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• Background on remote sensing

• What has the science accomplished 

• How can geospatial data be integrate to aid in 
disease risk assessment
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Why Space?

• At 158.7 million acres* of  total farm (93.4 million in 
crops), boots on the ground can’t reach every acre 

• On foot: average person walks ~ 3 miles/hour and at 
this rate it would take 5 years (10 hours per day) to 
walk across Canada

• Satellites: orbit Earth at ~17,000 miles/hour. Canada’s 
RADARSAT satellite orbits the earth ~14 times in one 
day.

• Satellites collect measurements of the amount of 
energy emitted, reflected or scattered, and the 
intensity of energy depends on the type and 
condition of soils and crops

• Remote sensing scientists use the intensity measured 
at different wavelengths to model soil and crop 
information

*2016 Census of Agriculture 3
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The Beautiful* Electromagnetic Spectrum

Reflected Visible and Infrared
• Visible:   0.4 to 0.7 μm
• Infrared: 0.7 to 3.0 μm
• Amount of energy reflected 
depends on plant pigmentation, 
internal leaf structure and 
moisture

Microwaves
• wavelengths of 1 cm to 1 m 
• “all weather” sensors (unaffected by clouds)
• deeper penetration than visible/IR 
• sensitive to 

• moisture in soil and canopy 
• canopy structure (size, shape and 
orientation of leaves, stalks, and fruit; plant 
spacing and row orientation)
• surface soil roughness

*emphasis mine



Canadian Leadership

• Canada is a leader in the development, operation and use of radar satellites (RADARSAT-1, 
RADARSAT-2 and ((future) RADARSAT-Constellation); 30+ years of research and 20+ years of 
operations 

• Synthetic Aperture Radar satellites (SARs) are unaffected by clouds and are a critical source 
of data when timeliness is important, for example during periods of emerging risks 

• AAFC is a leader in the development of SAR methods to map and monitor crops and soils. 
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launch 2019
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Annual Crop Inventory (Operational)

• In 2004 the Canadian Space Agency funded AAFC to develop the use of SAR data to monitor crops
• After 3 years of research the method was transferred to Agro-Climate, Geomatics and Earth 

Observations (ACGEO)
• The annual crop inventory is now operational and entering its 10th year 
• Maps are available through open data portal: used by governments (federal, provincial, municipal), 

commodity groups, industry and academia
• Base data for land use monitoring and as input into modeling (yield, runoff, disease etc.)

2014 AAFC Annual Crop Inventory
0 250 500125

Kilometers

2014 AAFC Annual Crop Inventory
0 250 500125

Kilometers
2014 AAFC Annual Crop Inventory

0 250 500125

Kilometers

Crop Type Mapping in Canada (2014)

Cartographie des types de cultures au Canada (2014)
ACGEO, Earth Observation

Science and Technology Branch / Direction générale des sciences et de la technologie

Agriculture and Agri-Food Canada / Agriculture et Agroalimentaire Canada
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Estimating Biomass and Leaf Area Index

Manitoba, 2012

LAI and biomass estimates for corn, 
soybeans and wheat

Uses dual-polarizations and LUT for 
inversion

Errors for LAI RMSE (𝑚2𝑚−2) MAE (𝑚2𝑚−2) R

Corn HH-HV 0.84 0.65 0.83

Corn VV-HV 0.75 0.62 0.81

Soybeans HH-HV 0.64 0.44 0.80

SoybeansVV-HV 0.63 0.44 0.80

Hosseini, M., McNairn, H., Merzouki, A., and Pacheco, A. 
(2015). Estimation of Leaf Area Index (LAI) in corn and 
soybeans using multi-polarization C- and L-band radar data. 
Remote Sensing of Environment, 170: 77-89. 

Hosseini, M., and McNairn, H. (2017). Using multi-
polarization C- and L-band radar to estimate biomass and soil 
moisture for wheat fields. International Journal of Applied 
Earth Observation and Geoinformation, 58:50-64
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Estimating Surface Soil Moisture

Soil moisture from 
RADARSAT-2 

integrated into 
hydrological model, 
improving stream 

flow forecasts

Dry conditions: 20 October Post-irrigation drying: 30 OctoberIrrigation occurs: 23 October

Maps of percent soil moisture from RADARSAT-2 (wet=blue)

Flood Risk

Precision Irrigation in Chile

Survival of chicory seedlings 
depends on adequate access 

to soil moisture

Percent soil moisture (wet=blue)
Data from Canada’s RADARSAT-2 

and future RADARSAT-Constellation



Identifying Crop Phenology

• AAFC collaborated with A.U.G. Signals who developed a 
machine learning algorithm to identify and forecast crop 
growth stage (BBCH scale), on a daily time step

• Input data are RADARSAT-2 and TerraSAR-X imagery

• The machine learning algorithm updates existing estimates 
of growth stages and improves forecasts as new data 
become available

• Results were “blind tested”; method achieved very high 
accuracies

Yellow fields 
identified as 
canola fields in 
bloom

McNairn, H., Jiao, X., Pacheco, A., Sinha, A., Tan, W., 
and Li, Y. (2018). Estimating canola phenology using 
synthetic aperture radar, Remote Sensing of 
Environment, 219: 196-205.

leaf dev.

form. side shoots

stem elongation

inflorescence

flowering

dev. fruit

ripening

senescence
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Now What?



Integration of Geospatial Data to Assist with Crop 
Disease Risk Assessment
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• AAFC funded a Growing Forward-2 project (2016-2019) titled “Monitoring crop 
disease risk using moisture persistence and crop growth metrics delivered from 
satellites – a decision tool for Canadian producers”

• The remote sensing research team (AAFC in Ottawa and Winnipeg) have 
developed methods to estimate surface soil moisture (top few centimetres) and 
crop biophysical information, using Synthetic Aperture Radar (SAR) satellites

• Although methods continue to be developed, the time has come to begin 
integrating these science-based methods to inform decision making

• The team believed that many of these geospatial products could help the sector 
better understand where risk of crop disease might be elevated

• Because of our research on radar and estimating soil moisture, this project 
focuses on diseases that can occur in persistently wet conditions



The Vision
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An interactive platform that integrates high resolution (~100 m) geospatial data of soils, 
meteorological and management factors that affect risk of crop disease, covering the 

Canadian Prairies and updated daily

Space technologies to inform

Geospatial information supports targeting, 
deployment and diagnostics



Project Team

Project Leads: Heather McNairn (Ottawa) and Jarrett Powers 
(Winnipeg)

Current Team:
Xianfeng Jiao (AAFC-Ottawa; geomatics)
Amine Merzouki (AAFC-Ottawa; geomatics)
Xiaoyuan Geng (AAFC-Ottawa; geomatics, soils)
Kurt Gottfried (AAFC-Winnipeg; geomatics)
Matthew Friesen (AAFC-Winnipeg; geomatics)
Allan Howard (AAFC-Regina; soil moisture)
Kelly Turkington (AAFC-Lacombe; Plant Pathology)
Noryne Rauhala (AAFC-Lacombe; Plant Pathology)
Henry Klein-Gebbinck  (AAFC-Beaverlodge; Plant Pathology)
Bruce Gossen (AAFC-Saskatoon; Plant Pathology)
Steven Strelkov (University of Alberta; Plant Pathology)
Andy Nadler (Peak HydroMet Solutions)
Dan Heaney (Farmers Edge)
Marco Carrera (EC; Montreal)
Stephane Belair (EC; Montreal)
Mohammed Daboor (EC; Montreal)
Mattia Francesco (Consiglio Nazionale delle Ricerche, Italy)

Anna Pacheco (now with Living Labs)
Kian Zolfaghari (now with University of Waterloo)
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A.U.G. Signals Ltd. collaboration with AAFC

• Funding received under Growing Forward-2 Agri-
Innovation Program (AIP) to develop a method to 
determine crop phenology exclusively using 
satellites (radar and optical).

• Focus has been initially on canola, but method 
can and will be tested on other crops

Lim Geomatics

• AAFC provided a contract to Lim to pull all 
geospatial data layers together in a Disease Risk 
Tool (DiRT). Contract ended on March 31, 2018.

• V1.0 has been delivered; much more can be done 
to modify and extend this in the future



Project Objectives

1. Define the disease risk factors that are important in determining level of risk 
(completed for sclerotinia and club root)

2. Create a soil moisture persistence metric based on estimated surface soil 
moisture (how long has the soil stayed wet) to augment the precipitation risk 
factor

3. Develop a method to identify key crop phenology stages using remote sensing

4. Produce meteorological (rain and temperature) data relevant for disease risk 
assessment 

5. Develop a tool that integrates geospatial data in a “dashboard” reflecting 
disease risk (version 1 completed by Lim Geomatics)
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Test Site – Elm Creek, Manitoba

 

                

Location of the Elm Creek test site network in Manitoba. 
Black dots show locations of the in situ stations.

Manitoba is the site for primary 
development. Methods and tools developed  
can be adapted for SK and AB

Real-time In-Situ Soil Monitoring for Agriculture (RISMA)

Soil moisture and temperature: 0-5, 5, 20, 50, 100 cm

Meteorological measurements: soil temperature, 
precipitation, air temperature, relative humidity, wind 
speed, wind direction



Risk of Sclerotinia
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http://www.canolawatch.org/wp-
content/uploads/2011/06/Sclerotinia-check-list1.png

http://www.canolawatch.org/2016/06/30
/sclerotinia-risk-factors-and-spray-timing/

If a field has regular rains or high 
humidity or both from two weeks 
before flowering and through 
flowering, then infection will likely 
occur. If these conditions continue 
after flower, severity of the disease 
will be high and yield loss will be 
significant.
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• these are the contributing factors  deemed most important
• 2 of these factors (history of disease, crop density) would require producers to 

input/select options 
• the remaining factors could be derived from geospatial and satellite sources

In  g   ing C nol    l  o ini   nd Cl b oo  Risk F   o s in o AAFC’s Dis  s  Risk  ool (DiR ) 

Risk Factor Metric Temporal  
Step 

Spatial  
Scale 

Information Source 

Producer 
Input 

Satellite Modeled Soils 

1.History of 
disease 

Disease incidence in last 
host crop in producer 
field, and adjacent fields 

Once during the 
winter or beginning 
of season 

Field level Yes    

2.Soil moisture* Number of days soil is at 
or near field capacity 
Low: <7 days (28 
consecutive 6-h blocks)  
Moderate: 7-10 days 
(28 to 40 blocks)  
High: >10 days as high 

Updated every 6 
hours 

Field level  Yes (bare 
conditions and 
assimilation into 
ECCC model) 

From ECCC clay and sand 
fractions for 
dielectric mixing 
model 

3.Crop Density Density of vegetation Once, beginning of 
season 

Field level Yes    

4.Rainfall * 
 

at least 5-10 mm on > 
than 2 days per week 
 

Updated every 6 
hours 

Regional   From ECCC  

5.Temperature* minimum temps of 
>10oC and maximum 
temps of 20 to 30oC 

Updated every 6 
hours 

Regional   From ECCC  

6.Crop 
phenology* 

Date of flowering As often as data 
permits 

Field level  Yes   

7.Cropping 
History* 

Number of years since 
last canola crop 

Once, during the 
winter or beginning 
of season 

Field level  Yes   

8.Mico-
topography 

Elevation  Once in five years Field/regional  Yes   

9.Soil texture Clay/sand fractions Once in five years Field/regional    Yes 

10.Soil pH Acid soils (< pH 6.5) Once in five years Field/regional    Yes 

For both club root and sclerotinia 

For sclerotinia 

For club root  



Risk Factor #2: Surface Soil Moisture

T1 T3T2 T4

RCM 1 RCM2 RSAT
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RCM2

Soil moisture modeled using IEM 

Bare Soil Conditions (April-May)

ECCC Land Surface Model (LSM) which assimilates 
satellite data (SMAP brightness temperatures) to 
estimate surface soil moisture, precipitation and 
temperature

Developing a new Surface Prediction Systems (SPS)

Hourly time stamp

Soil moisture: 100 m
Precipitation and temperature: 2.5 km

Soil moisture estimated 
from RADARSAT-2 

Active Growing Season (June – August)

Simulated soil moisture 
from ECCC LSM



Risk Factor #2: Moisture Persistence 
(last 2 weeks; updated every 6 hours)

19

VWC (m3. m-3)

0.05 1

ECCC delivers hourly 
soil moisture (100 m)

Binned into average 
moisture every 6 hours

12 AM 6 AM 12 PM 6 PM

Number of 6h blocks

0 56

Using soil specific field 
capacity, calculate 
percent of FC (how full 
are soil pores)

Determine number of 6h 
blocks (last 2 weeks, soil 
has stayed wet (above 
75% of FC)

Can be easily adapted



12 AM 6 AM 12 PM 6 PM

Temperature (oC)

0 20

Precipitation (m)

0.0 0.09

Risk Factors #4 and 5: Temperature and Rainfall

ECCC delivers 
hourly 
temperature and 
rainfall (2.5 km)

Temperature 
averaged for each 
6h block

Precipitation 
represented as 
accumulated 
rainfall for last 6h



• Even when soil and meteorological conditions are conducive to 

disease developing, risk is not high unless crops are in specific 

development stages (for sclerotinia this is during flowering)

• Original thinking was that user would select

• Research over a number of years has demonstrated that radars 

respond to changes in crop structure, biomass and leaf area.

• Under leadership of A.U.G. Signals, method was developed to 

identify and forecast phenology on a daily time step based solely on 

radar responses.
21

Risk Factor #6: Crop Phenology
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Risk Factor #7: Cropping History

Each year AAFC’s ACGEO team delivers a crop map. 

Resolution is 30 m and covers entire agricultural extent of 
Canada.

Used these crop maps to determine how many years ago, 
each field was planted to canola.

How many years ago was 
canola planted?
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Next-Gen

Farmers “tag” disease observations in DiRT
to improve robustness of risk assessment

Researchers access geospatial data layers 
to test, probe and improve disease models

2010: Sclerotinia in canola cost western Canadian canola 

growers $600 million in lost revenue

Where is risk emerging? (map and alert)

Who is affected? (assess and deliver)

What action is needed? (deploy and mitigate) Implementation
Satellites to Cell Phones

Monitor 
In-office monitoring by service 

providers

Alert
Boots on the ground to 

investigate high risk fields

Activate
Drones for field surveying and 

precision spray

Disease Risk Tool (DiRT)

A web application to integrate multiple 
layers of risk data

Canola check list uses layers of data to 
estimate level of risk (low to high) at field 
scales 

Updated daily

A
lg

o
ri

th
m

s



Source: http://proof.saskpulse.com/files/general/161209_Root_Rot_Brochure_v5_web.pdf

Other Diseases?

Yes
Yes
Yes
Yes



• Many of these risk factors can be 

adjusted given that they are digital

• These factors may be contributors 

to risk of other crop diseases 

• The purpose here was not to 

predict disease. Yet these 

geospatial data could be used to 

test, adapt or develop disease 

models

• DiRT is a version 1 and many 

additional enhancements can be 

made
25

K  p Consid  ing….

Next steps – Keep knocking on the door and 
hope it turns out better than it did for Wile E. 


