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Forecasting over the monsoon area by a sem i-implicit
semi-Lagrangian regional pri mit ive equ ation model

A. K. BO H RA

steteorotogirat 0.0;("(', S rII' Dd/ri

"n: - 'SIr-t;;frpf Fq'if f,{flf;:;f".nR'r. 'SJf~lf1:.ii ~ JfI1T~ iJOf l; 'Wi J:~ ~;pfy'f.7:'1tfORff '1>T m f'f.lfT lflTl ~ I I Ii :{Of

t s tn <it ~ 'fT1T7 it~~U~;-:An: ·~~olifpff.fnT r.r ~~f;my rpn ~ I W"l", rrrn.l lJfC'it
ll1"t 'lfnrrt,'i 'T': r...w.~mr'lll1 ~ I

ABSTR ACf. A regional primitive equat ion mode l, with the incorporation of di fferent physical processes in
pa rameteri sed for m. is described. The model is ap plied o ver the Indian monsoon area for predict ing a monsoon
sto rm in the Arabia n Sea o n 16 Ju ne 1979. Th e results of the pred iction experiment arc discussed ,

J. lntruduct lon

The so uthwest mOl1'OOI1 i"i the most dominant ph eno­
mena in determining th e weather conditions over south­
eas t Asia and adjoin ing regions. Attempts are being
made to predict th e d ifferent as pects of mon soon (such as
o nset , rainfall . mo vement o r mon soon depression etc)
on sho rt and med ium ran ge t ime scales utiliz ing va rio us
global and regional model s (Krishnamurt i N at. 1983 a ,
Bohra et at. 1986, Singh et al. 1988, etc) . In thi s pa per ,
a short ran ge fo recast experiment is co nducted
ove r th e region (30' S - 50° Nand 30° E - 150 ' E)
wh ich includes th e mon soon region . A semi-implicit,
semi-Lagrangian region al primit ive equat ion model is
used to conduct th is experiment.

2. The model

The model is de scribed in detail by Bo hra ct at.
( 19K6). We describe here only a few salientpoints.

2. I. Structure
Keeping in view the intended use of th e model for rnon ­

soo n pred ict ion , it has been ca st on a regular latitude{
longitude grid with 2 X 2 resolution . Its horizontal do­
main is 30 ' S to 50" Nand 30 ' E to 150° E. Sigma coordi­
na te system has been used in the vert ical to account for
the hig h orogra phy of the region . The present version
has 10 levels in th e vertical. Thr to p of the model is at
o = O. I and bot tom level is at the earth's surface . The
mod el includes envelope orogra phy normalized to a peak
height of 3 km . Arakawa-A gr id is used in th e borizontal.
The va riables arc staggered in the vert ica l a :-. sho wn in
Fig. I. The mod el dom ain as well as the reso lut ion is
tlexible and can be ch an ged , if required.

2 .2. Dynamic f ormulation

The usual momentum equations. thermodynamic
equat ion, mass continuity equation and the moist ure

conti nuity equation written in the Lagran gian fo rm
constitute the prognostic equations of the mod el.

2.3. lnitiatizntion scheme

A dynamic normal mode initializa tion scheme. simil ar
to on e proposed and used by Sugi (1986) in FSU global
mod el. has been used . In thi s scheme a balanced state is
obta ined by fo rward-backward integrat ion of linear part
o f the model equat ion s. During the integration of the
linea r part, the non-linear part is kept con stant. The
ch ange in the non-l inear terms due to linear integration i5
conside red itera tively as in the non-linear normal mode
init ia lization. This scheme does not require
explicit computation of the free normal modes. but
condi tion o f initializa t ion is similar to Machcn ha ucr
(1977) scheme. A ' elect ive damping scheme due to
Okamura is used for forward-backward integra tio n.

2 .4. Parumeterization of physical P I'OCf!Jses

The parameteriza tion of th e fo llowing physical
pr ocesses are included in this model :

(i) Dry convective adjustment,

(ii) Deep cumulus convection.

(iii) Shal low con vect ion ,

(i..) Large-scale non-convecuve heating.

(,.) Surface fluxes of momentum. moisture a nd heat ,

(" i) Planetary bo undary layer,

( ..ii) Rad iat ion incl ud ing the cloud feedback and
diurnal processes, -

(I'iii) Energy balance at the earth's surface and

(ix) Empirical estimate of ground wet ness.
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