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1. INTRODUCTION

This paper presents the European Centre for Medium-Range Weather Forecasts (ECMWF) soil moisture (SM) analysis system

and its recent developments which enables the assimilation of active and passive microwave data. The current operational

SM analysis used in the Integrated Forecast System (IFS), is based on an Optimal Interpolation (OI) scheme using proxy

observations (2 m air temperature and relative humidity). The new SM analysis scheme is based on a point-wise Extended-

Kalman Filter (EKF) for the global land surface [1]. It will be operationally implemented for Numerical Weather Prediction

(NWP) in 2009. The EKF system is presented and operational issues are addressed. The new EKF surface analysis system

opens a range of further development possibilities, exploiting new satellite surface data and products, for initialization of the

land surface in NWP. Results of active microwave data assimilation are presented, using ASCAT (Advanced SCATTerometer)

[2]. Developments for passive microwave data assimilation are also presented in the context of the preparation of SMOS (Soil

Moisture and Ocean Salinity) [3].

2. EKF IMPLEMENTATION

In order to optimally combine conventional observations with satellite measurements, an advanced surface data assimilation

system has been implemented in the IFS. The core of the system is a simplified EKF, which is based on minimization of a

cost function as in variational methods under a linear approximation. In addition the EKF accounts for the evolution of error

covariances in time. The simulated SM in the top three layers is improved by minimizing the cost function optimally combining

the information from model forecast of and observed parameters (T2m, RH2m, and/or satellite derived SM and/or brightness

temperatures), and the observation vector y. The solution for the analyzed state vector x at time t is:

xa
t = xb

t + K
(
yt −Hxt

b

)
(1)

with H the Jacobian of the observation operator and K the gain matrix. Subscripts a and b refer to the analysis and model

background respectively. In the simplified approach used here, H is computed by finite difference, assuming a quasi-linear

problem close to the background state. The Jacobians computation represents the main cost driver of the EKF system. For

operational implementation a semi-coupled approach has been proposed to compute the Jacobians at a reduced cost [4]. It is

implemented and presented here. Based on these developments, the EKF surface analysis will be implemented operationally

at ECMWF end of 2009. In order to evaluate the new surface analysis scheme we set up two data assimilation experiments

using the OI and the EKF surface analysis respectively. Both experiments use the screen-level parameters to correct the SM

prognostic variables. In both experiments the observation errors are set to σT = 2K, σRH = 10%. For the two experiments the

background error covariance matrix B is set constant with σB = 0.01m3m−3. Figure 1 illustrates the gain matrix coefficients

obtained for the OI and the EKF.

3. ACTIVE AND PASSIVE MICROWAVE

In parallel to the EKF development and implementation, our investigation has been focused on the development and validation

of observation operators for both active and passive microwave soil moisture and brightness temperature data. The observation

operators are of highest importance to account for satellite data in the EKF soil moisture analysis.

Active microwave scatterometer observations contain valuable information about surface soil moisture. Results of ASCAT soil

moisture data assimilation in the IFS are presented.

Passive microwave remote sensing is also a very promising approach for the global monitoring of surface soil moisture. C-band



AMSR-E and L-band SMOS brightness temperatures data will be monitored and assimilated in ECMWF’s global NWP system

to quantify the impact of this new observation type on the forecast quality. To this end the Community Microwave Emission

Model (CMEM) has been developed at ECMWF as the forward operator for low-frequency passive microwave brightness

temperatures at 1 to 20 GHz [5, 6]. CMEM has been calibrated and validated based on different observation systems (Skylab,

SMOSREX, AMSR-E) deployed at different times and locations capturing processes at various scales. Key parameterizations

have been identified and passive microwave bias correction has been investigated (Muñoz Sabater et al., IGARSS 2009). By

implementing CMEM in the IFS we will enable monitoring of SMOS observations from shortly after its launch. SMOS data

monitoring and assimilation implementation is presented.
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Fig. 1. Gain matrix coefficients for the OI (left) and for the EKF (right) surface analyses, using screen level parameters. They

represent the soil moisture increment with respect to the 2m air temperature in innovation (top, in m3m−3/K) and the soil

moisture increment with respect to the 2m air humidity innovation (bottom, in m3m−3).
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