The WOCSS objective analysis methdology uses input winds and temperatures to produce three-dimensional, mass-conserving wind fields adjusted to local topography.  The model evolved from a Bhumralkar et al. (1980) wind-energy model with a variational calculus numerical scheme.  Endlich (1984) replaced the variational calculus with an iterative technique he had developed earlier (Endlich 1967) for removal of divergence, and introduced a coordinate system that permitted flow surfaces to intersect the terrain.  The sigma coordinates of the original model had failed to reproduce the flow around topography that is observed under stable atmospheric conditions.  Ludwig et al. (1991), using the principle of critical dividing streamlines, added an objective, physically based method for defining the flow surfaces.  Their approach assumes that the vrtical displacement of an air parcel in complex terrain is a balance between the original kinetic energy of the flow at low altitudes, and the energy required to change altitude in the presence of a buoyant restoring force (Sheppard 1956; Hunt and Snyder 1980; McNider et al. 1984).  This constraint relates: 1) potential temperature lapse rate (d
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/dz), 2) the maximum height to which the air can rise (Zmax) from its lowest height (z0) and 3) the low-altitude wind speed V0 at height z0 as follows:

Put equation here,  
(1)

where 
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is the mean temperature in the layer from z0 to Zmax, and g is the gravitational constant.

Surfaces defined by Eq. 1 are illustrated schematically in Figure 2.  They are used to approximate flow in complex terrain when d
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/dz > 0 and atmospheric processes are quasi-adiabatic.  The critical dividing streamline concept simplifies the three-dimensional wind field solution so that it becomes a set of two-dimensional problems on the flow surfaces.  Figure 2 shows that the flow surfaces are neither sigma nor height surfaces, but more of a combination of the two, intersecting terrain where the flow lacks the kintic energy to overcome the vertical stability and pass over the obstacle.

A WOCSS study conducted by Ludwig et al. (1991) using Southern California Air Quality Study (SCAQS) observational data from summer and fall of 1987 revealed some shortcomings in the WOCSS model performance, e.g. the terrain-following treatment of flow in WOCSS for neutral and unstable conditions was not realistic because it did not produce the small interctions with the terrain that occur even under unstable conditions.  Residual divergence also remained in the model analysis, which could cause problems for some dispersion models.  The nature of the flow surfaces also prevents representation of commonly occurring mesoscale features that recirculate, such as sea breeze fronts.  Thykier-Nielsen et al. (1990) performed dispersion experiments with WOCSS, using data from Vandenberg Air Force Base and found that it did not perform as well when lapse rates were neutral and unstable as it did when they were stable.  They reported that in stable situations, WOCSS outperformed the Troen and de Baas (1986) model that used the spectral solution of the linearized equations of motion.

Ludwig and Sinton (2000) evaluated WOCSS against 1996 surface observations in the San Francisco Bay area.  The results showed root mean squere errors (RMSE) of less than 45o for wind direction and 2.5 m s-1 for wind speed.  These findings were encouraging, but several weaknesses romained.  WOCSS tended to underestimate maximum wind events and gap flows.  The model also had problems reproducing the split flow that occurs in San Francisco Bay when that split was not represented in the input data.  Mohammed (2000), using model gridded data for initialization of WOCSS as opposed to actual observations, also found that WOCSS exhibited a low wind speed bias compared both to observations and to the mesoscale model providing the initial gridded data.

 Ludwig et al. (1991) and Ludwig and Sinton (2000) suggest factors that might affect WOCSS performance.  They include placement of the upper boundary to ensure that elevated inversions are within the domain, and their damping effects are reflected in the analysis.  Flow surfaces are always flattened within a stable layer, which causes surfaces in lower, less stable layers to be flattened as well.  The degree to which they are made flat will determine whether or not they intersect the terrain, and thereby divert the flow.   If all the surfaces pass over the terrain, there will be little topographical effect.  Ludwig and Sinton (2000) introduced a compression factor to define the degree to which the elevated inversion is allowed to affect the lower level flows.  A compression factor of zero gives a very strong influance so that lower level flows are as near horizontal as the flow in the inversion layer itself.  A value of one allows the lower flows to rise substantially over the higher terrain.  Figure 2 illustrates the effect of compression factor on the flow surface shapes.  Finally, there must be flow surfaces at altitudes low enough to ensure that at least some will intersect the terrain.
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Figure 2.
WOCSS flow surfaces (source: Ludwig et al. 1991).
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