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1. INTRODUCTION

In recent years, several footprint models have been
proposed. Yet, suitable experimental data are nec-
essary to decide whether the footprint models yield
the correct predictions. Although several attempts to
evaluate footprint models against observations have
been undertaken in the past, there is still a lack of
reliable full-scale data. The reason often lies in the
constraints that are given by the model assumptions
(e.g., restriction to the surface layer). In particular,
stationary turbulence and horizontal homogeneity are
fundamental requirements for most of the footprint
approaches and are difficult to meet. These require-
ments can easily be fulfilled in wind-tunnel or water-
tank experiments.

In this contribution, we present an extensive eval-
uation of the 3-dimensional Lagrangian footprint
model LPDM-B (Kljun et al., 2002) using the high-
resolution datasets of the wind-tunnel experiment of
Fedorovich and Thäter (2002). This wind-tunnel was
especially designed to simulate dispersion processes
in the CBL, capped by a temperature inversion (Fe-
dorovich et al., 1996).

2. FOOTPRINT ESTIMATION

The present footprint model LPDM-B is valid for
convective to stable stratification, including measure-
ment heights above the surface layer. It employs
an approach using backward trajectories of particles
(Flesch et al., 1995), the density kernel estimation,
and a spin-up routine. For a complete description of
the model, see Kljun et al. (2002a).

For comparison of wind-tunnel and LPDM-B simu-
lations, the flow parameters characterising the atmo-
spheric counterpart of the wind-tunnel flow were de-
termined. As similarity criteria, the Richardson num-
ber based on the temperature difference across the
inversion layer Ri∆T and the ratio between friction
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velocity and convective velocity u∗/w∗ were used.
The wind-tunnel data as well as the results of the
simulations are presented in normalised form using
Deardorff scales.

When comparing the wind-tunnel turbulence pro-
files with the original set of LPDM-B profiles (based
on weighted linear combinations of neutral and
buoyancy contributions), substantial differences were
found for the longitudinal, lateral and vertical ve-
locity variances, the vertical velocity skewness, and
the dissipation rate of turbulence kinetic energy. Ac-
cordingly, simulations of LPDM-B were performed
with two versions of the model: (i) mode A employs
the original turbulence parameterisations, (ii) mode
B employs the profiles retrieved from the wind-tunnel
observations. The concentration footprint as derived
from the wind-tunnel data of the ground-level source
were calculated for measurement heights zm/zi =
0.09 - 0.95, zi denoting the boundary layer height.

3. RESULTS AND DISCUSSION

In Figure 1 the concentration footprints predicted by
LPDM-B mode A and mode B are compared to the
wind-tunnel observations. In general, good corre-
spondence is found in the peak location and foot-
print shape for the concentration footprints predicted
by LPDM-B and derived from the wind-tunnel ex-
periment. For small zm/zi LPDM-B is able to re-
produce the peak location of the footprint, yet the
peak value is too low. These differences might be
due to discrepancies in the source design, or due to
the large uncertainty when measuring in regions with
large concentration gradients.

The wind-tunnel data allow the evaluation of
LPDM-B for measurement heights above the surface
layer (z/zi > 0.1 and −z/L < 1). This informa-
tion is highly valuable, since LPDM-B can also be
applied for footprint calculations above the surface
layer, whereas analytical footprint models are gen-
erally restricted to the surface layer. Correspond-
ingly, distinct discrepancies in the footprint predic-
tions of LPDM-B and analytical models are found



Figure 1: Concentration footprint fC∗ at y = 0 as predicted by LPDM-B mode A (dashed line), mode B (solid
line) and as derived from the wind-tunnel experiment (symbols) for a measurement height of zm/zi ≈ 0.1,
0.2, 0.5, and 0.8 . The arrow indicates the wind direction and the vertical lines identify the peak location. The
dimensionless distance to the source is given by X∗ = x · w∗ /(zi · u), where x denotes the actual distance,
w∗ the convective velocity scale, zi the boundary layer height, and u the mean wind speed.

when applying them for receptors above the surface
layer (Kljun et al., 2002a; 2002b). However, the re-
sults presented in Figure 1 (zm/zi > 0.1) illustrate
that LPDM-B is able to reproduce the footprint es-
timates derived from the wind-tunnel at any height
within the planetary boundary layer including the re-
ceptors above the surface layer.

For any of the measurement heights considered,
the peak location of the footprint predicted by
LPDM-B mode B is shifted slightly closer to the
source as compared to the estimate of LPDM-B
mode A. Even though the correspondence between
LPDM-B mode B and observations is slightly better
than with mode A’s results, the footprint predictions
of the different model versions do not significantly
differ and exhibit very similar footprint shapes. It can
therefore be concluded, that the footprint estimates
are not very sensitive to the implemented turbulence
parameterisations.

4. CONCLUSION

Concentration footprints of LPDM-B show satisfac-
tory correspondence to the observations, both in
peak location and shape. Furthermore, it is shown
that the sensitivity of the footprint predictions on the

implemented turbulence statistics is not large.
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