





need to be studied in subsequent research.

5.2 Validation of parameterization

The direct verification of model results of mesoscale fluxes is difficult. For
aircraft observations, systematic and random errors exist between time- (or
space-) averaged fluxes from aircraft, and the ensemble averages which are
actually used in numerical models. Specifically, the systematic and random
errors can be defined as

S = (F. — F.)JF. ,and R=o0p/F,, (13)

where F, is the the ensemble average flux, and F, is the aircraft-observed flux
with a flight leg L, and oF is the standard deviation of F. In the convective
boundary layer, S and R are linked to L and the boundary layer height z;
as (Lenschow et al., 1994):

22z, Z\1/6 (Ziy1/2
: ~y — — ~Y . — o . 14
L/z 5 (Zi) ,and R 1.16 (—) (L) (14)

(3

Near the surface, for a typical leg of L = 5 z;, both S and R are quite small so
that aircraft observations can accurately represent ensemble averages. How-
ever, turbulent fluxes are dominant near surface. Near the top of the boundary
layer, mesoscale fluxes are dominant; however, for a typical leg of L = 5 z;
at a height of z = 0.8 z;, S and R are quite large (i.e., 39% and 50%, re-
spectively). Alternatively, limiting S and R to 10% would require L to be
20 z; and 125z;, respectively. In the middle of the convective boundary layer,
mesoscale and turbulent fluxes are similar in magnitude, and this might be
the best altitude for aircraft verification of mesoscale fluxes. However, it is
still difficult to distinguish between mesoscale spatially-coherent fluxes and
mesoscale temporally-transient fluxes.

6 Conclusions

Among the major conclusions from our analytic study are:

(1) With little or no synoptic wind over heterogeneously heated landscape
patches, the mesoscale vertical velocity is in phase with the convective
boundary layer (CBL) temperature perturbations and the mesoscale heat
flux is positive and of the same order as the diabatic heat flux within the
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(4)

CBL. Above the CBL, the mesoscale heat flux is negative and penetrates
into the free atmosphere through a depth comparable to the depth of the
CBL.

In the presence of synoptic flow, the mesoscale perturbation is in the form
of propagating waves that penetrate deeply into the free atmosphere. As
a result, there is a net downward flux of momentum, which is dissipated
within the CBL by turbulence. Mixing with the environment of the air
particles displaced by the waves results in a net negative mesoscale heat
flux, which contributes to the weakening of the stability of the free at-
mosphere.

Strong synoptic advection can significantly reduce the horizontal tem-
perature gradients in the CBL, thereby weakening the intensity of the
mesoscale flow. Turbulent diffusion also weakens the temperature gradi-
ents and the intensity of the mesoscale flow when the horizontal wave-
length of the surface heat patches is comparable to the CBL depth.
When the synoptic wind is very strong, the mesoscale perturbation is
very weak and vertically trapped.

Among the major conclusions from our numerical modeling tools are:

(1)

The important controls on mesoscale fluxes resulting from land surface
heterogeneities include boundary layer depth, horizontal size of the sur-
face heat patches, the potential temperature difference between the dif-
ferent patches, the surface sensible, moisture, and momentum fluxes, and
the height above the surface (Zeng and Pielke, 1995b).

Knowledge of the details of the landscape (including soil moisture, land-
scape type, and fractional coverage) are essential for accurate simulations
of mesoscale and cumulus processes over land during the summer (Shaw,
1995; Shaw et al., 1997; Pielke et al., 1998).

Among the conclusions from our observational analyses are:

(1)

(2)

There are significant spatial variations in surface heat and moisture fluxes
due to landscape variations. Often these variations in the middle of a
summer or spring day are hundreds of W m 2.

These variations are evident above the surface as well, however, we still
do not have definitive observational evidence of mesoscale fluxes due to

landscape variations.

Future work is needed to confirm or refute our modeling-based conclusions
using observational data. If confirmed, a general parameterization of mesoscale
effects due to convective boundary layer development over spatially-varying
landscapes needs to be implemented.
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