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ABSTRACT 

 
The Soil Moisture Active/Passive (SMAP) mission is 
scheduled for a late 2014 launch date.  The mission will use 
both active radar and passive radiometer instruments at L-
Band.  In order to achieve a wide swath at sufficiently high 
resolution for both active and passive channels, an 
instrument architecture that uses a large rotating reflector is 
employed. In this paper, a focus will be places on the radar 
design and associated data products at high latitudes. The 
radar will employ synthetic-aperture processing to achieve a 
“moderate” resolution dual-pol product over a 1000 km 
swath.  Because the radar is operating continuously, very 
frequent temporal coverage will be achieved at high 
latitudes.  This data will be used, among other things, to 
produce a surface freeze/thaw state data product.    
 

1. INTRODUCTION 
 

The science objectives of SMAP are to provide frequent, 
global measurements of surface soil moisture and surface 
freeze/thaw state. These measurements will be used to 
enhance the understanding of water, energy, and carbon 
cycles, as well as improve weather and climate prediction.    
 

To measure both soil moisture and freeze/thaw state at 
the required resolution, a combined active/passive L-Band 
microwave instrument is employed [1].  The key instrument 
requirements were determined by the SMAP Science 
Working Group to be:  1) Dual-polarization L-Band 
radiometer measurements at 40 km resolution, 2) Linear 

HH, VV and HV/VH L-Band radar measurements at 3 km 
resolution or better, and 3) A wide swath to ensure global 
three-day refresh time for these measurements (1000 km 
swath at the selected equatorial orbital altitude of 685 km).   

 
Previous publications have provided high-level 

descriptions of the SMAP instrument [2].  To accomplish 
the challenging set of requirements, a 6-meter, conically-
scanning reflector antenna architecture was selected for the 
instrument design.  The deployable mesh antenna is shared 
by both the radiometer and radar instruments by using a 
single L-Band feed.  (An artist rendition of the mesh 
antenna, rotating spot beam, and associated wide swath is 
shown in Fig. 1.)  
 

 

Figure 1 - Artist rendition of SMAP in orbit, showing the 
mesh antenna, antenna spot beam, and wide swath.

 



 
Whereas the radiometer resolution is defined as the real-
aperture antenna footprint, the higher resolution radar 
measurements are obtained by utilizing synthetic aperture 
radar (SAR) processing.   

 
2. SMAP RADAR DESIGN 

 
As with most microwave instruments, the antenna is the 

dominant instrument subsystem that determines both the 
ultimate measurement performance and governs spacecraft 
accommodation.  In order to meet the 3-day refresh 
requirement at the equator, a wide measurement swath is 
necessary.  The requirement for radiometer and radar spatial 
resolution at L-Band dictate that a relatively large antenna 
aperture must be employed.  As determined by previous 
trade-off studies [3], the most economical approach for 
accomplishing the required simultaneous radiometer and 
radar requirements is to utilize a shared antenna/feed 
approach.  A reflector antenna was chosen to ensure that 
system calibration requirements, primarily for the 
radiometer, are met. Large, rotating antennas have been 
proposed for L-Band remote sensing in the past [3]. As 
shown in Fig. 1, rotating the reflector in a conical fashion 
about the nadir axis provides a wide swath of measurements 
at a constant incidence angle.  
 
A unique aspect of the SMAP is the necessity for rotating 
the large antenna.  At the nominal SMAP altitude of 685 
km, the reflector must be rotated at a rate of 13.0 rpm to 
maintain contiguity (i.e., minimum overlap) of the 
measurements in the along-track direction.  

 
Table 1 - SMAP radar parameters. 

Antenna Key Parameters 

Beamwidth (1-way, 3 dB) 2.7° 
Look Angle, Incidence Angle  35.5°, 40.0° 
Peak Gain 36 dBi 
Rotation Rate 13.0 rpm 

Radar Key Parameters 

Transmit Carry Frequencies Tunable from 1.22 to 1.30 GHz  
Channels HH, VV, HV (or VH) 
PRF, Pulse Length 2.9 kHz, 15 µsec 
Azimuth Dwell Time 42 ms 
Transmit Bandwidth 1 MHz 
Peak Transmit Power 500 W (at output of amplifier)  
Single-look res (broadside) 250 m x 400 m 
Noise Equiv. σo (broadside) -29 dB 

 
 
To obtain the required 3 km and 10 km resolution for the 
freeze/thaw and soil moisture products, the radar will 
employ pulse compression in range and Doppler 

discrimination in azimuth to sub-divide the antenna 
footprint. This is equivalent to the application of synthetic 
aperture radar (SAR) techniques to the conically scanning 
radar case [4]. Due to squint angle effects, the high-
resolution products will be somewhat degraded within the 
300-km region of the swath centered on the nadir track, with 
azimuth resolution capability decreasing over this region as 
the pixel location approaches the spacecraft sub-satellite 
track.  The baseline system has both V- and H-pol channels.  
An additional channel measures the HV (or VH) cross-pol 
return.  
 

The radar relative error depends on the signal-to-noise 
ratio (SNR) and the number of independent samples (or 
“looks”) averaged in each measurement, as well as the 
relative calibration error. Looks will be obtained by 
averaging in both range and azimuth. The 1-MHz bandwidth 
will yield a ground range resolution of approximately 250 m 
and will result in a minimum of 12 looks in range.  The 
Doppler diversity will be maximized at a scan angle 
perpendicular to the platform velocity, leading to a single-
look azimuth resolution of approximately 400 m. The 
single-look resolution will degrade as the scan angle 
approaches the platform velocity vector, reaching 1500 m at 
the inner swath edge (150 km cross-track). Table 1 provides 
a summary of the SMAP radar performance requirements. 
 

3. FREEZE/THAW MEASUREMENTS 
 

The terrestrial cryosphere comprises cold areas of Earth's 
land surface where water is either permanently or seasonally 
frozen. This includes most regions north of 45 degrees 
North latitude and most areas with elevation greater than 
1000 meters. Within the terrestrial cryosphere, spatial 
patterns and timing of landscape freeze-thaw state 
transitions are highly variable with measurable impacts to 
climate, hydrological, ecological and biogeochemical 
processes. 
 
Satellite-borne microwave remote sensing has unique 
capabilities that allow near real-time monitoring of 
numerous landscape processes associated with a single 
measurement of freeze/thaw state, without many of the 
limitations of optical-infrared sensors. The SMAP product is 
designed to provide the most accurate remote sensing-based 
characterization of landscape freeze-thaw state available at a 
global scale. The unique design of the SMAP L-band radar 
allows a combined spatial and temporal characterization of 
terrestrial freeze-thaw transitions previously unavailable. 
 
The baseline SMAP product is designed to fulfill the SMAP 
mission freeze-thaw science requirements. The baseline 
product provides freeze-thaw state classification information 
with an inherent spatial resolution of 3 km with temporal 
revisit of 2 days or better north of 45N and 3 days or better 



elsewhere. The data product will be global in extent, 
covering unmasked regions of Earth’s land mass where low 
temperatures are a significant constraint to vegetation 
productivity and terrestrial carbon exchange.  
 
Combining SMAP freeze/thaw state assessments from AM 
and PM acquisitions provides unique information on regions 
undergoing freeze/thaw transitions on a diurnal (day/night) 
basis. This aspect of the product supports enhanced 
investigation of spring and autumn transition seasons and 
the associated controls on annual vegetation productivity. 
The radar freeze-thaw algorithm will also supply a 3km 
resolution A.M. global binary freeze/thaw state flag as an 
intermediate output product to be utilized within the radar 
soil moisture processing to identify frozen land regions. 
 

 
Figure 2:  Sample SMAP Freeze/Thaw product for one 
day's worth of AM passes (blue = frozen, red = thawed). 
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