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Summary

The results of incorporating a nonlocal boundary-layer
diffusion scheme in a forecast model over Indian region are
discussed. The simple formulation of atmospheric boundary
layer height in the nonlocal diffusion scheme is examined
in detail to understand how far the model simulated
boundary layer height is realistic. Analyses of the temporal
and spatial variability of the boundary height for three cases
representing premonsoon, active monsoon and post mon-
soon conditions over Indian region show that it is
comparable with the observational evidence. Further, for a
case of active monsoon condition over Indian region, com-
parison of precipitation forecasts with the nonlocal scheme
and the control local boundary-layer scheme clearly
indicated that the model run with the nonlocal scheme is
significantly more accurate in forecasting the intense pre-
cipitation locations.

1. Introduction

Turbulent motions within the atmospheric bound-
ary layer (BL) are primarily responsible for the
mixing of heat, moisture and momentum. Large
scale numerical models conventionally describe
this turbulent mixing with a vertical diffusion
scheme using an eddy diffusivity determined
independently at each point in the vertical based
on local vertical gradients of wind and virtual
potential temperature. This approach assumes
that turbulent fluxes always flow down the mean

gradient. The fact that such turbulence closures
fail in the case of well-mixed convective bound-
ary layers was recognized long time ago. Based
on experimental evidence, Deardorff (1972) gave
theoretical explanation to the failure of this
down gradient approximation for convective tur-
bulence. The presence of large coherent struc-
tures such as convective thermals can produce
turbulent transports that cause fluxes to go count-
er to the local gradient. A simple formulation
including the countergradient effects for vertical
diffusion was developed by Troen and Mahrt
(1986). This scheme has been widely tested in
numerical models with suitable modifications
(Holtslag and Boville, 1993; Hong and Pan, 1996,
and others). This nonlocal vertical diffusion
scheme determines an eddy-diffusivity profile
based on a diagnosed boundary-layer height and
a turbulent velocity scale. It also incorporates
nonlocal (vertical) transport effects for heat
and moisture. Testing in climate models (e.g.,
Holtslag and Boville, 1993) showed that the tem-
perature and moisture profiles were better simu-
lated by this scheme than the local diffusion
scheme. It increased the vertical moisture trans-
port causing more rapid detrainment from the
boundary-layer top and, as a consequence, shift-
ing of the maximum cloudiness to upper regions
above the boundary layer. Also it was seen that
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this scheme induced an overall increase in total
precipitation amounts. Hong and Pan (1996)
showed that introduction of a nonlocal bound-
ary vertical diffusion scheme and update of
the convection scheme in the National Centers
for Environmental Prediction (NCEP) Medium
Range Forecast (MRF) model improved precipi-
tation forecast skill over continental USA.

In this paper, we present the results of testing
the nonlocal scheme following Hong and Pan
(1996) in a version of the Global Spectral Model
(GSM) run operationally at National Center for
Medium Range Weather Forecasts (NCMRWF),
India. We focus on the simulation of the charac-
teristics of BL development with the nonlocal
scheme over the Indian region for three cases
during pre-monsoon, active summer monsoon
and post monsoon and attempt to validate with
observational evidence. In addition, for the case
of active monsoon condition over Indian region,
the three day forecasts with the nonlocal scheme
are compared to the control local boundary layer
scheme run to see the impact on the forecasted
low level wind circulation and rainfall.

Section 2 gives a brief description of the model
and the boundary layer schemes used. Data uti-
lized and the experiments carried out are described
in Sect. 3. Section 4 contains a detailed examina-
tion of the temporal and spatial variability of the
simulated BL height. This section also discusses
on the results of a synoptic forecast obtained with
the local and nonlocal schemes and makes a quan-
titative assessment of the precipitation forecasts.
Conclusions are presented in Sect. 5.

2. Description of the model

In this section, we present the salient features of
the GSM used and a brief description of the mod-
ifications made to the boundary-layer scheme
following Hong and Pan (1996).

The model used is a version of the operational
forecast model at NCMRWEF. This is an adapted
version of the earlier NCEP GSM (documented
in NMC Staff, 1988). It is based on the primitive
equations. The model variables are vorticity, di-
vergence, virtual potential temperature, natural
logarithm of surface pressure and specific humid-
ity. The prediction equations consist of the diver-
gence and vorticity equations, the hydrostatic
equation, the thermodynamic equation, the mass
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continuity equation and conservation equation
for water vapor. The model uses spherical har-
monic functions for the horizontal representation
of variables. The vertical co-ordinate system
is the sigma co-ordinate, with a finite differ-
ence scheme of Arakawa. The scheme conserves
mass, momentum, potential temperature, water
vapor, angular momentum and total energy. The
time integration scheme is semi implicit to allow
longer time steps. The model horizontal resolu-
tion is T80, corresponding to a grid size of about
1.5 degrees or 160 km. The model has 18 vertical
levels, the lowest being about 10 hPa above the
surface and with five levels below 850 hPa.

The physical processes used in the model
include long- and short-wave radiation, cloud-
radiation interaction, planetary boundary-layer
processes, deep and shallow convection, large
scale condensation, gravity wave drag, enhanced
topography, simple hydrology, and vertical and
horizontal diffusions. The deep convection
scheme follows a modification of the Kuo
scheme. The surface layer physics is based on
the Monin-Obukhov similarity theory (NMC
Staff, 1988). Soil wetness is predicted based on
the bucket method. Snow depth is predicted and
interacts with radiation through surface albedo.
Surface evaporation is based on Penman-Mon-
teith theory. Over land, surface temperature and
soil temperature (two layers) are predicted using
energy balance.

A local stability-dependent vertical diffusion
scheme was originally used in the model for the
boundary layer as well as the free atmosphere. In
this scheme the vertical turbulent transport of
momentum, heat, and moisture is represented by
an eddy diffusion term of the form:

F.=-K.0C/0z, (1)

where, F, is the vertical flux for the quantity C
(e.g., wind components u and v, potential tem-
perature 0, and water vapor mixing ratio q), z is
the vertical co-ordinate, and K. is the vertical
eddy diffusion coefficient, or eddy diffusivity.
The eddy diffusivity used in this formulation de-
pends on the local vertical wind shear, the par-
cel mixing length, and the local Richardson
number. Betts et al. (1996) gives a detailed de-
scription of this local diffusion scheme.

In this study a nonlocal boundary layer scheme
following Hong and Pan (1996) is incorporated



























