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To date, the global assimilation and forecast systems at NOAA National Centers for Environmental Prediction 
(NCEP) do not use any land data assimilation (DA) to constrain the model land surface soil states, and yet soil 
moisture and temperature provide an important control on the atmospheric boundary layer. Consequently, an 
experimental coupled land/atmosphere DA system is being developed to test whether NCEP’s subseasonal forecast 
skill can be improved by constraining the model soil moisture and temperature through assimilation of observations 
of 2-m temperature (T2m), 2-m relative humidity (RH2m), and remotely sensed near surface soil moisture. This 
experimental system will use the Ensemble Kalman Filter (EnKF) component of NCEP’s hybrid Ensemble 4D-
Variational DA system to perform a strongly coupled (i.e., a single assimilation step for both components) 
land/atmosphere DA. 

A significant hurdle in coupled land/atmosphere DA is that the atmospheric boundary layer varies at higher 
frequencies than the underlying land surface states. For example, Figure 1 shows co-located once daily T2m, RH2m, 
and soil moisture.  Visually, at lower frequencies (~seasonal) the 2-m variables and the soil moisture covary (e.g., 
lower soil moisture tends to occur with lower RH2m and higher T2m). It is this covariance that the assimilation of 2-
m observations for updating soil states is intended to exploit.  However, compared to the soil moisture time series, 
the 2-m variables also include higher frequency noise, due to turbulence and advection in the boundary layer. The 
assimilation of 2-m observations must then be very carefully designed so as not to contaminate the lower frequency 
model soil states with higher frequency components from the observed signal.  

To address these differences in time scale within the coupled land/atmosphere DA, we propose to constrain the 
model soil moisture and temperature states by assimilating temporally averaged RH2m, T2m, and near-surface soil 
moisture observations. The temporally averaged observations will be assimilated following the approach of [1], in 
which the assimilation is used to update the temporally averaged model background state, while retaining the 
background perturbations from the temporal average.  

The present study is being conducted to support the development of the assimilation of time-averaged observations 
in the coupled land/atmosphere DA. First, we use an EnKF assimilation with a simplified model to explore aspects 
related to the assimilation of observations of a high frequency state to constrain model estimates of a low frequency 
state. We focus on how the presence of high frequency information in the observations affects the updates to the low 
frequency model state estimates, how this depends on the time scales of the errors in the observed and background 
states, and on any misspecification of those errors. Second, we examine the dominant temporal frequencies in time 
series of 2-m variables and soil moistures and temperatures at 80 locations across the contiguous US, based on 
archived output from NCEP’s global systems, as well as USCRN in situ observations. The modeled and observed 
time series will be used to quantify the dominant frequencies present in each of the variables to be assimilated (T2m, 
RH2m, and near-surface soil moisture) and the variables to be updated (soil moisture and temperature in each model 



layer), as well as establishing the time periods to be applied to each assimilated observation type. The results from 
the time series analysis will then be compared back to the assimilation experiments to guide the design of a coupled 
land/atmosphere DA that is robust to the differences in time scales between the land and atmosphere. The findings of 
this study will also be relevant to other assimilation applications, most notably to coupled ocean/atmosphere DA 
(where the differences in the time scale between the two components is much more extreme than between the land 
and atmosphere). 
 
 
 

	

Figure	1:	Time	series	of	USCRN	observations	at	[97.11W,36.13N]	at	local	noon	each	day.	The	USCRN	soil	observations	have	been	
projected	onto	the	soil	moisture	layers	in	NCEP’s	Noah	land	surface	model.	
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