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E.Jfects of air-land thermal interaction on the energetics
of planetary boundary layer over NW India

M. LAL

Atmospheric Environment Service, Canada

ABSTRACT. A one dirnensional boundary layer mede l has been used to investigate the influence of
'io13T radiation and the large diurnal variation of sur face temperature on the low-level turbulence in the atmosphere
Over NW India. The model is based on Eulerian conservation equations for momentum, heat. moisture and
pollutants and is capable of examining the transport and diffu~ ion precesses in the atmospheric boundary layer.
The simulation experiment has been conducted for a period of 48 hours based on initial set of meteorological
observations collected during 24-26 April 1966 at New Delhi in NW India and the medel results of vertical
structure of the atmospheric boundar}' layer and the turbulent heat fluxes at the interface are discussed in thi6
paper.
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1. Introduction

In recent years, considerable effort is being
devoted to study the turbulent entrainment
in the atmospheric boundary layer. The atmos­
pheric boundary layer is characterized by the large
vertical gradients of wind velocity, temperature and
humidity. Starting from a .Iow value at sunrise,
the depth of atmospheric boundary layer generally
increases by turbulent entrainment druin g daylight
hours and is observed more predominently over
the semi-arid or arid regions of NW-India during
hot and dry summer season. This turbulence
results primarily due to diurn al variations of
surface temperature caused by the exchange of
radia tion at the air-soil interface and is maintained
by the buoyancy associated with a positive surface
heat flux. Thus, ill order to understand the
low-level turbulence in the atmospheric boundary
layer, a detailed knowledge of thermal inter­
action between the atmosphere and the earth's
surface is desired.

The objective of this paper is to describe some
preliminary results of a numerical study which
was aimed at evaluating the effect of thermal
exchange at the air-land interface on the turbu lent
struct ure of the boundary layer over NW India.
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2. The model description

In the model formulation of this study, the
principal processes parameteri zed are boundary
layer turbulence and cloud-dependent radiative
heating. The model is unique in that it provides
solutions to the primitive equations including com­
plex sources and sinks of momentum, heat and
moisture using a fine vertical grid in the coupled
atmopshere-soil boundary layer.

The general form of the model equat ion is the
Eulerian conservation equation given by :

oX, iJ [ _ ax, ]at + y . \l x. = a: K, (R,. : ) 8 : + A,

where the dependent variables X, and the associated
source terms A, are as listed in Ta ble I. In this
equat ion I is time, Y is three dimensional velocity
vector, z is height, K, is the eddy exchange coeffi­
cient for the dependent variables and R, is the
Richardson number.

The Eqn. (1) is non-linear through the depen­
dence of the eddy exchange coefficients on the
Richardson number. This implies a dependence
on the vertical gradients of the horizontal velocity
componen ts, temperature and humidity. The
















