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ABSTRACT

Recent model estimates of the flux footprint are used to examine the fetch requirements for accurate micro-
meteorological measurement of surface fluxes of passive, conservative scalars within the surface flux layer. The
required fetch is quantified by specifying an acceptable ratio of the measured flux to the local surface flux. When
normalized by the measurement height z,,, the fetch is found to be a strong function of atmospheric stability
as quantified by z,,/ L, where L is the Obukhov length, and a weaker function of the normalized measurement
height z,,/ zy, where z, is the roughness length. Stable conditions are found to require a much greater fetch than
do unstable conditions, and the fetch required for even moderately stable conditions is for many situations
considerably greater than 100 times the measurement height.

1. Introduction

Surface fluxes are commeonly inferred from vertical
fluxes that are measured by micrometeorological tech-
nigues such as eddy correlation or eddy accumulation.
Because these techniques require measurements to be
made at some height above the surface, the inferred
surface flux measurement is effectively averaged over
an extended surface area upwind of the sensor location
that is quantified by the flux “footprint.” However, if
surface flux inhomogeneities within the measurement
footprint cause horizontal advection and thus vertical
flux divergence, the measured flux will not equal the
surface flux of interest. This paper focuses on the re-
lationship between the vertical flux of a passive, con-
servative scalar—for example, carbon dioxide or
methane—measured at some height above the surface
and the upwind spatial distribution of the correspond-
ing surface emission ( or deposition ) flux. In particular,
we examine the upwind extent of homogeneous fetch
that is necessary for a micrometeorological flux mea-
surement to be within specified limits of the local sur-
face flux. This study is based on recent analytic and
numerical estimates of the flux footprint for the surface
flux layer (Horst and Weil 1992, hereafter HW).
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Schuepp et al. (1990) use the term “footprint” for
the contribution, per unit surface flux, of each unit
element of the upwind surface area to a measured ver-
tical flux. This is illustrated in Fig. 1 for a tower-based
flux measurement. The plan view shows isopleths of
the footprint function for a wind blowing from right
to left, and the profile view shows the crosswind-inte-
grated flux footprint, The footprint has its maximum
directly upwind of the measurement location, decreases
slowly upwind of the maximum, and decreases very
rapidly downwind of the maximum. The flux footprint
Srelates the vertical turbulent flux measured at height
Zms F(x, y, z = z,), to the spatial distribution of
surface fluxes, Fyo(x, y, z = 0); that is,

(>3 X
Fm(xy ) Zm) = Ji j: Fo(x’, y’, z'= O)

X f(x—=x,y—y, zm)dx'dy’. (1)

The measured flux is the integral of the contributions
from all upwind surface elements; the flux footprint is
the relative weight given to each elemental surface flux,
It is assumed here that the turbulent flow field is hor-
izontally homogeneous, and therefore the footprint
depends only on the separation between the measure-
ment point and the site of each elemental surface flux.
The separation in the streamwise direction is x — x',
with the wind blowing in the positive x direction, and
the separation in the crosswind direction is y — 3. As
will be seen in section 4, the integral of fover the entire
upwind surface is equal to unity in the surface (or con-
stant) flux layer, so that for a horizontally homoge-
neous surface flux, that is Fy is constant, Eq. (1) gives
F,, = F, as expected.






