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Turbulent flows within and above urban and vegetative canopies in the atmospheric boundary
layer have profound implications for a variety of important problems in agricultural and urban
meteorology, such as the spreading of pollens and pollutants. We study such turbulence via Direct
Numerical Simulations (DNSs), by using the code developed in (2019 Mortikov), in which there is a
closed channel between two parallel walls and a canopy of constant areal density profile on the
lower wall. We impose periodic boundary conditions in the horizontal directions and a no-slip
impenetrable boundary condition in the wall-normal direction. For the canopy, we use different
formulations of the Forchheimer drag. We assess the role of the canopy on the turbulent flow. In
particular, we show the influence of added drag on the mean profiles, balance equations of the
second-order moments, and the local anisotropy of the flow.
We observe that the turbulence transport profile undergoes an abrupt transition at the canopy
top and transfer of energy from the roughness sublayer above the canopy to inside the canopy.
The pressure-strain correlation removes energy from the wall-normal fluctuations, which has the
least share of the turbulent kinetic energy and distributes it among the other components in the
bulk of the canopy. In the inertial range, within and above the canopy, the energy spectra for the
streamwise component is steeper than the spanwise and the wall-normal components and is
closer to the Kolmogorov -5/3 spectrum as observed in the eddy covariance measurements in the
roughness sublayer (2020 Bhattacharjee).
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