
AIRBORNE RADAR STUDY OF SOIL MOISTURE AT A MARS ANALOG SITE: TOHACHI WASH / 
LITTLE COLORADO RIVER.  T. C. Doggett1, R. Greeley1, V. Baker2, S. Chien3, A.G. Davies3 J.M. Dohm2, 
T.P.A. Ferre2, A. Hinnel2, D. Rucker2, K. Williams1 1Dept. of Geological Sciences, Arizona State University, 
Tempe, AZ (tcd@asu.edu), 2Dept. of Hydrology and Water Resources, University of Arizona, Tucson, AZ, 3Jet 
Propulsion Laboratory, California Institute of Technology, Pasadena, CA. 

 
Introduction:  The search for sub-surface water is 

a key aspect of current Mars exploration efforts. The 
surface backscatter in response to microwave 
radiation, such as radar instruments, is a function of 
both surface roughnes (including vegetation) and the 
dielectric permitivity of the near-surface materials. 
Most previous work has focused on studying the signal 
of soil moisture in agricultural settings that are poor 
analogs to Mars.  Our study uses the NASA/JPL 
Airborne Synthetic Aperture Radar (AIRSAR) system 
to acquire repeat coverage for various Mars analog 
sites in conjunction with field measurement of soil 
moisture, in order to assess the feasibility of using 
radar to detect soil moisture on Mars and the optimal 
instrument paramemters for such soil moisture 
detection. 

AIRSAR: AIRSAR is a three-band quad-polarized 
synthetic aperture radar flown on a NASA DC-8, 
operating at wavelengths of 5.7 (C-band), 23 (L-band) 
and 67 (P-band) cm.  This study used the 20 MHz 
bandwidth mode, with a slant range pixel size of 6.7 x 
9.3 m.  The pixel size is a lower resolution than other 
AIRSAR modes, but was selected as comparable to the 
resolution of proposed SAR instruments for future 
Mars missions [1, 2].  Additionally, it allowed 
simultaneous collection of data at the same resolution 
in all three bands. 

Field Deployments:  Four sites were flown on 
three campaigns (September 2002, March and July 
2003).   The sites include gullies in Death Valley, CA 
and the San Juan Mountains, CO, an active fluvial 
plain near Cameron, AZ and artifical recharge basins 
in Avra Valley, AZ [3].   Initial data analysis reported 
here is for the Little Colorado River fluvial plain at the 
junction of the San Fransisco volcanic field and 
Painted Desert.  The region has previously been used 
as Mars analog for the FIDO/MER test [R. Anderson, 
pers comm]. 

The site used for this study is at the confluence of 
the Little Colorado River and Tohachi (Navajo for 
“where water is customarily scratched out” [4]) Wash 
near the Black Point lava flow.   The spatial 
distribution of vegetation varies at the site: a 
periodically inundated sand bar on the western side of 
the river, across from the confluence with the Tohachi 
Wash, has no vegetation. The vegetation on the nearby 
bank varies from thick trees to sparse scrub.  Repeat 

AIRSAR overflights were flown with an incident radar 
angle of 55.7°.  

Field Work:   Soil samples were collected at 0, 10, 
20 and 40cm depths in several 20m x 20m grids, with 
10m spacing between the nine sample points in each 
grid.   During the first deployment, the high water 
level precluded sampling on the sand bar, which was 
observed to be saturated. Two grids were sampled on a 
sparsely vegetated portion of the river bank.  During 
the second deployment, three grids were sampled from 
the sand bar and one grid on the bank was re-sampled. 

Data Analysis:    Gravimetric soil moisture was 
determined using a standard oven-drying technique 
[5], which accounted for the mass loss.  The two 
terrain types had distinct moisture/depth profiles (Fig 
1), consistent with fluvial recharge for the sand bar and 
pluvial recharge for the river bank. 

Radar data were processed using ENVI 3.6, 
synthesizing backscatter images for HH, VV, HV 
polarization and total power (TP) in each band.  
Corner reflectors, deployed during the field work, 
were used to guide identification of pixels 
corresponding to the center of each sample grid. A grid 
backscatter value, σg, was calculated for each 
band/polarization combination: 

 
σg = -(Σ(xi

2) / 9 )1/2 
 

where xi is the digital number (DN) of the pixels in a 
3x3 array centered on the sample grid center pixel.   
This technique removes speckle inherent in SAR data 
[6] while also establishing average backscatter for a 
20.1 x 27.9 m area in slant range (24.2 x 27.9 m in 
ground range, e.g. enclosing the 20 x 20 m sample 
grid). 

A correlation coefficient was then calculated for 
backscatter and soil moisture at each depth and band / 
polarization combination and a t-distribution test 
conducted for level of significance (Table 1).   The 
most significant correlation was found between surface 
moisture on the sand bar and L-VV and L-TP, with no 
significant correlation with other radar configurations, 
deeper depths or soil moisture on the bank.   The use 
of a gravimetric instead of volumetric technique for 
determing soil moisture complicated finding a 
correlation for the more heterogenous soil found on the 
river bank. 
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Conclusions: AIRSAR data was used in a 
comparitive analysis with soil moisture in a fluvial 
plain, located near Cameron, AZ.   The strongest 
correlation was with L-VV on a smooth homogenous 
surface.  No strong correlation was found with the 
rougher surface, or deeper water depth, both more 
realistic scenarios for application to Mars. Longer 
wavelengths which are less sensitive to surface 
roughness and deeper penetrating are better suited to 
overcoming both problems. 

The next phase of data analysis will expand to 
include the other field sites, with the sites in Death 
Valley and San Juan Mountains representing more 
complex topography analogous to Martian gullies, and 
the recharge basins in Avra Valley where Time 
Domain Reflectometry (TDR) was used to acquire 
volumetric soil moisture data over a large spatial 
extent for the 0-10cm depth range. 
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Figure 1:  Soil moisture/depth profiles from sample grids, red 
are sand bar sample grids from the second deployment, purple 
are river bank sample grids from first deployment, and blue 
the re-sampling on second deployment.  
 

 
Figure 2:  C-HH radar images of field site from September ’02 
(left) and March ’03 (right).  Each image is 1.5 x 2.1 km in size. 
Bright pixels on sand bar in March image are corner reflectors.
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C-HH 4.11 0.21 0.48 0.59 1.04 0.57 0.57 -0.98
C-VV 2.93 0.12 0.6 0.72 1.6 0.89 0.89 -0.64
C-HV 6.3 0.3 0.39 0.49 1.32 0.74 0.74 -0.77
C-TP 3.98 0.21 0.49 0.6 1.32 0.75 0.75 -0 77
L-HH 3.59 0.18 0.52 0.64 1.46 0.82 0.82 -0.7 
L-VV 26.5 0.44 0.25 0.35 2.31 1.2 1.2 -0.45
L-HV 1.4 -0.18 1.1 1.3 1.76 0.97 0.97 -0.58
L-TP 28.1 0.44 0.25 0.34 1.79 0.99 0.99 -0.57
P-HH 1.98 1.3 -0.26 -0.17 0.83 0.43 0.43 -1.23
P-VV 2.12 1.23 -0.23 -0.15 1.28 0.72 0.72 -0.8 
P-HV 1.24 -0.23 1.23 1.47 1.34 0.76 0.76 -0.76
P-TP 2.28 1.16 -0.21 -0.11 1.12 0.63 0.62 -0.91

. 

 

Table 1:  t-distribution test for level of significance of 
correlation of radar back-scatter and soil moisture.  
SB: Sand Bar, RB: River Bank. In this case, degree of 
freedom = 1, t0.1= 3.1, t0.05= 6.3, t0.025= 12.7 and t0.01= 
31.8. 

 
Figure 3: Photographs of the two types of terrain where 
soil moisture was measured, left: sparsely vegetated river  
bank, right: sand bar. 
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