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ABSTRACT. A numerical analysis of the synoptic situation leading to devastating floods in Punjab and
adjoining states during September 1988 has been carried out. The analysis is done by three dimensional multivari-
ate optimum interpolation (OI) scheme cast on 1° 3 1° Lat./Long. grid. Software has been _devcloped for compu-
tation of several derived parameters and linked with the basic flow variable analysis. A diagnostic study of day
to day rainfall versus the objectively analysed grid point ficlds of integrated horizontal flux divergence of water
vapour is carried out. The study brings out a close spatial correspondence between the area of net moisture flux
convergence on the analysis day and the arca of heavy rainfall on the following day. The study suggests that the
numerical analysis products can be of a good predictive value to a synoptic forecaster in heavy rainfall predictions
under difficult and uncertain synoptic situations.
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1. Introduction

The prediction of rainfall asscciated with tropical
weather disturbances, especially the heavy rainfall
extremes which cause floeds and other damages, is a
central problem in tropical meteorology. The common
approach followed in tropical weather predictions is
through the synoptic methods of forecasting by a human
ferecaster, though computerised methods of numerical
weather prediction are also being increasingly used. The
synoptic methods have their inherent limitations in that
a human forecaster, who bases his inferences and fore-
casts on manual analysis of weather charts, can nct
visualise the four-dimensional structure of the atmosphere
beyond a certain limit. The forecaster’s difficulty is
compounded in the situations of extreme weather
events,

In order to make a comprehensive diagnostics of the
state of atmosphere at a given initial time, it is neces-
sary to look at not only the distribution of the so called
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flow variables the wind, geopotential height and temper-
ature, but also some of the derived parameters of
atmospheric circulation such as vorticity, convergence,
divergence, vertical motion, moisture distribution etc.
The latter are possible to compute and represent only
with the help of computerised methods of numerical
(objective) analysis.

In view of the fact that some of the rain producing
disturbances in the tropics are ¢f meso-scale (100-1000
km) and even small scale (<< 100 km) dimensions, such
numerical analyses should be carried cut on fine meshes
of the order of 100 km or less so as to resolve these
disturbances properly. Keeping the above aspect in
view, a fine mesh numerical analysis system cast on
1°>1° Lat./Long. grid has been designed and imple-
mented. The analysis is carried out bv a three-dimen-
sional statistical multivariate optimum interpelaticn (O1)
scheme. Software has been developed for computation
of a number of derived parameters and linked with the
analysis scheme.
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This paper discusses the usefulness of the fields of
derived parameters as an aid o the synoptic forecaster
in enhancing his capability and confidence towards
accurate weather prediction. The efficacy of the numeri-
cal products in this context is demonstraied with refer-
ence to one cf the most severe flood producing rain-
storm of the receni past the prolonged extremely
heavy rainfall over northwest India during 22-27 Sep-
tember 1988 — which resulied in a catastrophe over ihe
area, particularly Punjab and. therefore, deserves a
thorough investigation from the meteorclogical pcint
cf view. Since moisture plays the crucial role in the
rainfall process, attention is focussed on the disiribution
of moisture parameter in the form of horizontal flux
divergence of water vapour. The analysis shows en-
couraging results and brings out the importance cf the
above parameter as a potentially useful tool in rainfall
predictions.

The main features of the optimum interpolation
scheme are described briefly in section 2. Section 3
contains a shcrt synoptic history of the atmospheric
disturbances which led to the heavy rainfall and flcods.
In section 4 derivation of a suitable parameter for
rainfall diagnostics is made. In section 5 the occurrence
of rainfall is discussed with reference to the derived
numerical products, section 6 gives the concluding re-
marks.

2. The optimum interpolation scheme of objective analysis

The objective analysis scheme used in this study is
based on three dimensional multivariate optimum
interpolation as described by Mc Pherson er al. (1979),
Di Mego er al. (1985), Dey and Morone (1985), Prasad
and Bansal (1987). The analysis is performed for the
geopotential height, u and v components ¢f wind and
specific humidity. Temperaiure is obtained from geo-
potential through the hydrostatic relationship. The
analysis for geopotential and wind components is multi-
variate in that the analysis of one parameter is influenced
by the other parameters. The computcd corrections
to the first guess for the mass and motion variables are
geostrophically coupled poleward of 25" Lat.. partially
decoupled between 25 and 10 deg Lai. and fully de-
coupled equatorward of 10° Lat. The analysis of speci-
fic humidity is univariate.

The cata input for the analysis arc the upper air
(TEMP/PILOT). surface (SYNOP/SHIP). satellite deriv-
ed winds (SATOB). satellite thickness profile (SATEM)
and aircraft (AIREP) obtained on the Global Tele-
communication System (GTS). The data are sorted,
decoded, preprocessed into the format required by the
analysis scheme and passed through the usual quality
control checks befoie being used for the OI analysis.

3. The observed atmospheric evolution and severe rainstorm of
22-27 September 1988 over northwest India

Towards the end of the monsoon season in 1988 a
monsoon low pressure area moved from Bay of Bengal
to Rajasthan across Madhya Pradesh. The low ovrigi-
nated in Bay of Bengal on 19 September 1988. Moving
northwestward across Madhya Pradesh from 20-22
September, it remained practically stationary between
22 and 23 September over southwest Madhya Pradesh
and neighbourhood. Thereafter it took a north north-
westerly course across Rajasthan and continued moving
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Fig. 1. Track of low pressure area, 19-26 Sep. 1988, and cumu-
lative rainfall, 22-27 Sep 1988 over northwest India

in that direction up to 26th. The low dissipated subse-
quently. The track of the low pressure area alongwith
the cumulative rainfall of the period 22-27 September
are shown in Fig. 1. Fig. 2 (a) shows the flow pattern
analysis at 850 hPa on 23 September 1988.

At the same time a middle latitude westerly wave
trough in the upper troposphere was approaching north
India from west during 22-23 September. The trough
was extending from 25° N to 45° N between 65°E &
70° E on 23 September and was well marked and deep.
The trough weakened and moved away eastward later.
The flow pattern analysis at 300 hPa is shown in Fig.

2(b).

The low spawned an unusually heavy and prolonged
spell of rainfall from 22 to 27 September over parts of
northwest India, viz., Punjab, Himachal Pradesh and
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Figs. 2 (a-b), Flow pattern analysis of the synoptic situation on 23 September 1988 (00 UTC):
(a) 850 hPa and (b) 300 hPa. Dotted area of hzavy rainfall on 24 S2p 1988

adjoining arcas of Haryana and Jammu & Kashmir. Ex-
ceptionally heavy falls of the order of 30-50 em in 24
hours occurred at a few places on 24 September. Amount
exceeding 20 cm continued to be reported on other
days. The rain spell brought catastrophic floods in
Punjab.

The interaction between a tropical low and upper tro-
pospheric trough is usually a favourable combiration for
occurrence of exceptionally heavy rainfall over ncrth
India during the monsoon season. This type of situa-
tiors de occur occasionally cver northern parts cf the
country and are cne of the most important synoptic
events causing flocd producing rainstorms over th:
north Indian river basins, generally during the late
monscon period. The area anead of the wave trough
being an area of upper divergence is most liable fc heavy
falls. The rainfall in the present case fcllowed this
general pattern, as may be seen in Fig. 2(b).

A notable feature cf the rainfall distribution was that
the heavy rainfall area was far to the northnortheast
of the position of the low on all the days of the rainstorm
which is reflected in the cumulative rainfall pattern
and the track shown in Fig. 1. Another notewcrthy
feature was the heavy rainfall in a very small areal
extent, This pattern of rainfall is typical of the mon-
soon disturbances duting the late monscon month of
September (Rao 1976). An interesting aspect of the
present case, however, was that heavy rainfall continued
over the same area even after passing away of the upper
trough after 23 September and orly the low level circu-
lation sustaining the rainfall. These typicalities cf the
rainfall distribution can best be examined with the aid
of numerical analysis, which is the subject matter of the
succeeding section.

4. Diagnostic numerical products

The optimum interpolation scheme of numerical
analysis discussed in section 2 gives us the grid point
fields of only the basic flow variables, the gecpotential
height, temperature, # and v components of wind and
humidity. Once the fields of basic parameters have

been obtained, the fields of derived parameters can be

constructed. The derived parameters of most common
interest are the vorticity. vorticity advection, divergence
and vertical motion. A suitable parameter which
could be related to rainfall is the vertically integrated
horizontal water vapour flux divergence which is defined
as :

i P
Divilex = — —= f 7.qVdp

Pr

where, ¢ is the specific humidity, V is the horizontal
wind vector, pg and py are the pressure levels at the
bottom and top of the atmosphere. For the purpose
of computations the integrated water vapour flux
divergence may be evaluated as follows :

)
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_ The expressions in Eqn. (2) are computed at the
individual standard isobaric levels from 1000 to 300
hPa and ther integrated. The divergence term and the
moisture advection terms are computed from the ana-
lysed fields c¢f » and v components of wind and specific
humidity ¢ provided by OI. 300 hPa is the last level
where humidity analysis is available.

5. Discussion

5.1. The analysis of water vapour flux divergence and
upper vorticity advection vis-a-vis rainfall from 23
to 27 September 1988

The daily analysis of integrated horizontal water
vapour flux divergence for the pericd 23 to 27 Seprember
1988 are presented in Figs. 3(a-d). Superimposed on these
sre the 24-hovr rainfall amounts (cm) recorded the next

ay.

The flux divergence pattern as shown in Fig. 3 is
marked by the presence of a positive maximum (net
flux convergence) of the order of 100 to 200<10-% gm
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Figs. 3(a-d). Integrated horizontal water vapour flux divergence (Surface-300 hPa): [(Unit}: 107 gm em™ s7):

Positive values indicate net moisture convergence und dotted area of heavy rainfallj_nextl day
(a) 23 Sep. (b) 24 Sep. (¢) 25 Sep and (d) 26 Sep (00 UTC)
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Figs. 4(a-b). Same as in Fig. 3 except (a) 27 Sep 00 UTC and (b) 27 Sep 12 UTC
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Figs. 5(a-c). Advection of absolute vorticity at 300 hPa; (Unit : 107°5™) (a) 22 Sep, (b) 23 Sep and (c) 24 Sep 1988
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Fig. 6. Analysis of specific humidity (g/kg) and winds at 850 hPa  Fig. 7. Station observations of specific humidity (g/kg) on 23 Sep

on 23 Sep 1988 and area of heavy rainfall on 24 Sep 1988

em—2 s—! over nerthwest India on all the days from
23 to 26 September. It is interesting to see that the
concentration of heavy rainfall is very close to the con-
vergence maxima, nearly coinciding in some cases.
Heavy rainfall ccntinued up to 27 September. The
pattern of flux divergence shows considerable weakening
of the convergence maxima on 27 September [Figs. 4
(a-b)] and the rainfall almost ceased on 28 September.

The rainfall was the heaviest on 24 September. It
may be recalled from section 3 that the upper tropos-
pheric flow pattern was characterised by the synchronous
movement of a westerly trough across north India
[Fig. 2(b)]. The area abead of the trough is usually
associated with positive vorticity advection (PVA) and
divergence. In order to lcok at the role of vorticity
advection in the present case, the field of this parameter
was derived from the analysis of # and v components
at 300 hPa. These are presented in Figs, 5(a-c). East-
ward movement of a PVA maxima across northern
parts of India from 22 to 24 September may be noticed.
On 23 September the PVA maxima happened to overlay
the moisture flux convergence shown earlier in Fig. 3(a).
The superimposition of PVA over the low level moisture
convergence would have enhanced the latter between
23 and 24 September resulting in the exceptionally
heavy falls on 24 September,

1988(12UTC)
5.2. The analysis of specific humidity

The expression for horizontal flux divergence in
Eqn. (2) consists of two terms, the velocity divergence
term multiplied by ¢ and the moisture advection term.
Generally the latter, being an order of magnitude higher
would have a dominant effect on the flux divergence.
In order to examine the observed pattern of flux diver-
gence vis-a-vis the advection of moisture (specific humi-
dity), the analysis of latter at 850 hPa of 23 September is
shown in Fig. 6. The chart shows a cell of high specific
humidity amounting to 20 g/kg over the area covering
Himachal Pradesh, hills of west Uttar Pradesh and
neighbourhood. Superimposed on the specific humidity
isopleths are the winds at 850 hPa. Also shown is the
arca of heavy rainfall (stipled with dots). The south-
easterly winds over the area are seen cutting across the
maxima of specific humidity causing strong moisture
advection downstream where heavy rainfall has actually
occurred. Fig. 7 shows the actual station observations of
specific humidity for verifying the grid point analysis of
the same parameter shown in Fig.6. The specific humidity
figures at Delhi and a neighbouring station, north of it,
do suggest existence of pockets of high specific humidity
in this area as brought out in the grid point analysis.
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6. Concluding remarks

It has been pcssible to demonsiraie with the help of
numerical analysis that the area of flood producing
heavy rainfali over northwest India during Sepiember
1988 had a close spaiial correspondence with the area
of net mcisture flux convergence. The synchronous
movement of an area of pesitive verticity advection in
association with an upper tropospheric irough pro-
vided an additional trigger to produce excepiiorally
heavy falls on 24 September. The study suggests ithat
availability of such numerical products on a rouiine
basis can be of a good predictive value to a synoriiz
forecaster in rainfall prediction under difficult and un-
usual synoptic situaticns.
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