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Abstract 
 
Accurate knowledge of root zone soil moisture (RZSM) is crucial in hydrology, micrometeorology, and 

agriculture for estimating energy and moisture fluxes at the land surface. Soil Vegetation Atmosphere 

Transfer (SVAT) models are typically used to simulate energy and moisture transport in soil and 

vegetation [1]. Coupled SVAT and vegetation models capture the biophysics of dynamic vegetation 

fairly well, RZSM estimates still diverge from reality due to errors in computation, and however 

uncertainties in model parameters, forcings, and initial conditions should be considered. The model 

estimates of RZSM can be significantly improved by assimilating remotely sensed observations  that 

are sensitive to soil moisture changes, such as microwave brightness at frequencies < 10 Ghz [2]. For 

soil moisture studies, observations at L-band frequencies of 1.2 – 1.4 GHz are desirable due to larger 

penetration depth and system feasibility. The near-future NASA Soil Moisture Active/Passive (SMAP) 

mission will include active and passive microwave sensors at L-band (1.2 – 1.4 GHz) to provide global 

observations, with a repeat coverage of every 2-3 days [3].  

 

In this study, an Ensemble Kalman Filter (EnKF)-based assimilation algorithm was implemented to 

simultaneously update states and parameters every 3 days, matching the interval of satellite revisit, by 

assimilating soil moisture (SM), soil temperature (ST) and L-band microwave brightness temperature 

(Tb) into the SVAT-vegetation growth model linked with a forward microwave model. Fig. 1 shows the 

framework of the assimilation algorithm implemented. We use a coupled Land Surface Process 

(LSP)/vegetation growth model [4] to estimate the SM profile and ST profile and a microwave 

brightness (MB) model [5] to estimate Tb during a growing season of sweet corn in North Florida.  



 

Fig. 1. Framework of the EnKF algorithm. 

 

Field observations were obtained from the Fifth Microwave Water and Energy Balance (MicroWEX-5) 

experiment which was conducted during the growing season of sweet-corn from Day of Year (DoY) 68 

(March 9) to DoY 150 (May 30) in 2006 [6]. In situ soil moisture observations were obtained every 



fifteen minutes at depths of 2, 4, 8, 16, 32, 64, and 120 cm and L-band brightness temperature 

observations at H-polarization and 50o incidence angle were measured every fifteen minutes. The 

radiometer was calibrated at least every week with a microwave absorber as warm load and 

measurements of sky at several angles as cold load. Comparisons of RZSM estimates using both 

synthetic and field observations during the MicroWEX-5 experiment were conducted to understand the 

improvement in RZSM estimation using both in situ and remotely sensed measurements. 

 

The simultaneous of state-parameter estimates resulted in the lowest uncertainty in RZSM estimation 

when the observations describing the VSM soil profile were assimilated. For both synthetic and 

MicroWEX-5 observations, the assimilation of observations improved the RZSM estimates in 

comparison with open-loop simulations. The assimilation of in situ soil moisture observations linked to 

the assimilation of brightness-temperature observations showed lower differences with observations 

than the assimilation of brightness temperature observations only. When assimilation MicroWEX-5 

observations, it was found that the differences between RZSM estimates and observations increased in 

comparison with the difference between RZSM estimates and synthetic observations. This points out 

the possibility of accounted for model error due to vegetation conditions in the actual field.  
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