Microwave Remote Sensing
of Soil Moisture




Soil Moisture (SM)

e Agriculture
e Hydrology
 Meteorology



M easur ement Techniques

Survey of methods for soil moisture determination, Water Resour ces Resear ch, VVol. 16, No.6, Page961-
879, 1980, Schmugge et al. (1980)

In Situ Methods

e Gravimetric

* Nuclear Technigues

e Electromagnetic Techniques
e Tensiometric Techniques
 Hygrometric Techniques



Remote Sensing M ethods
* Visible & near IR — Reflected Solar

 Thermal IR — Surface Temperature

e Passive Microwave— Microwave
Emission/Brightness Temperature

e Active Microwave — Backscattering
coefficient/dielectric properties



Gravimetric Techniques

e Oven drying a soil sample at 105°C for about 12
hours.
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Nuclear Techniques

e Fast neutrons emitted by an Americium
241: Beryllium radioactive source are
themalised (slowed) by hydrozen in the test

sample

Advantages: SM can be measured at the any time, aver age
SM can be measured with depth, system can be interfaced
for automatic recording, temporal SM changes can be
measured, readingsare directly related SM

Disadvantages : Surface soil moisture isnot accurate, care
must be taken to minimize health risks.






Electromagnetic Techniques

* Thetechniqueisbased on the electrical properties
of the soil that varies with soil moisture. Resistivity
or Capacitance between electrodesin asoll is
measur ed for Soil moisture.

Complex Dielectric Constant
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Tensiometric Technigues

Measuresthe capillary tension or the energy with
which water i1sheld (suction) by the solil.

Tensiometer s consist of porous ceramic cup
connected by a continuous liquid column to a
vacuum gauge or transducer.

Advantages : easy to design, cost little, at any
conditionsin real time, placed in soil easily,

Disadvantages : Only measur es soil water suction,
but only indirect measurement of soil moisture
content; during installation, it may break.
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Soill Water M odels

SM .= SM,_,;+P-R-L-E-T+C-Q

SM, — Soil moisture at timet

SM ., —Soll moisture at previoustime

P — Precipitation

R — Surface Runoff

L - net lateral subsurface outflow

E —Evaporation or condensation

T —Transpiration e USDAHL Mode
C —Capillary rise from lower levels « NWSRES mode
Q - percolation



TRANSPIRATION

|

|

RUNOFF
|

i
INFILTRATION

/N 1
RDOT “
ZIONE ; \
7 j\ REDISTRIBUTION B HORZON
sl
J '

EVAPORATION

!

A HORIZOMN

.

LATERAL FLOW C HORIZON

I |
frJl/!;!af.- J,TTA}EEL}BLJE fﬂ/!f!'-“!
PERCOLATION

Fig. 2. Schematic diagram of soil-plant-atmosphere-water (SPAW)
system.



Remote Sensing M ethods

Visible Technique: Reflected solar energy
IS measur ed.
(0.4 —-1.7 nm)
* Relationship between Reflectance and SM
Depends on reflectance of dry soll,
roughness, colour, illumination,
or ganic matter, soil texture.



Thermal Infrared Technigues

 Diurnal range of Surface Temperature(T .- T min)
or Measurement of crop canopy —air temperature
differential.

* (Tax T min) dependson internal and external factors

min
 Internal factors: Thermal conductivity(K) and heat capacity

(C) whereP = (KC)¥2 isknown as Thermal Inertia. K and C
Increases with Soil Moisture.

e External Factors: solar radiation, air temperature, RH,
cloudiness, and wind.



Diurnal Temperature Variation versus Soil Moisture
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MODI S Datafrom Terraand Aqua Satellites

Swath : 2330 Km and coversthe same areal or 2 days
Spectral Bands: 36 ; Wavelength : 0.405 — 14.385

Resolution : 250m (bands 1-2, 500m (bands 3-7), 1000m(8-36).

Surface/Cloud
Temperature3l 10.780-11.280

32 11.770 - 12.270
LANDSAT —7 band-6 (10.4 —12.5 microns, Resolution 60 m)



Microwave Remote Sensing

l 0.3-300 GHz (wavelength 1 m-1mm)

l

Passive
(Radiation or Ty )
Radiometers

Tg=eT

Whereeisemissvity and T
Isphysical Temperature

l

Active
(Backscatterings,dB )
Radar

s, depends on dielectric
properties of sail,
geometric properties and
system parameters.



Advantages

 All weather Capability I
« Day-night ability MY
* Penetration through a medium
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Passive Microwave Remote Sensing

Emitted Radiation in Passive MRS
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Brightness Temperature
€—Emissivity, T — Physical Temperature

Fresnel Reflection Equations-er

Cosq - vJe- Sn%
Cosq ++/e- Sn¥
eCosq - ve- Snq i
eCosqg +ve- Snq
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Radiometer Systems and their Parameters

Parameters

Launch date

Frequency
(GHz))

Polarization

IFOV (km x km)

Swath width
(km)

Revisit
coverage(days)

Incidence angle
(deg.)

Sensitivity

SSMRin
NIMBUS-7

1978-87

6.6, 10.7, 18.0, 21
and 37 GHz

H&V

148x95, 91x59,
55x41, 46x30,
27x18

822 km

50.3 (at the surface)

04,05,0.7,0.7, 1.1

SSMI/I

1987/92/95

19.3,22.2 (V),
38.0 and 85.5 GHz

H &V (except 22.2
GHz)

69x43, 60x40,
37x28, 15x13 km

1400 km

1 day

53.3 (at the
surface)

0.8,0.8,0.6,1.1

IRS-P4, MSMR

May 26, 1999

6.6, 10.65, 18, 21

H&V

150x144, 75x72,
50x36, 50x36 km

1360

2

43.13

0.6, 0.75, 1.05,
11

EOSAqua
AMSR-E

May 4, 2002

6.6, 10.65, 18.7,
23.8, 36.5, 89

H&V

76x44, 49x28,
28x16, 31x18,
14x8, 6x4 km

1445

2

54 (at the surface)

0.3, 0.6, 0.6, 0.6,
0.6,1.0

ADEOS-II AMSR

Jan. 16, 2004

6.6, 10.7, 18.7,
23.8, 36.5, 89, (50.3V
and 52.8 V

pnl arization onl y \

H&V (except Iast 2)

70x40,46x27,25x14,2
8x17,14x8,6x3,10x6
km

1600

2

54 (at the surface)

0.3,0.6,0.6,0.6,0.6,1.0,
1.3,0.9



Polarization
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IFOV, Swath, Incidence Angle
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SSM/I
Satellite

Jefenze Meteorological Satellite Program (DMSF) Block SD-2 saiellite with the Special Sensor Micmwia
{SEMTY located at the upper lefi.
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EOS-PM (AQUA-1) Satellite http://www.agua.nasa.gov

AMSR-E, Launched May 4, 2002



Data Available
from Feb. 2003
onwards

Frequencies(GHz)  Resolution (km)
6.6, 10.65, 18.7, 76x44, 49x28, 28x16,
23.8, 36.5, 89 31x18, 14x8, 6x4



Active Sensor Systems

and System Parameters

Parameters Sear ERS-1,2 JERS Radars SIR-C ENVISAT Radarsat
sat -1 a -2
Launch June July 91 Feb. Nov. Apr & Oct. March 1, 2004
197 &Apr 92 95 1994 2002
8 95
Frequency 1.27 5.3 1.275 5.3 1.2,5.3,9.8 5.3 5.3
5
Waveleng.,c 235 5.6 235 5.6 2355.6,3.1 5.6 5.6
m
Resolution(m 25 30 18 10 - 25 30 10-100
) 100
Swath (km) 100 100 75 3B - 15- 90 150-1km 35-500
500
Look anlge 23 23 35 20 - 50 20-55 20- 50 20-50
Polarization HH \AY HH HH HH,VV H HH,VV HH,VV
\Y
Looks 4 4 3 1- 4-14 4




Elementsof a Typical Remote Sensing Radar
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ERS1 Satellite with C-band VV SAR system

wind Scatterometer Antennae

SAR Antenna

System Parameters

Launch: July 91 & Apr ‘95 (ERS2)
Frequency : 5.3 GHz (I =5.6 cm)
Resolution : 30 m

Swath : 100 km

L ook Angle: 23°

Polarization: VV

L ooks 4




RADARSAT-|

Solar Arra? Penith S-Ban Battery Radiator Systern Par ameter S

Bus Module

:r ‘___{\ Solar Array Tie-Downs FrequenCy 53 GHZ
e '- _'.:» > — Solar Array ( | =5.6 Cm)
yax o Il Resolution: 10 -100 m
Oy At . R NG Swath : 35 -500 km
SAR Antenna ~ ‘ X-Band Antenna ¥: | Payload Module L ook Angle: 20 -50°
SAR Antenna Tie-Downs Nadir S-Band Antenna Polar|zat|0n HH
Looks: 4to 14




Future SAR Systems
ENVISAT (Launch Date: March 1, 2002)




ENVISAT ASAR Operating Models

global momitoring
VV or HH

1000 m resolution
405 km swath width

//E flight direction

wide swath
VW or HH
150 m resolution image
405 km swath width YW or HH
30 m resolution
up to
100 km swath width

alternating
polarnsation

VW or HH

30 m resolution

up to

100 km swath width

wave

WV or HH

30 m resolution

5 x 5 km vignettes




First Imag

e from ENVISAT
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Incidence Angle L ocal incidence angle




Slant Rangeto Ground Range




Geometric Effects

Foreshortening L ayover Shadow




Speckle Reflection, Corner

Diffuse scattering Reflector

Volume Scattering



Surface Roughness Ao
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Plot 4 of 1989 field (Pomaz) experiment




POINT TARGETS

DISCRETE TARGET WITH SIMPLE CONFIGURATION
STRONG RADAR RETURN DISPROPORTIONATE TO ITS SIZE

EXAMPLES: BUILDINGS, TRANSMISSION TOWERS, BRIDGES:
A: DIHEDRAL CORNER REFLECTOR

SPECULAR REFLECTIOM
FROM TWO PLAME,
PERPENDICULAR

-~ SURFACES

SPECULAR REFLECTIOMN
FROM THREE PLANE,
PERPEHDICULAR
SURFACES







FIGURE 2X-8

RADAR EQUATION

RELATES RECEIVED POWER (Pr) TO RADAR
AND TARGET PARAMETERS
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Advanced Land Observing
Satellite (ALOS) 2004

PALSAR (Phased array SAH




LightSAR (USA & Germany
L - and X-band

All Polarizations

RISAT (Radar Imaging Satellite)

C-band in 3 modes



Cryosat

Radar Altimeter Mission

Determine the variation in the thickness of
the | ce sheets to be planned to Launch 2004

Range
Resolution 4.6
cm, accuracy 1
or 2cm




|ndian RISAT SAR

L aunch year - 2006
Freguency = 5.35 GHz

Resolution HRS 1-2 m
with Swath 10 x 10 km,
single/dual polarization

FRS-1 mode 3-6 m with
swath 30 km, single/dual
polarization

FRS-2 model 9-12, with
swath 30 km, Quad
polarization

MRS/CRS mode 25- 50
m, with swath 120/240
km, single/quad



