marsh.  Methane, in terms of CO2 
equivalents, was the strongest indicator and predictor of total GHG flux per square meter.  A 
follow-up study measured methane flux at the soil-atmosphere interface (Philips et al. 2007).  This 
study measured GHGs on only two dates and in neither date was the basin submerged, but 
reported that fluxes vary significantly between deep marsh, shallow marsh, wet meadow, and low 
prairie zones of a wetland.  The highest methane emissions were found near the water in the deep 
marsh (278 mg m-2 d-1 CH4), which declined with distance from the water to -0.730 mg m-2 d-1 CH4 

in the pasture.   

Despite their unique character as compared to the major types of wetlands in North America, the 
wetlands of the Prairie Pothole Region have been studied with respect to their capacity to 
sequester carbon.  Two studies are of particular focus and importance. 

First, Euliss et al. (2006) estimated total carbon sequestration, in soil and in aboveground biomass, 
if the drained wetlands of the prairie Pothole Region of the US and Canada were restored (Table 
4).  They concluded that restoring wetlands would result in large accumulations of carbon as 
follows: 

Our study demonstrates that prairie wetlands are an important and previously overlooked biological carbon 
sink in North America.  The finding that prairie wetlands have the potential to sequester more than twice as 
much carbon as conversion to of all cropland to no-till agriculture (378 Tg versus 152 Tg: Table 7) is especially 
significant because cropland wetlands comprise only 17% of the land area. 

Euliss et al. (2006) estimate gross SOC gain (i.e. not adjusted for emissions of CH4 and N2O) of 7.40 
Mg CO2e ha-1 year-1 for years 1 through 5, and 3.01 Mg CO2e ha-1 year-1 for years 6 through 10 
after restoration of wetlands in Canada.  For restored wetlands in the US part of the Prairie 
Pothole Region, these researchers estimated gross SOC gain of 13.73 Mg CO2e ha-1 year-1 for years 
1 through 5, and 3.05 Mg CO2e ha-1 year-1 for years 6 through 10. 
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Table 4.  Estimate of potential carbon storage in cropland and wetland in the Prairie Pothole Region of North America (From Euliss et 
al. 2006). 

System/Country 
land cover 

Area (SE) SOC Stores (SE) Historic SOC 
Loss (SE) 

SOC Gain 
(first 5 years) 

SOC Gain 
(next 5 years) 

OC Standing 
Crop 

OC Gain  
(10 year Total) 

Past Present 

 103 ha  106 Mg 106 Mg 106 Mg 106 Mg 106 Mg 106 Mg 106 Mg 

Terrestrial 

USA Cropland 16 129 (112.6) 1 037 726 311 36 36 na 72 

Other 8 110 (  92.3)        

Canada Cropland 17 958 1 128 790 338 40 40 na 80 

Other 29 475        

Total Terrestrial 71 672 2 165 1 516 649 76 76 na 152 

Aquatic 

USA WetlandϞ 3 844 (  50.7) 281 209 (10.7) 72 (14.0) 72 16 27 115 

Other 2 377 (  39.3)        

Canada WetlandϞ 12 400 771 646 (15.8) 125 (37.8) 125 51 87 263 

Other 3 441        

Total Aquatic 22 062 1 052 855 197 197 67 114 378 

         

Ϟ Represents the area of drained and presently cropped wetland which could be restored to wetland.  
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Second, Bedard-Haughn et al. (2006) used extensive contour-directed sampling to compare SOC of 
uncultivated, cultivated, and native wetlands in a site in Saskatchewan as follows: 

SOC density to 45 cm was assessed at seven uncultivated wetlands, seven cultivated wetlands, and twelve 
native wetlands. Mean SOC density decreased from 175.1 mg ha

ҍ1
 to 30 cm (equivalent mass depth) for the 

native wetlands to 168.6 mg ha
ҍ1

 for the uncultivated wetlands and 87.2 mg ha
ҍ1

 for the cultivated wetlands 
in the agricultural field. 

This detailed approach enhanced understanding of the increasing density of SOC towards the 
centre of the wetland basins (Figure 3), and also provided an estimate of the rate and variability of 
SOC density increase associated with wetland restoration (Table 5).  However, in this study 
restoration involved cessation of cultivation and establishment of grassland, and did not result in 
creation of prolonged anaerobic conditions.  In this study, gross estimated gain of SOC density was 
3.8 Mg CO2e ha-1 year-1. 

Table 5.  Mean density of soil organic matter (SOC) in basins at the St. Denis National Wildlife 
Area (SDNWA) and nearby native sites. From Bedard-Haughn et al. 2006. 

Row Wetland class Wetland N a Soil organic carbon 
    SOCeqm to 30 cm (Mg ha-1) 
    Mean S.D. 
      

1 Cultivated 102 9 86.1 21.7 

2  104 11 131.2 46.5 

3  108 4 78.8 35.8 

4  118 9 82.7 29.2 

5  102a 16 91.0 28.8 

6  104a 8 80.7 21.8 

7  105a 8 59.8 22.6 

8 Uncultivated 99 6 242.9 69.6 

9  100 6 204.3 16.9 

10  117 24 100.9 36.1 

11  120 62 219.3 91.0 

12  103 4 136.7 36.0 

13  105 6 150.2 32.0 

14  119 4 125.7 21.1 

15 Native N1 5 169.4 17.9 

16  N2 6 159.9 22.9 

17  N3 6 219.9 48.4 

18  N4 5 224.1 50.6 

19  N5 5 156.0 20.1 

20  N6 5 133.8 28.7 

21  N7 5 203.8 29.9 

22  N8 6 301.5 68.8 

23  N9 4 129.6 16.2 

24  N10 4 138.3 30.5 

25  N11 5 137.1 41.3 

26  N12 4 127.4 10.0 

27 Cultivated  7 87.2 21.7 

28 Uncultivated  7 168.6 21.5 

29 Native  12 175.1 52.8 
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a N: number of samples within a given wetland for rows 1-26 of Table 5; number of wetlands 
within a given category for rows 27-29 of Table 5. 

  

Figure 3.  Detailed contour map and soil organic grid for two wetlands remaining uncultivated 
since 1968.  Basin 117 is shallower, more frequently dry, and was cultivated frequently before 
1968.  Basin 120 is deeper and more frequently submerged, receives a larger sediment load, and 
before 1968 was only harvested for hay in dry years.  From Bedard-Haughn et al. 2006. 

 

Most recently, Jin et al. (2008) reported soil organic carbon accumulation of 3.87 Mg C ha-1 y-1 
(14.2 Mg C02e ha-1 y-1) in restored wetlands of the Sanjiang Plain in northeast China. 

 

Discussion point 6.1: The research results reported by Euliss et al. (2006) and Bedard-
Haughn et al. (2006) provide a range of gross sequestration values for restored 
wetlands, and thereby establish a context within which the sequestration coefficient of 
the proposed Wetlands Protocol should be derived.  
 

Agree    Disagree  _____ 
 

 

6.2 Forthcoming Scientific Knowledge 

As discussed in previous sections of this Quantification Discussion Document, the final and 
synthesized results of the Agriculture and Wetlands Greenhouse Gas Initiative (AWGI) research are 
not yet published in the peer-reviewed literature.  However, the results of this research, involving 
many accomplished wetland and GHG researchers and comprising detailed investigation of 
multiple sites, may represent a definitive investigation of net GHG dynamics of restored wetlands 
for the Prairie Pothole Region of Canada.  Therefore, the preliminary results of the AWGI research 
are presented in this Discussion Document, and further synthesis will be provided at the 
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Consultation Workshop.  The potential exists to use the consultation of the Wetlands Protocol 
development process to serve as a form of peer-review of these preliminary data.   

6.2.1 AWGI Participants 

Research Team  
Project Coordinator: Pascal Badiou, Institute for Wetland and Waterfowl Research (IWWR), Ducks 

Unlimited Canada (DUC) 
Science Coordinator: Dan Pennock, Soil Science, University of Saskatchewan 
Principal Investigators  
Dr. Ken Belcher, University of Saskatchewan 
Dr. Dan Pennock, University of Saskatchewan 
Dr. David Lobb, University of Manitoba 
Dr. Tim Papakyriakou, University of Manitoba  
Mr. Tom Goddard, Alberta Agriculture  
Dr. Rhonda McDougal, IWWR/DUC  
Dr. Robert Clark, Environment Canada (CWS) and University of Saskatchewan   
Dr. Sylvie Quideau, University of Alberta  
Dr. David Burton, Nova Scotia Agricultural College  
Dr. Rick Bourbonniere, McMaster University and Environment Canada  
Dr. Irena Creed, University of Western Ontario  

6.2.2 Restoration Study Design 

Å 23 sites from DUC database of restored projects, stratified by age of restoration and soil 
zone (Figure 4). 

Å 3 wetland basins sampled at each site (2 restored and 1 reference). 
Å 18 sites New Restored (1-7 yrs). 
Å 26 sites Long-Term Restored (8yrs+). 
Å 23 reference wetlands. 
Å Soil cores were collected across landscape transects at all sites (Figure 5). 
Å Water and GHG samples were collected in spring, mid-summer, and late summer. 
Å GHG were sampled using static vented chambers. 
Å GHG at 1 site (3 wetlands) in each province were sampled more intensively to allow for 

cumulative flux calculations.  
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Figure 4. Map of AWGI sites in the Prairie Pothole Region of Canada. 

 

 

 

Figure 5.  Description of site transacts for AWGI sites. 
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6.3 Preliminary AWGI Research Results 

Å C sequestration rate based on SOC difference between short-term and long-term restored 
wetlands: 11.8 Mg CO2eq ha-1 (Figure 6). 

Å GHG (CH4 + N2O) flux rate from Prairie wetlands (Figure 7):  

ï mean = 2.2 Mg CO2eq ha-1  

ï range (0.1 ς 4.5 Mg CO2eq ha-1) 

Å CH4 flux decreases with increasing SO4 concentration in wetland water τ negligible CH4 
was measured in water with SO4 concentration җ нлл ƳƎ [-1 (Figure 8). 

Å The AWGI researchers conclude that the restored wetlands are net sink for GHGs and 
sequester 9.6 Mg CO2eq ha-1 year -1 (range 7.3 ς 11.8).   
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Figure 6.  Quantification of SOC according to landscape position in intact, restored, and 
cultivated (degraded) wetlands. 

Upland SOC = 74 Mg.ha-1 
Wetland SOC = 261 Mg.ha-1 

 SOC = 187 Mg.ha-1  

Upland SOC = 171 Mg.ha-1 
Wetland SOC = 255 Mg.ha-1 

 SOC = 84 Mg.ha-1  

Upland SOC = 150 Mg.ha-1 
Wetland SOC = 164 Mg.ha-1 

 SOC = 14 Mg.ha-1  
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Figure 7. Total GHG flux in restored and reference wetlands in Alberta, Saskatchewan, and 
Manitoba. Graph symbols: Black τ reference wetland; Green τ restored wetland 2; Red τ 
restored wetland 1. 

 

Discussion point 6.3.a: The credibility of the participants in the AWGI, the design and 
extent of the research, and the preliminary results of the project provide sufficient basis 
to recommend the net sequestration coefficient of 7.3 ς 11.8 Mg CO2eq ha-1 year -1 for 
consideration at the Consultation Workshop.  (NOTE: The Implementation Discussion 
Document recommends that uplands are managed according to a GHG reduction 
protocol, so N2O emission associated with movement of nitrate into the wetland would 
be minimized if this recommendation were implemented.) 
 

Agree    Disagree  _____ 
 

 

 

Mean = 482 kg.CO2 eq ha-1 
Range = 21 to 1 065 kg.CO2 eq ha-1 
Duration = 99 days  

Mean = 641 kg.CO2 eq ha-1 
Range = 310 to 1 119 kg.CO2 eq ha-1 
Duration = 91 days  
 

Mean = 690 kg.CO2 eq ha-1 
Range = 330 to 1 219 kg.CO2 eq ha-1 
Duration = 113 days  



 DRAFT τ Quantification Discussion Document τ Wetlands Protocol 

Document No. 20090703 Version No. FINAL Page 26 10/03/2010 3:59 PM 

 

SO
4 

(mg/L)

0 200 400 600 800 1000

W
e

tl
a
n

d
 m

e
th

a
n

e
 e

m
is

s
io

n
 (

g
 C

H
4
-C

/h
a
/d

)

0

200

400

600

800

 

Figure 8.  Methane emissions as a function of SO4 concentration in wetland water.  

 

Discussion point 6.3.b: There is sufficient evidence to recommend as a consideration 
for the Consultation Workshop that methane emission is negligible from Prairie Pothole 
Region wetlands with SO4 ŎƻƴŎŜƴǘǊŀǘƛƻƴ җ нлл ƳƎ [

-1.  
 

Agree    Disagree  _____ 
 

 

6.4 Uncertainty Estimation 

The estimation of uncertainty will require further effort as the results of the AWGI research are 
finalized.  However, based on the preliminary results Badiou et al. (2008) report at net 
sequestration of 9.6 Mg CO2eq ha-1 year-1, within a range of 7.3 ς 11.8 Mg CO2eq ha-1 year-1.   

7 Delineation and Monitoring of Wetlands & Uplands in Baseline and Project 

A premise of the proposed Wetlands Protocol is that the experience gained, the tools developed, 
and the processes, systems, and controls implemented by Ducks Unlimited Canada in their 
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wetland conservation and restoration efforts would provide a frame of reference for the 
development of the proposed Protocol.  Details of this approach will be presented at the 
Consultation Workshop. 

7.1 Databases 

To access the availability of appropriate databases, several Ducks Unlimited Canada staff members 
were interviewed by telephone (Lyle Boychuk, Julie Pierce) and in person (Barry Bishop).  These 
meetings provided information that Ducks Unlimited Canada maintains detailed databases 
(needed for delineation of wetlands in the baseline scenario and project condition) for a small 
portion of the Prairie Pothole Region of Canada.  These databases are available for the Vermilion 
Watershed in Alberta, for the Pipestone / Smith Creek watershed in Saskatchewan, and for the 
.ǊƻǳƎƘǘƻƴΩǎ /ǊŜŜƪ ǿŀǘŜǊǎƘŜŘ ƛƴ aŀƴƛǘƻōŀΦ  These databases are derived from historical and 
recent aerial photographs, and provide locations and areas of drained wetlands, drainage 
structures, and retained wetlands.  Further details concerning DUC databases and delineation 
procedures will be presented at the Consultation Workshop. 

7.2 Processes, Systems, and Controls 

To understand the implementation of the conservation and restoration efforts of Ducks Unlimited 
Canada, several staff members were interviewed by telephone (Lyle Boychuk, Julie Pierce) and in 
person (Barry Bishop).  These meetings provided information that Ducks Unlimited Canada has 
numerous initiatives.  Clearly, projects are designed and constructed (Figure 9), and these projects 
are recorded by location and size (Table 6).  However, it does not appear that these efforts are 
coordinated under a formal set of written processes and procedures, and it does not appear that a 
consistent and comprehensive approach to system controls is in place (at least not at the level 
needed to transact GHG reduction projects).  Compilation of the procedures, system, and controls 
into a formal document is now underway.  The results of this compilation will be presented at the 
Consultation Workshop. 
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Figure 9.  Sample of drawing used by Ducks Unlimited as the basis for restoration and 
monitoring of a wetland site. 
 






