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ABSTRACT

The authors reconsider the problem of estimating the sensible heat transfer at the earth’s surface from direct
measurements of turbulent fluxes in the atmospheric boundary layer. For simplicity, only horizontally homo-
geneous conditions are considered for a thin atmospheric layer containing no liquid water, adjacent to the earth’s
ground surface. Applying the first law of thermodynamics to the thin interfacial layer, an expression is obtained
for thermal conduction at the surface in terms of the traditionally defined sensible heat flux by turbulence and a
set of correction terms including the so-called moisture correction term. A scale analysis is presented to suggest
that the magnitudes of the miscellaneous correction terms are usually negligible. Previous literature on estimation
of the sensible heat flux is critically reviewed in light of the new result.

1. Introduction

The interpretation of observational estimates of sen-
sible heat flux across the earth’s surface suffers from
ambiguous discussions in the literature, especially re-
garding the influence of moisture flux on the calcula-
tion of the sensible heat transfer. Although molecular
processes are primarily responsible for the transfer of
sensible heat and water vapor from a land or water
susface to the air, it is a practical impossibility to mea-
sure molecular conduction and diffusion over meteor-
ologically relevant time and space scales. Real surfaces
are thermodynamically and geometrically complex. A
method is needed to integrate the effects of the surface
molecular processes over time and space to estimate
the thermal conduction at the surface.

In principle, fast response measurements of wind,
temperature, humidity, and pressure from boundary
layer platforms such as airplanes, towers, and ships
may be used to infer the heat transfer from the earth’s
surface to the air. The strategy for estimating the sur-
face energy balance over homogeneous terrain condi-
tions is illusirated in Fig. 1 for the case in the thin layer
of air adjacent to the surface containing no liquid water.

The first step is to write conservation relations for
heat and mass for a layer of moist air adjacent to the
earth’s surface that is thin enough to ignore local stor-
age and horizontal flux convergence terms within the
layer, and yet thick enough to ignore the net vertical
heat flux by molecular diffusion and thermal conduc-
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tion at the top of the layer. Under these conditions the
upward flux of mass and heat at the bottom of the layer
is closely approximated by the observed turbulent flux
at the observational level.

Next, the mass and energy budget of the air is con-
nected to the energy budget of the earth’s surface,
which can be written as

Rnﬂ=QH+QE+QG+AQa (l)

where R, is the net radiation absorbed by the earth,
@y, is the heat lost to the air by molecular conduction,
and Q¢ is the energy used to evaporate water as it
moves from the earth’s surface to the air. The quantity
Qg is the energy used to heat subsurface soil or water.
Over land AQ = AQ, + AQ,, where AQ, represents
the canopy energy storage and AQ, represents the en-
ergy used in photosynthesis. Over a water body, AQ,
might be associated with the canopy formed by water
plants and surface debris, if any, and AQ, with pho-
tosynthesis by aquatic biota in the canopy.

The term R, may be partitioned into components by
the expression

Re=8 -8 +L,- L, (2)

where S,, St, L;, and L; are the downward and upward
shortwave and longwave irradiance.

Implementing the budget calculations described
above appears to be a straightforward exercise, and yet
there has been considerable confusion and debate in the
literature about how to connect the directly measured
turbulent fluxes of sensible heat and water vapor to the
related quantities at the surface, @y and Q. The diffi-
culties appear to arise from a lack of agreement on the
nature of the moisture flux contribution to the sensible
heat flux (Montgomery 1948), and to an unresolvable






