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Why Measure and Monitor Soil Moisture?

Flooding, excessive wetness, drought, pests, and disease
2001-02: Drought cost the Canadian economy $5.8 billion
2017: April/May set new rainfall records in eastern Canada

2014: Excess moisture insurance payments to Manitoba farmers
who were unable to seed ~$65 million (2,400 claims)

2011-12: more than $420 million was spent by Agri-Recovery on
climate related disasters mostly related to excess moisture.

2011: total costs from the 2011 Manitoba Flood topped $1 billion
with over $320 million going to the agriculture sector in Crop
Insurance and Agri-Recovery Programs.

2010: Sclerotinia cost western Canadian canola growers $600
million in lost revenue This disease is most severe in areas of high
soil moisture.

The common link: Not enough or too much soil moisture

Image source: AAFC
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Why SAR?

« Microwave response is very sensitive to the soil dielectric, which is a function of the
amount of water in the soil

_ j Careful: Penetration depth is dependent upon frequency and how wet soil is,
.« butregardless SARs are only sensing the top few centimetres
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«  AAFC tested several retrieval models and selected the IEM given its physical basis and
larger range of validity (in terms of soil moisture and roughness)

Original IEM (IEM)
« 3 unknowns (dieletric constant, roughness rms, roughness correlation length)

*  requires at least 3 measures of backscatter to resolve these 3 unknowns
»  backscatter measured at different polarizations or incidence angles can be used

« Calibrated IEM (CIEM)
«  reduces number of unknowns to 2 (dielectric constant and roughness rms)

»  requires only two backscatter measures to resolve



Overview of Soil Moisture Retrieval

» Uses Integral Equation Model (IEM)

* No a prior information is needed

IEM with  Soil moisture is retrieved using only

- | Fresnel SAR data (backscatter and incidence
Equations angle)
Radar Data
(HH and VV Backscatter) .
(Incidence Angle) ) Real . e
Dielectric ;
Soils Data
(Clay and Sand Fractions) 1
Dielectric
Mixing E——)
Model 2 |
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Information and images from: Merzouki and McNairn, 2015.



Backscatter Model Inversion Schemes

Ascending mode
(evening) image

Inversion Schemes:

(HHg1, VVe1) »Multi-polarisation:
° HH o1~ VV o1
° HH 02 - VVGZ
5| IEM/CIEM |« >
»>Multi-angles:
* HH o1~ HH 02
* HH e1 - VV 02
*Wg - VW
Descending mode vy :i i HHeezz
(morning) image
(HHGZI VVez) »>Hybrid:

where o “HHg - W - W
01 = image acquired at incidence angle 1 “HHg, - W, - HHg,

62 = image acquired at incidence angle *HHg, - Wg, - W : .
“HHg - W - HHg, - W, Multi-angles configuration using
2011-04-17 acquisition pair (FQ2-FQ5)

LA

Model inversion scenarios using original IEM and calibrated IEM
Multi-polarization approach Multi-angle approach
3
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Image source: AAFC




IEM Inversion Method (1)

 Inversion of the IEM is difficult to achieve analytically. Therefore, a Lookup Table (LUT)
approach was developed to estimate soil moisture.

« This method involves the creation of a table of backscatter values associated with surface
real dielectric constant, roughness parameters and incidence angle values generated by
performing multiple runs of the IEM within its validity range.

R . .
Roughness Co‘ﬁ%ﬁ‘:ﬁiﬁ Dielectric HH vV
rms length constant backscatter backscatter

@& Variavles - IEM_cb_nt_RIC

(1IEM_cb it RDC x|
== 1EM_cb)$t_Roc <583085S double>
1 2 3 4 5 6 7
1 1 31258  -148125  -116705 -
2 0.3000 1 34200  -141961  -11.0004
3 0.3000 1 37481  -136548  -10.4100
4 0.3000 1 40804  -131746 -9.8848
5 0.3000 1 44268  -127451 -9.4138
6 0.3000 1 47873 -123582 -8.9885
7 0.3000 1 51620  -12.0074 -8.6021
8 0.3000 1 55507  -11.6876 -8.2493
9 0.3000 1 5953  -11.3948 -7.9255
10 0.3000 1 63706  -111254 -7.6273
11 0.3000 1 68017  -10.8766 -7.3515
12 0.3000 1 72469  -10.6460 -7.0955
13 0.3000 1 77062 -104317 -6.8573
14 0.3000 1 81796  -10.2319 -6.6350
15 0.3000 1 86671  -10.0451 -6.4269 -
< 1T} »

Original TEM Look Up Table



IEM Inversion Method (2)

 For both inversion methods (multi-pol and hybrid), the algorithm attempts to
retrieve a global minimum through minimizing a cost function 4 representing the
least square difference between measured (o), yeqs) and simulated (o, 1z OF

o,y crem) Dackscatter coefficients of the form (pp is the transmitted/received
polarization that can be HH or VV):

I 2 2
A(Multi — pol) = \/ (0fn meas — Ffnciem)” + (O0v Meas — Vv ciem)

2 2
0-0 — O‘O + O.O _ O_O
A(Hybrid) — ( HHO1,Meas HH61,IEM) ( VVO1,Meas VVHl,IEM)

2 2
(0] (0] (0] (0]
\ + (UHHGZ,Meas — O-HHQZ,IEM) + (GVVHZ,MeaS — GVVBZ,IEM)



Soil Moisture Retrieval Processing Chain

Data Ingest

| Data Pre-processing |
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where

LIAg, = local incidence angle band of the morning image
LIAg, = local incidence angle band of the evening image



Soil Moisture Processing Using RADARSAT-2

Inputs

- HH and VV backscatter

- incidence angle

- clay and soil fraction maps

Processing
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Soil Moisture Processing in SNAP: Multi-pol
Method (1)

 Soil moisture map derived from one RADARSAT-2 acquisition using the
multi-polarization approach

Read
Y
Calibration
Speckle-Filter
N
Terrain-Correction ai IEM-Mutti-Pol-Inversion
y
AddLandCover

)iSM-Dielectric-Modellng

al Land-Cover-Mask

—>{ Wite

Multi-pol inversion graph using a single RADARSAT-2 images
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Soil Moisture Processing in SNAP: Multi-pol
I\/Iethod (3)

- o W
Graphoorm

Read Raw Data:

1. Browse to the RADARSAT-2
Image to be processed

2. Select the zipped folder
containing the raw image

[Read || Catiraton | Specde-Fiter | Terran-Correction | 1EM-#us Pol-inversin | AddLandCover | SM-DielectricMo... | «| »
Source Product

Name:
(1) RS2-S.CFQIEW-DES-12-May-2016_12.44-P05_05057610 v (o)

Data Format: Mym v:

[olioes | Bsove || R oo [ (Arce | @ oo [ D>oen |




Soil Moisture Processing in SNAP: Multi-pol

Calibration:

1. Select HH and VV
intensity bands

2. Save in dB

[ Basee | Rpoor | Froe | @ [ Deun




Soil Moisture Processing in SNAP: Multi-pol
Method (5)

Speckle Filter: I
1. Select Boxcar filter 1
2. Use 5 x 5 filter size
| Read | Calbration| Specde Fiter | Terrain-Correcton | 18M44dt-Pal-inversien | AddandCover | SMDlectico... | «| »
T’&'ﬁ’
Sze ¥ (odd number): ¢ |
[ o | Bysne | oo [ Frowe | @reo [ Dan




Soil Moisture Processing in SNAP: Multi-pol

Terrain Correction:

1. Select “Auto Download”
for the DEM

2. Use the default setting for
the other parameters

»
| »
Source Bands: _y#_d8 2
ﬁ_w.a
Dwptal Blevason Moded: |SRTM 3Sec (Auto Download) =] -
DEM Resamping Method: |BILINEAR _INTERPOLATION -
Image Resamping Method: f..u‘ AR_INTERPOLATION -
Source GR Pocel Spacngs (a2 x rg): 5.‘9(&):8.0_0")
Pixel Spacing (m): 13.23
Pixel Spacng (deg): 1.18847112089012764 |
Map Projecton: [ WGSS4{DD) ] —
[V Mask out areas without elevaton Output complex data
Output bands for:
[¥] Selectad source band loem 17| Latitude & Longitude
[¥] incidence angle from elipsoid |7 Local inodence angle || Projected local incdence angle ~

[(ERtess | Basee || Rpcew | Frwow || @rme || Drn |




Soil Moisture Processing in SNAP: Multi-pol
.I\/Iethod (

IEM Multipol Inversion:
1. Select calibrated IEM LUT

2. Use the default setting for
the other filtering - -
parameters a 1 ol

lwlcuuamlsmﬂultmmml TEM-Multi-Pol-Inversion | AddLandCover | SM-Dielectric-Mo... | «[ »

IEMLUT: |C:\Users\jiaox), snap\auxdata\sm_luts\IEMC_cb_nt_RDC_RSAT2. Q... v [..]
[} output rms

= dosest sigma match from LUT search (N): s

Diameter of neighbourhood to average (M): |5

RDC threshold: 5.0

[Eow ][ Baswe [ Rpcer || FArow | @ree | Do |




Soil Moisture Processing in SNAP: Multi-pol
Method (8)

7 éile : Graphs

Add land Cover:
1. Select the land cover file

2. Select sand and clay
fractions maps

| Read | Calbration | SpedideFiter | Terran-Correction | 1EM-uitiPol-inversion || AddLandCover || sM-Dielectric-Mo... | «| » |

|Land Cover Model: AAFC Canada 2000 Crop
AAFC Canada 2009 Praines Crop
AAFC Canada 2010 Prairies Crop

>
AAFC Canada Sand Pct
GLC2000
GlobCover
MODIS 2007 Tree Cover Percentage
MODIS 2010 Tree Cover Percentage
NFT KNN Biomass Stem Wood
INFI KNN Biomass Total Live AGB
NFI KNN Merchantable Volume
NFT KNN Stand Height
INFI KNN Total Volume
NFI KNN Vegetation
INFI KNN Vegetaton Treed
US NBCD Biomass FIA

= ' [
Masiocx g TION : =] .
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SM dielectric Modeling:

1. Select “Hallikainen”
mixture model

2. Use default values for other
parameters

Hallikainen model was used to estimate the
volumetric soil moisture, which is based on
retrieved dielectric values. This model requires
the soil texture information (clay and sand
fractions)

& = (1.993 + 0.002 S + 0.015 C)

+(38.086 — 0.176 S — 0.633 C) m,,
+(10.720 + 1.256 S + 1.522 C) m?2

Where:

er =real part of the dielectric constant
mv = volumetric soil moisture fraction

S soil sand fraction

C = soil clay fraction

Information source: Hallikainen et al., 1985.

€D Graph Builder : MultiPol_FullGraph.xml!
File  Graphs
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Soil Moisture Processing in SNAP: Multi-pol
Method (10)

fila Geophs

Land Cover Mask:

1. Select land cover valid
agriculture classes.

2. Check “Exclude all other

2
bands
| m J
| Terran-Correcton | | AddandCover | SM-Dislectric-Modeling || Land-Cover #ask || write | >
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&wm
outher
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Soil Moisture Processing in SNAP: Multi-pol
Method (11)

@ Graph Builder : MultiPol_FullGraphxmi

Write Output:

1. Browse and name the output file.

2. Select the appropriate format for
the retrieved soil moisture
product.

3. Run the module

File Graphs

|«
pey

|
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Name:
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Drectory:
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Soil Moisture Processing in SNAP: Multi-pol
Method (12)
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Soil moisture map obtained by inverting the calibrated IEM and using a single
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 Soil moisture map derived from one AM RADARSAT-2 acquisition and one
PM RADARSAT-2 acquisition using multi-angles / muti-polarization approach

« RADARSAT-2 AM and PM data collected only ~12 hours apart. The hybrid
Inversion method is performed on the overlapping geographic area.
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Hybrid inversion graph using two RADARSAT-2 images



4 SNAP
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Soil Moisture Processing in SNAP — Hybrid
Method (3)
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How Do We Validate Soil Moisture Estimates?

Real-time In-Situ Soil Monitoring for Agriculture (RISMA)
» Soil moisture and temperature: 0-5, 5, 20, 50, 100*, 150* cm

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

Image source: AAFC

Real time delivery of quality checked and calibrated soil
moisture data, as well as meteorological data

MB Network

12%ttions ' http://agriculture.canada.ca/SoilMonitoringStations/index-
' ' en.html
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Soll moisture is a critical variable in agri-environmental monitoring as it influences rates of crop growth and productivity, o S
rates of soil biogeochemical processes which impact soil fertility and it also determines boundary layer conditions that = L
drive meteorological processes.
In 2010 and 2011, Agriculture and Agri-Food Canada (AAFC), with the collaboration of Environment Canada,
established three in situ monitoring networks near Kenaston (Saskatchewan), Carman (Manitoba) and Casselman
(Ontario) as part of the Sustainable Agriculture Environmental Systems (SAGES) project titled Earth Observation l h
Information on Crops and Soils for Agri-Environmental Monitoring in Canada -40 0 - s 1
The near real time in situ soil moisture/temperature and precipitation data from these three networks are used to 11. Sep 25. Sep 9. Oct 23. Oct 6. Nov 20. Nov
calibrate and validate remote sensing and modelled soil moisture products. All the in situ stations in the Saskatchewan
and Manitoba networks are also equipped with meteorological sensors to complement the existing data with air
temperature, relative humidity, wind speed and wind direction. For more information on the data and the networks, . Precipitation [Precip (mm)] -+ 0to5 cm Depth Sensor 1 IWFV m]
please consult the RISMA Network Metadata report on the link below.
0 to 5 cm Depth Sensor 2 [WFV (%)]
<0~ 0 to 5 cm Depth Sensor 3 [WFV (%)]



http://agriculture.canada.ca/SoilMonitoringStations/index-en.html

Accuracy o Soil Moisture Estimates

Nov. 13, 2012
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Image source: Merzouki and McNairn, 2015
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