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Are the results of the offline surface model evaluations in the context of the Project for Intercomparison of Land Surface Parameterisation Schemes (PILPS) or the Global Soil Wetness Project (GSWP) affected by the lack of land surface-atmosphere feedback? Is the use of offline land surface models in Land Data Assimilation Systems (LDAS) making optimal use of the assimilated data? These are questions that are addressed in the co-called Local Coupled Action of the Global Land – Atmosphere Systems Study (GLASS) panel. GLASS initiated a workshop held in De Bilt (The Netherlands) on 19 and 20 April 2002, aiming at identifying an experimental strategy to address the importance of land – atmosphere interaction in surface model calibration and data assimilation. The workshop was cosponsored by GEWEX and the Netherlands Royal Meteorological Institute (KNMI).
The workshop was attended by 30 participants with backgrounds ranging from NWP to climate modelling and from parameterisation design to data assimilation. The first day was devoted to thirteen scientific presentations, presenting examples of land-atmosphere interaction in global climate modelling experiments and comparing calibration results of in single-point experiments with either an offline land surface model or one coupled to a model for the overlying atmosphere. Another set of presentations was devoted to sharing experience with land data assimilation systems operated in the US and in Europe. A third set of presentations addressed the technical interface between a (tiled) land model and a Single Column Model (SCM) for the atmosphere. These presentations highlighted that the degree to which land – atmosphere feedback affects the results of the model simulations varies widely between the existing modelling systems, and it is not at all clear whether this is a property of the land model, the boundary layer parameterisation, of even more complex 3-dimensional interactions in the energy and water cycles simulated by the models. On the data assimilation aspect, the use of atmospheric screen level observations or surface temperature observations requires degrees of freedom by an atmospheric component in the model system. This makes the resulting control variables sensitive to the coupling between the land surface and the atmosphere in the model used for the data assimilation.

There is clearly a need for a new set of experiments designed to quantify the role of land – atmosphere feedback in land surface modelling and data assimilation. These experiments are supposed to take a next step in the complexity chain from offline land surface models to fully coupled GCM’s. They should do so by focussing on the land – atmosphere coupling by means of turbulent exchange, but discarding the processes related to radiation and formation of precipitation. The main scientific questions that have to be addressed in these experiments are

1. Under which conditions does land – atmosphere interaction play a significant role in the evolution of land-atmosphere fluxes and state variables? This question is related to both short time scales (that determine the evolution of the atmospheric boundary layer, diurnal cycles of fluxes and profiles) and long climate time scales, where equilibrium partitioning of precipitation and energy at the land – atmosphere interface may be dependent on the coupling.

2. Does the absence of this coupling in PILPS-like calibration/evaluation experiments put a strong constraint on the general applicability of the results of these experiments? In other words, would calibration in a coupled model yield a different result owing to a reformulation of the sensitivities of the surface model to atmospheric forcings and vice versa?

3. Is the solution of a land data assimilation experiment using an offline land surface model configuration different from a system that includes land – atmosphere feedback? Or, similarly, does the degree of coupling between the land and the atmosphere change under influence of data assimilation? A number of clear situations can be identified in which the answer can be immediately provided. For instance, the assimilation of snow cover requires the atmospheric forcing of an offline surface model to be compatible with the existence of a snow cover (air temperature below freezing level). However, it is not clear how critical the land – atmosphere coupling is for other situations, and what is the optimal solution to account for these feedbacks.

In a series of discussion rounds taking place on the second workshop day, the contours of an experimental strategy addressing these questions have been formulated. As in PILPS, a number of experimental stages were defined, roughly following the three main questions posed above.

In Phase 1, the central aim will be to make an inventory of conditions (climate, land cover and –heterogeneity, synoptic situation) where modelled fluxes and state variables are sensitive to the land-atmosphere coupling. For a number of locations and time periods, the behaviour of land surface models in an offline and a coupled mode will be compared. The coupling will involve the use of a Simplified Atmosphere Model (SAM), that is able to calculate the vertical exchange processes due to turbulence, thermodynamics and radiation, but does not necessarily supply the precipitation and radiation forcing to the land surface. The land surface behaviour will mainly be explored by analysing the sensitivity of modelled quantities to perturbations in the forcings (precipitation, radiation, atmospheric quantities) and surface conditions. Greater discrepancies between these responses to perturbations from an offline and a coupled land surface model imply a greater role of land – atmosphere coupling. For experiments covering the seasonal or even interannual time scale, a consistent data set containing the relevant atmospheric ánd land surface forcings is non-existent. Use could be made of atmospheric profiles or multi-level tendencies extracted from a simulation of a high resolution limited area model, nested in a time series of analysed atmospheric fields. As such, the limited area model acts as a physical interpolator of the analysed fields. SCM and offline surface model calculations should both use radiation and precipitation time series simulated by this limited area model, as these variables are considered to be dominated by large scale processes that can not be represented adequately in this simplified local coupling. Locations for which these experiments are carried out should at least cover a wide range of climatic and land cover conditions, and preferably be co-located with local field experiment sites (see below). The participating models should be able to be operated both in an offline and coupled mode.. The atmospheric component of the SAM should be able to pick up lateral driving forces affecting the local vertical profiles, while the surface model receives precipitation and radiation forcings from an external database. A number of technical issues remain to be resolved. An important one is that the atmospheric profiles should be consistent with the precipitation and radiation that is provided. Relaxation to the profiles from the host model is probably ensuring optimal compatibility.

These experiments may be helpful in identifying the conditions under which land – atmosphere feedback may be significant in the given combination of the land surface scheme and the overlying boundary layer model, it will not be easy to attribute the nature of this coupling to either of the SAM components. As an example, it is well known that land –atmosphere coupling plays a major role in the development in stable boundary layers, but the degree to which either the surface temperature dependencies in the land model, the flux-profile relationships in the PBL-model or the turbulent or radiative coupling itself is responsible for the strength of the stratification remains yet unclear. For this, it should be possible to exchange land models and boundary layer schemes using a general coupling interface. Phase 2 of our proposed experiment aims at identifying the nature of the land – atmosphere coupling by varying the combinations land model – boundary layer model on a systematic way. It will necessarily use a common land – atmosphere coupler (which is being established within the ALMA action of GLASS), and start with providing a single boundary layer model, to which a range of land surface models can be connected. If responses to perturbations in the forcings (as applied in Phase 1) behave differently for different land surface schemes, they should be considered to be (at least partially) responsible for the strength of the coupling for the conditions concerned. If all land schemes behave similarly, additional investigations in the boundary layer scheme sensitivities have to be promoted, for instance in the context of the GABLS initiative.

The relation between data assimilation and land – atmosphere feedback will be addressed in Phase 3 of the proposed experiment plan. In this phase, a combination of an offline model and SCM should be allowed to assimilate additional data that are not present in the forcings already provided. If the forcings from the nested limited area model are used, these additional data could consist of surface state variables (soil moisture, snow), atmospheric quantities (screen level parameters, surface heating rates), surface fluxes or combinations of these obtained from co-located field experiments or remote sensing. There are four combinations of model coupling (offline or coupled) and data assimilation (do or do not assimilate additional data), and comparisons between subsets of these four experiments may reveal the significant properties of the system. For both experiments were data assimilation is applied, the comparison between the offline and coupled simulations may be used to detect whether the land – atmosphere coupling can result in a different optimal solution of the model’s control variable(s). For a perfect model, the additional data should not lead to a correction of the control variables. The increments that áre calculated, however, may be different for the offline and coupled simulations. When, for instance, the increments in the offline model configuration are greater than the coupled system, this may point at internal adjustment of the model state under influence of the overlying atmosphere, for instant by a negative feedback cycle between the land and the PBL. Alternatively, for both experiments with a coupled system, the data assimilation may actually alter the significance of the land – atmosphere coupling, for instance by bring the surface model into a more robust state in which propagation of perturbations becomes less significant.

The design of this coupling-experiment clearly addresses the two-way coupling between the land surface and the overlying Atmospheric Boundary Layer (ABL). It could actually serve as a first step for a GLASS-GABLS collaboration. However, many details have yet to be resolved before a ‘call for participation’ can be distributed over the scientific community. A selection of suitable data sets (a first list has been compiled during the workshop) or limited area models has to be made, as well as a clear definition of the way perturbations are applied and model output is diagnosed. To be able to exchange the atmosphere and land models that are mutually coupled, the interface has to be finalised and a set of suitable (ABL, land) models must be defined. And, last but not least, an experiment team should be formed that will take the initiative and coordinate the analysis. People that are interested in joining a coordination team are kindly invited to contact members of the GLASS and GABLS panels.

