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Evaluat ion of  Tw o Methods f or  Determ ining Sur f ace Soi l  Moisture f rom Radar  Imagery
D. Thoma, R. Bryant , M. Moran, C. Hol i f ield- Col l ins, S. Sk i rvin, M. Rahman, E. Sano

Introduction:
Large area m oni tor ing of  sur f ace soi l  m oisture (to depths of  
5 cm ) m ay be possib le w i th radar  rem ote sensing techniques. 
 Tw o m ethods f or  predict ing sur f ace soi l  m oisture f rom  radar  
satel l i te im agery w ere tested in AZ , GA and OK.  Close 
at tent ion w as paid to issues of  roughness (Lc, rm s) and 
speck le w hich both l im i t  the scale and accuracy of  soi l  
m oisture predict ion using radar  techniques.

Methods:

Field:  Sur f ace soi l  m oisture m easurem ents w ere m ade 
com m ensurate w i th satel l i t e overpass ei ther  gravim et r ical ly, 
or  w i th capaci tance probes.  Roughness m easurem ents w ere 
m ade w i th a 1- m eter  p in board. 

Imagery:

Type Resolut ion Polar iz. Band Inc. 
Angle

Radarsat  7 m   HH    C      46

ERS- 2 25 m  VV     C      23

Im age p ixels w ere ei ther  m edian f i l t ered, then averaged 
(Radarsat ), or  sim ply averaged (ERS- 2) over  the ground 
locat ions w here soi l  m oisture w as m easured. 

Models: 

1) The Integral  Equat ion Method (IEM) m odel  w as inver ted 
using a a Look - up- Table (LUT) to est im ate soi l  m oisture 
f rom  backscat ter  and roughness input  var iab les. 

2)The Del ta index w as def ined as, 

                  - indexΔ  =   abs[(σwet-  σdry)/  σdry)] ,
                           w here σdry =  backscat ter  of  dry soi l ,
                           and σwet =  backscat ter  of  w et  soi l .

Resul t s f rom  both m ethods w ere val idated against  in si tu 
m easurem ents of  sur f ace soi l  m oisture.

Results: IEM

Conclusions:

1)  IEM model  w i th Look - Up- Table 
may be useful  f or  est imat ing soi l  
moisture at  w atershed scales i f  
excel lent  anci l lary informat ion about  
sur face roughness is know n and can 
be em pir ical ly adjusted.

1)The - indexΔ  per formed bet ter  
than the un- cal ibrated IEM m odel.  
Advantages of  the - index include Δ
i t s sim pl ici t y and abi l i t y to m inim ize 
ef f ects of  sur f ace roughness as long 
as roughness is unchanged betw een 
im age acquisi t ion dates.  
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Multiple satellite 
platforms increase 
measurement 
opportunities. 

Results: - indexΔ

Metrics used to 
determine 
optimum size 
pixel cluster 
that retains 
information for 
soil moisture 
estimates, but 
minimizes 
influence of 
speckle.   
Metrics include 
stability of 
cumulative 
mean and 
derivatives of 
cumulative 
mean function.

A 9 by 9 pixel 
cluster at 7m 
image 
resolution 
optimized the 
tradeoff 
between scale 
and information 
for all field sites 
in the Walnut 
Gulch study 
area.

- index map product (50 m resolution) draped Δ
over a hill shade image shows lower and flatter 
topographic positions are wetter than coarser 
textured hill sides hours after a monsoon storm in 
Walnut Gulch, AZ.                  Red arrow indicates 
view direction in photograph.

Performance of the IEM 
model inversion can be 
improved by  
empirically adjusting 
surface roughness 
inputs.

Discussion:

IEM:
Inadequacies of  IEM, or  
d i f f icul t ies 
character izing sur face 
roughness l im i t  i t s 
potent ial  w i thout  f i rst  
mak ing empir ical  
ad justments to 
roughness parameters. 
 

- index:Δ
The st ronger  relat ion 
between the - index Δ
and soi l  moisture is 
due to inherent  
account ing of  f actors 
that  dramat ical ly af f ect  
IEM such as sur face 
roughness and 
topographic ef f ects.  
As w i th the IEM model , 
speck le confounds 
resul t s on a si t e by si t e 
basis, but  t his ef f ect  
can be m inim ized by 
averaging many pixels 
to reduce the ef f ects of  
speck le and natural  
soi l  moisture 
var iabi l i t y over  50 by 
50 meter  areas.  

Minimizing speckle:


