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Context

• Accurately determining soil moisture at the field scale is useful 
for many agricultural applications1, 2.

• Active microwave satellites can be used to estimate soil 
moisture as they cover large areas at a high spatial resolution3.

• RADARSAT-2 uses C-band radar and surface backscatter can be 
related to surface soil moisture.

Figure 1: Artist rendition of RADARSAT-2
(source: Canadian Space Agency)

• Backscatter from the overlying vegetation can minimize the 
sensitivity of RADARSAT-2 to changes in soil moisture, but the 
point at which this occurs as the vegetation develops is 
relatively unknown.

• Previous studies have examined the backscatter power 
relationships to vegetation parameters such as leaf area index 
(LAI) and vegetation water content (VWC), but have not 
quantified the point at which the vegetation saturates the 
backscatter signal.
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Figure 2. Map of the study area with the four fields indicated within the ERS.

Figure 7a): the piecewise regressions between LAI and HV, VV and HH with the standard errors of each inflection point (0.529, 0.694 and 0.007) respectively.
Figure 7b): the piecewise regression between VWC and HV, VV and HH with the standard errors of each inflection point (0.047, 0.773 and 0.045) respectively. 

Vegetation Inflection
Backscatter: Soil 

Moisture R2 Before
Backscatter: Soil 

Moisture R2 After

HH:VWC 0.20 kg m-2 0.4193 0.1397

HV:VWC 0.20 kg m-2 0.4846 0.0007

VV:VWC 1.84 kg m-2 0.0911 0.0406

HH:LAI 2.04 m2 m-2 0.0396 0.0747

HV:LAI 1.73 m2 m-2 0.0169 0.0005

VV:LAI 2.15 m2 m-2 0.1174 0.0188

Table 1. The respective inflection points were used to determine the relationship 
between the backscatter before and after the inflection point, relative to the 
ground measured soil moisture. A linear regression was run on each of these now 
segmented datasets. 

Processing Methods

a) b)

Vegetation

• Field scale LAI and VWC were measured within a 
few days of each RADARSAT-2 overpass.
•In order to create a time series, LAI and VWC were 
measured at the same location each time.
•LAI was measured using an LAI-2200C according to 
the row crop standards.

•VWC was estimated 
through destructive 
sampling, with the water 
content measured per 
unit ground area (kg/m2).

• Soil moisture was 
manually measured in 
each field 
• Real dielectric constant 
(RDC) was measured 
using a handheld 
Stevens POGO. 
• This was done across 
16 points on each field3

• At each point a soil 
core was extracted. 
• 3 RDC measurements 
were also taken around 
each of the cores.
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When does RADARSAT-2 lose sensitivity to soil moisture 
due to increased vegetation? 

1) Determining the point of inflection between backscatter 
response and the development of both LAI and VWC for 
corn fields using a piecewise regression.

2) Comparing the strength of the relationship between 
RADARSAT-2 backscatter and field based soil moisture 
measurements during vegetation development before 
and after the derived inflection point.

RADARSAT-2 Backscatter
• Fourteen/ Sixteen Fine Quad Pol Radarsat-2 scenes were 
obtained over the study region from June to the end of 
August 2015/ 2016.
• All scenes were FQ11 or higher, indicating higher incidence 
angles for greater sensitivity to vegetation. 
•Backscatter values (dB) were 
obtained using the 
RADARSAT-2 Polarimetric 
Toolbox (RSTB)
•Soil moisture derived from 
the RSTB and compared to 
field measured values.
•Field averaged backscatter 
and soil moisture were 
calculated and used in this 
study.

Statistics
• All analyses were conducted using SAS software version 
9.3.
•To determine initial parameters for the piecewise regression 
a local polynomial regression was applied7.
• A linear to plateau piecewise regression was performed for 
measured LAI and VWC relative to the co- (HH and VV) and 
cross-pol (HV) RADARSAT-2 backscatter.
•The inflection point was used to compare the ground 
measured soil moisture to the backscatter obtained before 
and after the inflection point in vegetation development.

•VV had the largest inflection points based on VWC (1.84 kg m-2)
and LAI (2.15 m2 m-2) which is unexpected as VV typically has 
greater sensitivity to standing vegetation5.

• HH, HV and VV to soil moisture relationships were all weak prior 
to the inflection when using LAI, compared to the results when 
using VWC.

•HH and VV are typically used when estimating surface soil 
moisture with RADARSAT-2. Therefore the strong relationship prior 
to inflection for HH based on VWC aligns with what is expected6. 

•With the ability to derive both LAI and VWC from optical imagery 
over large scales3, 4,  inflection points could be used as a tool to 
determine when the accuracy in soil moisture derived from 
RADARSAT-2 diminishes. 
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• The study was conducted at the University of Guelph Elora 
Research Station (ERS) located south of Elora, Ontario 
(43.641ºN, 80.405ºW) from vegetation emergence to 
harvesting in 2015 and 2016.

• Data was collected on four fields planted with corn as 
identified as Sites 1, 3, 4 and 5 in Figure 2.

Figure 6: Example 
of soil core used 
for calibration of 
the POGO (left) 

and the LAI-
2200C used for 
estimating LAI 

(right)

Soil Moisture

Figure 4. Soil moisture sampling 
transects. 48 samples were taken per 
field for every RADARSAT-2 overpass

Figure 5. RADARSAT-2 scene with 
field identifying polygons

Figure 3: example of corn growth in 
one of the four study fields 


