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National GHG Inventory Reporting

NATIONAL INVENTORY REPORT . . )
1990-2019: GREENHOUSE GAS * GHG Reporting- submitted annually as part of Canada’s

SOURCES AND SINKS IN CANADA . . .
commitments under the United Nations Framework
Convention on Climate Change (UNFCCC).

CANADA'S SUBMISSION TC THE UNITED NATIONS FRAMEWORK
CONVENIION ON CLIMAE CHANGE

* The Intergovernmental Panel on Climate Change (IPCC) assesses
the science related to climate change and provides guidance for
generating national GHG inventories.

IPCC Reporting Sectors

* Energy (includes farm fuel use)

* Industrial Processes and Product Use

* Waste

e Agriculture

* Land Use Land-Use Change and
Forestry (LULUCF)

CO, sources and sinks associated with
changes in soil organic carbon or woody

[T R e Canadi

Other agricultural Greenhouse
gases (N,O, CH ) are reported

under the Agriculture Sector
(IPCC)

biomass on cropland and grassland are
reported under the LULUCF Sector (IPCC)




Agricultural Greenhouse Gas Modeling

CH, CH, N,O Co,
Crop
Livestock = Manure =~ Management  Plants




Carbon Modeling
- Current Practices



Spatial
Framework

Ecostratification Framework

Soil Landscapes of
Canada (SLC) Polygons
serve as the primary
Analysis unit

PRty 36T production of afinual crops
.

\ F ey /Ecozone

- Reporting zone

Soil Landscape
Polygon
Soil
\ i Landscapes

The Ecostratification Framework oo
allows for reporting at the regional
provincial and national levels

There are 3487 polygons
within Ag region,
5947 landscapes (1 to 4
landforms within
each SLC
30,802 soil component/
landscape/slope
segment records.
Average SLC land area -
39,000 ha.

Agricultural
Region
of Canada



Modeling the change in soil organic carbon
(SOC) associated with changes in agriculture
land management and land use.
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Current carbon accounting methodology:
Factor based approach

Carbon change coefficients are applied to net areas of change in land use and
land management practices (LULMC) from one year to the next.

AC=F*A
where:
AC= Change in soil C stock
A= Area of LULMC (ha)
F(y)= Average annual change in SOC subject to a LULMC

Generation of annual factor:
Fly) = AC,,,.. * [(exp (—kval * (y-1)) — exp (-kval * y)]/[y-(y-1)]

y=years since LMC
* KVAL - rate constant
* LUMCMAX - the maximum ACLMCmaX assumed to have been produced by the LMC



CANADIAN AGRICULTURAL

GREENHOUSE GAS MONITORING

ACCOUNTING AND REPORTING SYSTEM

(CanAG-MARS)

Management
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data
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totals of cultivated
organics

import deforestation!| I
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Activity data
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Inventory
Reporting ==
Tables

Allocate deforestation/
afforestation data to SLC
Build FLCL transactions

aggregated to major cropland categories.

enerate GLCL area estimates for SLC polygon}.
Build GLCL transactions

Generate Tillage area estimates

apportioned to management activities

Soils are allocated to land use data and |

Reconcile cropland area with
land use change events

Estimate area of activity change (i.e. LMC
for every year for every SLC polygon

Select relevant factor ~each
Baepsiseiicior all LMC and all LU change

T

Determine factor for inventory year
for each LMC that has occurred  |d
[factor] < 0.025 Mg ha-!
No

[Calculate AC from inventory year
factor multiplied by area of éach LMC

Sum AC in each inventory year acros:
SLC polygons in each reporting zone

[Sum AC across reporting zones fos
national AC in inventory year
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Current Factors Included in Canada’s GHG Reporting to Sequester
Carbon

/ Reducing tillage intensity. For example,

switching from Conventional Till to No-Till
Annual Crop Productivity

Manure Application

Switching from annuals to perennials
Increased use of perennial woody crops
(fruit trees, grapes, etc.)

QPCC Tier 2 Carbon Change model)

Soil Carbon Stock

As adoption of these practices
continue, net carbon
sequestration slows down and
soils reach a new carbon balance.

Increased soil carbon is
associated with better
Soil Health
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Ongoing work to Include Factors
Not Currently Included In Carbon Accounting

. N

Plus, factors not currently accounted for that
could increase soil carbon sink reported:
» Crop mix changes (annual crops)

4 I « Cover crops
Current sink factors » Woody Biomass change
total  Grassland Management
7 Mt CO,fyear K /
- /

Soil Carbon Stock

Considering these factors, reported soil carbon sequestration could be increase significantly by
2030.

AAFC is working with ECCC to better account for all factors affecting soil carbon. Many of these would increase the
reported sequestration value.



METHODOLOGICAL IMPROVEMENTS
Agriculture and LULUCF/cropland

Now have updated methodology that considers
changes inyield and corresponding changes in soil | =rmeee e
organic carbon resulting from increased N and 20

= E/R Crop Production and Nitrous oxide
manure application 12 w

Emissions
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Updates to N,O emission factors in Agriculture " old 3
. . ' £
Meta-analysis recent data (Rochette et al. 2018), non-growing -40 method 2
season emissions (Pelster). Cropland Carbon Model in LULUCF; -50
Multi-model analysis against long-term crop production 40
Annual Perennial +Tillage = Crop Productivity
experimental results and Meta-analysis of long-term manure 30 Nitrous oxide-Direct and Incirect = anre Carbon ‘ ‘
experiments (L|ang and Thiagarajan) 20 =E/R Crop Production = E/R Crop Production and Nitrous oxide gj
10 %
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Net downward revisions of GHG emissions - °
-20
N,O emissions revised down by 4-5 Mt CO, eq over 5 New é
. . . . . method
the time series (included in national totals) -40 o
Removals of CO, were revised upwards by on e s 9535953335833 88583C0 0000

average, 5 Mt CO, eq over the time series and on
average, 10 Mt CO2 eq post 2010

—  Reported separately in LULUCF, not seen in national Combined changes in fluxes of CO, from management of soil carbon

total in cropland and N,O emissions from agricultural soil management.
otals Upper panel: current method (published in NIR 2021); Lower panel:
proposed modification.
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Carbon Modeling
- Data Needs



NIR Data: Considerations

Inclusion of land management activities for C modeling
requires:

Activity data

Model coefficients / Emission factors

Availability of the activity data from at least 2005 onwards. Inventory
reporting begins in 1990 so any data will have to be back-casted to
1990 or earlier.

Availability of the activity data nationally or for the entire region in
which the activity occurs (if the activity only occurs within a specific
region of the country) ¥

Significance of impact on C stocks. For example, having a large change
in C per unit area of the activity, or having a large aerial extent of the
activity, or both.

Coefficients applicable for Canadian conditions.
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NIR Data: Currently Used

The primary sources of activity data used to generate the GHG
inventory include:

Crop, land management and livestock information
— Agricultural Census
— Statistics Canada Farm Survey Data (Annual Field crop and Livestock

Survey data, Farm Environmental Management survey (FEMS),
Fertilizer Delivery Data

* Soil and Landscape Information

-Soil and landscape data -> National Soils database (NSDB) SLC v3.2 .
e Deforestation/afforestation estimates

-the Canadian Forest Service (CFS-NRCAN).
* Land use Information

-AAFC Land Use maps and Crop Inventory Mapping
* Climate data

15



NIR Data Needs: BMP

Consideration of BMP’s

Cover crops
* Not currently in the inventory
e Lack emission factors applicable for Canadian Conditions
* Rough estimates of activity in FEMS but lacks consistency between
surveys. Resolution is coarse.

Woody Biomass (Tree planting, Shelter belts)
* Rough estimates of woody biomass on cropland in the inventory
* To adequately capture the impact will require improvements to activity
data (species type, planting density, monitoring of gains and losses
etc.)

Application of other organic amendments (municipal wastes,
composts etc.)
* Not currently in the inventory

* Is there activity data, applicable coefficients?
16



Summary

 The models are continuously improved as new science and
data emerge.

e Opportunities exist for additional improvements for several
BMPs

— Emission factors / modeling coefficients
— Reliable and statistically-robust time series activity data by region

17



THANK YOU!



. ... Overview
Management Activities

Cropland Management

* Changes in crop mixture (annual/perennial crop conversions)

* Changes in tillage practices: (intensive till, reduced till, no-till

*  Cultivated organic Soils

* Changes in land under perennial woody vegetation (Christmas Trees, Orchards, Vineyards
* Impact of Crop productivity on annual cropland

*  Application of livestock manure to annual cropland

* Land Use Change
*  Forest land converted to cropland
*  @Grassland converted to cropland

Grassland Management



