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ABSTRACT

Repeated aircraft runs at about 33 m over heterogeneous terrain are analyzed to study the spatial variability
of the mesoscale flow and turbulent fluxes. An irrigated area, about 12 km across, generates a relatively cool
moist inland breeze. As this air flows out over the warmer, drier surrounding land surface, an internal boundary
layer develops within the inland breeze, which then terminates at a well-defined inland breeze front located
about 115 km downstream from the change of surface conditions. This front is defined by horizontal convergence,
rising motion, and sharp spatial change of moisture, carbon dioxide, and ozone.

Both a scale analysis and the observations suggest that the overall vertical motion associated with the inland
breeze is weak. However, the observations indicate that this vertical motion and attendant vertical transport are
important in the immediate vicinity of the front, and the inland breeze does lead to significant modification of
the turbulent flux. In the inland breeze downstream from the surface wetness discontinuity, strong horizontal
advection of moisture is associated with a rapid increase of the turbulent moisture flux with height. This large
moisture flux appears to be partly due to mixing between the thin moist inland breeze and overlying drier air.

As a consequence of the strong vertical divergence of the flux in the transition regions, the fluxes measured
even as low as a few tens of meters are not representative of the surface fluxes. The spatial variability of the
fluxes is also interpreted within the footprint format. Attempts are made to reconcile predictions by footprint
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and internal boundary-layer approaches.

1. Introduction

Boundary-layer flow over surface heterogeneity is
generally posed in terms of either internal boundary
layers, blending height, or footprint signatures. In pure
form, these three conceptual approaches make quite
different assumptions on the response of the turbulence
and time-averaged flow to the surface variations. In ad-
dition, surface heterogeneity of sufficiently large scale
may generate flow of cool air from cool wet surfaces
to warm dry surfaces, sometimes refesred to as inland
breezes. A plausible geometry of these different phe-
nomena is sketched in Fig. 1 partly based on data anal-
ysis of flow over heterogeneous surfaces carried out in
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this study. One of the goals of this paper is to compare
the internal boundary-layer approach and the footprint
approach in terms of aircraft turbulence data collected
over a heterogeneous surface. These particular obser-
vations are well below any blending height. A second
goal is to document circulations driven by the surface
heterogeneity (inland breezes), which lead to a special
type of internal boundary layer. Such local circulations
have previously been studied primarily from a model-
ing point of view (Segal and Arritt 1992); the present
study contributes observational evidence.

Definition of the internal boundary layer assumes
that the change of surface conditions can be described
by a near discontinuity and that the air influenced by
surface conditions downstream from the discontinuity
is limited to a definable layer adjacent to the surface;
that is, the top of the internal boundary layer is the
maximum vertical extent of the disturbance generated






