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National-Scale Operational Monitoring at AAFC
o Decades of EO research have led to the development of innovative agricultural 

monitoring capabilities that are, or close to being operational.

o ¢ƘŜǎŜ ƘŜƭǇ !!C/ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŜȄǘŜƴǘ ŀƴŘ ŘƛǾŜǊǎƛǘȅ ƻŦ /ŀƴŀŘŀΩǎ ŀƎǊƛŎǳƭǘǳǊŀƭ 
landscape and the current state and changes in this landscape and in production. 

Annual
Space-Based Crop 

Inventory

Crop Condition 
Assessment

National surface 
soil moisture

Semi-decadal LU 
time series

Canadian Crop 
Yield Forecaster

Fractional residue cover and mass
Tillage practices
Winter cover / Cover crops
Small features and their change

Seeding / harvest monitoring

Biomass / Biophysical variables

National Grassland Inventory

C fluxes from new mission data 

Crop damage, disease and pests.

Crop health and productivity

Soil health
Etc é

Rotation patterns

Land use change

What we currently do (operational, based on historic and current monitoring needs)

²Ƙŀǘ ǿŜ ǿŀƴǘ ǘƻ Řƻ όƛƴ ŘŜǾŜƭƻǇƳŜƴǘ κ ǇƭŀƴƴŜŘΣ Ƴƻǎǘƭȅ ōŀǎŜŘ ƻƴ !!C/Ωǎ National Inventory 
Reporting and Agricultural Climate Solutions Data Strategy monitoring needs)
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Key Agricultural Applications of SAR 

Crop Type Mapping

Crop Growth Stage

Crop Condition

Soil Moisture

Tillage Mapping

Soil Salinity

Grasslands

Flooding

Soil Properties
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Annual Crop 
Inventory

2024 Annual Crop Inventory of Canada

Å National coverage since 2011 at 30m resolution
Å Uses multi-temporal, multi-spectral EO data, field observations and a 

decision tree learning model
Å New processing system online since 2022 can handle larger data volumes 
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Temporally Consistent Cropland Data & Crop Rotations

ÅConsistencyrulesappliedto 2009- 2023 
AnnualCropInventory to facilite 
modelling
ÅSomeclasses are generalizedin someareas 

and someyearsdue to a lackof adequate
training data

ÅModel croprotations to classifyinto
carbonsequestrationcategories
ÅForecastnextȅŜŀǊΩǎcropbasedon 

previoushistory
ÅPreliminary model has 82% accuracyfor 

single croppedfields, 66% for fieldswith
multiple crops
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Decades of R&D Demonstrating value of SAR in Crop 
Inventories
Å Dingle Robertson, L. H McNairn, X Jiao, C McNairn, SO Ihuoma, (2022), Monitoring crops using 

compact polarimetry and the RADARSAT constellation mission, Canadian Journal of Remote Sensing 
48 (6), 793-813

Å Dingle Robertson, L., A. Davidson, H. McNairn, M. Hosseini, S. Mitchell, D. De Abelleyra , S. Veron, 
M.H. Cosh. (2020) Synthetic Aperture Radar (SAR) image processing for operational space -based 
agriculture mapping, International Journal of Remote Sensing 41 (18), 7112 -7144

Å Dingle Robertson, L. A. M. Davidson, H. McNairn, M. Hosseini, S. Mitchell, D. de Abelleyra , S. Verón , 
Guerric  Le Maire, Milena Plannells , Silvia Valero, Nima Ahmadian, Alisa Coffin, David Bosch, Michael 
H. Cosh, Bruno Basso, Nicanor SaliendraC-band synthetic aperture radar (SAR) imagery for the 
classification of diverse cropping systems (2020), International Journal of Remote Sensing 41 (24), 
9628-9649

Å McNairn, H., Kross, A., Lapen, D., Caves, R., Shang, J. (2014). Early season monitoring of corn and 
soybeans with TerraSAR-X and RADARSAT-2. International Journal of Applied Earth Observation and 
Geoinformation, [online] 28(1), 252 -259. http://dx.doi.org/10.1016/j.jag.2013.12.015

Å Jiao, X., Kovacs, J.M., Shang, J., McNairn, H., Walters, D., Ma, B., Geng, X. (2014). Object-oriented crop 
mapping and monitoring using multi -temporal polarimetric RADARSAT -2 data. ISPRS Journal of 
Photogrammetry and Remote Sensing, [online] 96 38 -46. 
http://dx.doi.org/10.1016/j.isprsjprs.2014.06.014

Å Liu, C., Shang, J., Vachon, P.W., McNairn, H. (2013). Multiyear crop monitoring using polarimetric 
RADARSAT-2 data. IEEE Transactions on Geoscience and Remote Sensing, [online] 51(4), 2227 -2240. 
http://dx.doi.org/10.1109/TGRS.2012.2208649

Å Deschamps, B., McNairn, H., Shang, J., Jiao, X. (2012). Towards operational radar -only crop type 
classification: Comparison of a traditional decision tree with a random forest classifier. Canadian 
Journal of Remote Sensing, [online] 38(1), 60 -68. http://dx.doi.org/10.5589/m12 -012

Å Charbonneau, F.T., Brisco, B., Raney, R.K., McNairn, H., Liu, C., Vachon, P.W., Shang, J., DeAbreu, R., 
Champagne, C., Merzouki, A., Geldsetzer , T. (2010). Compact polarimetry overview and applications 
assessment. Canadian Journal of Remote Sensing, [online] 36 S298 -S315. 
http://dx.doi.org/10.5589/m10 -062

Å McNairn, H., Shang, J., Jiao, X., Champagne, C. (2009). The contribution of ALOS PALSAR 
multipolarization  and polarimetric data to crop classification. IEEE Transactions on Geoscience and 
Remote Sensing, [online] 47(12), 3981 -3992. http://dx.doi.org/10.1109/TGRS.2009.2026052

Å McNairn, H., Champagne, C., Shang, J., Holmstrom, D., Reichert, G. (2009). Integration of optical and 
Synthetic Aperture Radar (SAR) imagery for delivering operational annual crop inventories. ISPRS 
Journal of Photogrammetry and Remote Sensing, [online] 64(5), 434 -449. 
http://dx.doi.org/10.1016/j.isprsjprs.2008.07.006

General Conclusions

Å SAR adds value to multispectral crop 
inventories, particularly when there is 
insufficient cloud free optical data available 
(less than 3 images per growing season or lack 
of data at key growth stages)

Å C-Band SAR data alone can achieve accuracies 
comparable to optical data when dense time 
series are available (10+ images)

Å Multispectral, Compact Polarimetric data 
improves accuracy of SAR only classifications

Å Data processing: larger window speckle filters 
(smallest size is 7x7) improve accuracy but 
selection needs to reflect fields sizes

Å Applying noise reduction before terrain 
correction does not impact accuracy but does 
reduce processing time

http://dx.doi.org/10.1016/j.jag.2013.12.015
http://dx.doi.org/10.1016/j.isprsjprs.2014.06.014
http://dx.doi.org/10.1109/TGRS.2012.2208649
http://dx.doi.org/10.5589/m12-012
http://dx.doi.org/10.5589/m10-062
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C-Band SAR in Annual Crop Inventory

Crop Inventory: The Process ðImagery needs

ω Multi -spectral data can adequately classify crops if available during critical 

time periods
- Accuracies above 85% overall and at individual crop level are achievable 
- Accuracies can be significantly degraded if gaps in data collection occur
- Operational burden of cloud masking

Å Dual -polarization radar (VV and VH) 
- Can improve accuracies when gaps in optical data are present
- Without some optical data, accuracies for some crops are lowImage Data

Å Accuracy of annual crop inventory depends on acquiring image data at the right time 
to separate crops (typically during reproductive growth phases)

Å{!w ƛǎ ŀƴ άƛƴǎǳǊŀƴŎŜ ǇƻƭƛŎȅέ ŦƻǊ ƘƛƎƘ ŀŎŎǳǊŀŎȅ ŎǊƻǇ ƛƴǾŜƴǘƻǊƛŜǎ

Å Accuracies decrease significantly when gaps in data collection occur

Å Some crops are better classified with SAR Data (eg Potatoes, Soya)

Å SAR data contributes to class separation in agricultural regions with higher crop 
diversity
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RCM Operational Coverage Over Land (2022 - )

Å30 m Compact Polarimetric 
(CP) mode with 125km 
swath width

ÅCP is implemented on RCM 
as a right-handed circular 
όwI/ύ ǘǊŀƴǎƳƛǘ ǿƛǘƘ I Ҍ ± 
polarizations recorded 
coherently on return 
(circular-transmit and 
linear-receive or CL)

ÅMaritime regions and Great 
Lakes have less consistent 
coverage than inland areas 
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RCM Coverage Over Canadian Agriculture Regions

ÅAdvantages:
Å RCM can fill cloud gaps in certain regions but optical data are the main source of data used in ACI production;
Å The SAR toolbox facilitates the use of data.

Å

ÅDisadvantages:
Å !ƴ !/L ǇǊƻŘǳŎŜŘ ŦǊƻƳ w/a Řŀǘŀ ƻƴƭȅ ƛǎ ǇƻǎǎƛōƭŜΣ ōǳǘ ǘƘƛǎ ǿƻǳƭŘ ǊŜǉǳƛǊŜ ŀ ǾŜǊȅ ƘƛƎƘ ǘŜƳǇƻǊŀƭ ŘŜƴǎƛǘȅ ƻŦ Řŀǘŀ ǘƘŀǘ ǿŜ ŘƻƴΩǘ ǊŜŎeive with current 

acquisitions;
Å Currently, effort required to integrate RCM data systematically across the country is high due to non-systematic acquisition plans over land

Å Improvement with a 12 day coverage over land, but this is not consistent nationally

Å RCM coverage is not uniform across the country BC, Prairies have reliable coverage, marine adjacent area often have no coverage;
Å Data gaps due to conflicts with other users;
Å Fragmented acquisitions (small sections of images along path) are numerous and make working with RCM data complicated.
Å When field data (training sites) are limited, adding a few RCM dates to optical data can degrade the accuracy of the thematic maps.
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Operational Challenges of Inconsistent RCM Scene 
Coverage for Agricultural Land Cover Classification

ÅScene Fragmentation 

ÅInconsistent acquisition timing of 
partial scene coverage 
Å/ŀƴΩǘ ōŜ ƳƻǎŀƛŎƪŜŘ ǘƻƎŜǘƘŜǊ ǘƻ ŦƻǊƳ 

complete scene due to difference in 
timing

Standard RCM Scene AOIs over Prince Edward Island 
illustrating inconsistent spatial coverage for the 2024 growing 
season; Relative orbit 27

May 04, 2024

July 11, 2024
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Value of Compact Polarimetric Data for Crop 
Classification

ÅParameters derived from these 
CP Single Look Complex (SLC) 
data included the four Stokes 
parameters (S0, S1, S2 and S3), 
three components of the m-chi 
decomposition (surface, double 
bounce and volume scattering) 
and backscatter intensities (RH; 
RV)

ÅParsing the polarized and 
unpolarized contributions from 
Stokes Parameters revealed 
that as the canopies developed 
significant structure, more of 
the scattering was returned 
unpolarized.

Dingle Robertson, L. H McNairn, X Jiao, C McNairn, SO Ihuoma, (2022), Monitoring crops using compact 
polarimetry and the RADARSAT constellation mission , Canadian Journal of Remote Sensing 48 (6), 793-813
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Reliability of Sentinel -1 Coverage Over Canadian 
Agricultural Lands

S1 RCM
20240411
20240423
20240505 20240504
20240517
20240529
20240610 20240605
20240622
20240704 20240707
20240716
20240728
20240809 20240808
20240902 20240901
20240914
20240926
20241008
20241020

Å Sentinel-1 Coverage is reliable nationally over all agricultural regions of 
Canada

Å VV-VH mode is suitable for a range of vegetation monitoring applications 
and provides dense temporal coverage needed for high accuracy crop 
classification in absence of optical data

Å Coverage of Sentinel-1 optimal for SAR-only or SAR essential activities 
such as tillage/harvest monitoring and grassland inventories

Test Area for Western Prince Edward Island
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JECAM SAR Inter-Comparison Experiment : Crop type mapping using multi -
polarization C -band SAR and optical EO data

Completed EO and field data pre-processing and distribution for 13 
JECAM sites including Georgia, Iowa, Michigan and North Dakota 

Decision Tree and Random Forest classifications on all 13 sites with 6 
variations of SAR only, SAR/optical imagery combinations and optical only 
data. 

Most classifications were over 85% overall accuracy even SAR-only data 
stacks; lower results related to rarer crop types, and issues with field data

Paper on Data Processing: 
Dingle Robertson, L., A. Davidson, H. McNairn, M. Hosseini, S. Mitchell, D. 
De Abelleyra, S. Veron, M.H. Cosh. (2020) Synthetic Aperture Radar (SAR) 
image processing for operational space-based agriculture mapping, 
International Journal of Remote Sensing 41 (18), 7112-7144

Comparative Crop Inventories:
Dingle Robertson, L. A. M. Davidson, H. McNairn, M. Hosseini, S. Mitchell, 
D. de Abelleyra, S. Verón, Guerric Le Maire, Milena Plannells, Silvia 
Valero, Nima Ahmadian, Alisa Coffin, David Bosch, Michael H. Cosh, 
Bruno Basso, Nicanor Saliendra (2020) C-band synthetic aperture radar 
(SAR) imagery for the classification of diverse cropping systems, 
International Journal of Remote Sensing 41 (24), 9628-9649

Å Presentation at IGARSS 2019 ς Yokohama, Japan on the classification results using only 
dense C-band SAR data stacks άUsing Dense Time-Series of C-band SAR Imagery For 
Classification of Diverse, Worldwide Agricultural {ȅǎǘŜƳǎέ

JECAM Network of 50 Participating Sites
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Grasslands Mapping
ÅNational grasslandinventory

for the Canadian Prairies has 
been developedfor 2020

ÅGrasslandsystemsshow high 
temporal and spatial 
variability comparedto annual
crops; usingdense time series
(multi-temporal, multi-season) 
of Sentinel-1 and Sentinel-2 
data to capture key 
phenologicalphases

ÅSAR data provides key 
information on plowing depth 
that can separate long term 
native species from managed 
grasslands/forages, 
particularly in dry ecoregions

Work by Dr. 
Emily Lindsay
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Tillage Estimation (R&D)
ÅTillage
ÅUse coherentchange detection from Synthetic

Aperture Radar (SAR) to identify tillage events(ie soil
disturbance)

ÅThe combination of RCM compact-pol CH and CV served 
to reduced coherence noise, giving better coherence 
contrasts at low coherence levels, resulting in a higher 
ǉǳŀƭƛǘȅ ƻŦ άŀƭŜǊǘǎέΦ

ÅPossibility to use alerts from multiple SAR systems in 
combination to increase reliability of estimates 
(TerraSAR-X, PAZ, Sentinel-1, RCM)

ÅPolarimetric parameters used to decouple harvesting 
from tillage

ÅCurrently testing alert system on Amazon cloud at 
regional to national scales (weekly alert at field level) 
with Sentinel-1 data

ÅCombine with residue data from optical sensors to 
estimate conservation tillage practices

Work led by Dr. 
Heather McNairn
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COMPACT POLARIMETRY

Completed initial Random Forest importance testing on compact
polarimetrydatavariables

Å 42 compactpolarimetry parametersper date of imageryacquired in 
2018 were generatedfor 17 JECAMsites includingfor Georgia, Iowa, 
Michigan and North Dakota 

MULTI-FREQUENCY SAR

Acquired variations of C-, X-, and L-band data over approximately 9 JECAM 
sites including Georgia and North Dakota for 2019

ÅPre-processing testing for CSA/JAXA Bilateral and JECAM Multi-
Frequency SAR 2019

Å 2016 Carman, Manitoba data set included July & August RADARSAT-2, 
TerraSAR-X and ALOS-2/PALSAR-2 images; further testing with 2017 
data

Å L. D. Robertson, A. Davidson, H. McNairn, M. Hosseini and S. Mitchell, 
"Assessment of Multi-Frequency SAR for Crop Type Classification and 
Mapping," IGARSS 2019 - 2019 IEEE International Geoscience and Remote 
Sensing Symposium, Yokohama, Japan, 2019, pp. 489-492, doi: 
10.1109/IGARSS.2019.8898006. 

JECAM SAR Inter-Comparison Experiment : Crop type mapping using compact 
polarimetry and multi -frequency SAR data

RADARSAT-2 

2016-07-27 VH

TerraSAR-X 

2016 -07-26 VV

ALOS-2/PALSAR-2 

2016-07-03 VH

Carman, Manitoba 
2016 Multi-frequency 

SAR image and 
classification results

2020 expected continuous 
coverage SAR: C- & L-band


