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Mesoscale features of monsoon precipitation system as revealed by the objective
analysis of rainfall from the use of high dense land rainfall observations
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ABSTRACT. A simple method for daily rainfall analysis at the resolution of 1° x 1° Lat./Long. over Indian
monsoon region is applied from the use of dense land observations and satellite rainfall estimates for the month of June
2001. The results obtained show that the analysis is able to capture large scale as well as mesoscale features of monsoon
precipitation system. The availability of this data is expected to be very useful for the synoptic meteorologists and

numerical weather prediction modelling community.
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1. Introduction

For the purpose of verification of numerical model
output one needs to get the rainfall observations at the
model grid points. The daily gridded rainfall data has also
various other utilities such as, for the physical
initialization of numerical models (Krishnamurti et al.
1995), for calculation of fresh water flux for ocean
modelling, studying precipitation system, precipitation
climatology (Spencer, 1993), river management etc.

In absence of such data, satellite derived
precipitation estimates are used in number of studies
(Janowiak, 1992; McBride and Ebert, 2000; Roy
Bhowmik and Prasad, 2001) for validation of rainfall
forecast from Numerical Weather Prediction (NWP)
models. But the accuracy of the satellite product is limited
due to the indirect relationship of cloud top temperature
and precipitation (Richard and Arkin, 1981). It is well
established (Arkin et al., 1989; Janowiak, 1992; Ebert
and Marshal, 1995; Roy Bhowmik and Sud, 2003) that
satellite precipitation estimates fail to capture orographic
rainfall, apart from certain other seasonal and
geographical biases. Despite these shortcomings, this is
the only source of rainfall information presently available
over the Ocean and data sparse land region. In view of
growing demand of gridded rainfall data, recent studies
(Xie and Arkin, 1996; Mitra et al., 1997; 2003)

emphasized for improved rainfall analysis dataset by
combining rain gauge data and satellite estimates. Xie
and Arkin (1996) discussed a methodology to obtain a
rainfall data set from satellite estimates and rain gauge
data on monthly time scale. Mitra et al. (1997, 2003)
applied Cressman technique (1959) for objective analysis
of rainfall over Indian monsoon region at the resolution of
1.5° x 1.5° Lat/Long. from the use of INSAT (Indian
Geostationary Satellite) derived precipitation estimates at
2.5° x 2.5° Lat./Long. resolution and rain gauge data
available in real time by global telecommunication system
(GTS). They concluded that there is a scope for further
improvement in the analysis by increasing land
observations and grid resolution. In their studies, number
of land stations (about 80 to 140 stations) used for
contributing to 185 grid boxes for Indian land region is
not adequate. For 150 km grid spacing each grid box
covers an area of 22500 sg. km. Assuming that each rain
gauge represents an area of 75 x 75 sqg. km, it needs at
least 4 number of observations for computation of reliable
grid box average.

In the present study about 573 daily rain gauge
observations received from synoptic and DRMS (District-
wise Rainfall Monitoring Scheme) network of India
Meteorological Department (IMD) are utilized as
observed data set. In order to cover the data gaps over the
sea areas, this rainfall data set is supplemented by INSAT
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INSAT (cm): 9 June 2001
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(a) Rainfall analysis (cm) of 9 June, (b) same as (a) except for the satellite estimates, (c) corresponding land

rainfall observations (cm) and (d) Orographic rainfall (cm) of 9 June over Assam hills during the formation of a
monsoon low pressure system over the north Bay of Bengal

derived precipitation estimates. These satellite data are
obtained on the grid resolution of 1° x 1° Lat./Long.
following the algorithm described by Arkin et al. (1989).
The data sets for this study cover the area between Lat. 0°
to 40° N and Long. 60° to 100° E, which includes 415
grid boxes over the Indian land areas.

The objective of this study is to demonstrate the
potential of this analyzed data to capture monsoon
precipitation system and its structural characteristics. The
study is based on daily rainfall data for the month of June
2001. Daily rainfall represents 24 hours accumulated
rainfall ending at 0300 UTC of a day.

2. Methodology

In any objective analysis technique the main idea is
that estimation at any point is considered as a weighted
average of the mean values of irregular sites. If Z;, are
the observations from i = 1,...., n measurement sites,
then following Zakia Sen (1997), the estimated value Z,, at
the grid point m can be written as :

iZ::W(ri,m) Zim
gwm,m)

Zn -
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Where the weighting function W (r; ,,) is defined as
(Thiebaux and Pedder, 1987) :

RZ _r2 V
W) = | =—2" | for 0<r, <R
H 2 2 ’
R +r i,m
= 0, for m =R
= 1, for iy =

R is called the radius of influence and r, ,, is the

distance between i th site and the estimation point m. For
the present study R is considered as 200 km.

As adequate land observations are available over the
country (573 observations for 415 grid boxes of size
1° x 1° Lat./Long.), for the grid boxes over the Indian
land, satellite estimates are not included for computation.

3. Results and discussion

Monsoon low pressure system is the main rain
producing system of summer monsoon over Indian region
which forms over the northwest Bay of Bengal and moves
northwest wards across the country giving rise to heavy to
very heavy falls during its passage. Western Ghats of
India is another region where heavy orographic rainfall
occasionally occurs during the active phase of monsoon
due to the strong lower tropospheric westerlies. Intense
orographic rainfall is also realized often over the hill areas
of Assam because of orographic lifting. Although the
daily rainfall analysis is done for 30 days of June 2001, in
this paper episode of a monsoon low pressure system
whose life span was more than a week, is selected for
discussion.

The low pressure area formed over the northwest
Bay of Bengal and neighborhood on 9 June, became well
marked over the same area on 11 June. It concentrated
into a depression on 12 June and lay centered near Lat.
20° N / Long 87° E. Moving northwesterly direction it
crossed Orissa coast in the afternoon of 12 June. It moved
further inland and situated over northwest part of Orissa in
the morning of 13 June. It weakened into a well marked
low pressure area on 14 June and lay over Chattisgarh and
neighborhood. Subsequently as a low pressure area system
persisted over east Madhya Pradesh and neighborhood on
15 June and over northwest Madhya Pradesh and
adjoining Rajasthan on 16 June with the associated upper
air cyclonic circulation extending upto mid-tropospheric
levels.

Figs. 1 (a&b) shows the rainfall distribution based on
the analysis and satellite estimates respectively of 9 June

108 Analysis (cm): 12 June 2001
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Fig. 2. Rainfall analysis of 12 and 13 June 2001 during the
movement of monsoon low pressure system across the
country

2001 when the monsoon low pressure area was forming
over the northwest Bay of Bengal. Isohyets are plotted at a
regular interval of 2 cm. The analysis shows rainfall (2-6
cm) belts over the northwest Bay of Bengal, Orissa, west
coast of India (Kerala, Karnataka and south Konkan
coasts) and over the Andaman Sea. Another small-scale
heavy rainfall pocket is also seen over the Khasi hill areas
in Assam. In the satellite estimates [Fig. 1(b)] rainfall
activities along the west coast of India and over Assam
hills are absent. Satellite estimates have less spatial
variability and are generally very smooth. The
corresponding plot of land rainfall observations is shown
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Analysis (cm):14 June 2001
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Fig. 3. Structural characteristics of rainfall (cm)
distribution in association with monsoon low
pressure system based on analysis for 14 June,
15 June and 16 June respectively

in Fig. 1(c). In order to avoid overlapping of rainfall
between two neighboring stations, rainfalls less than 3 cm
are not considered for plotting. [Higher amount of rainfall
like 33 cm near Lat. 26°/Long. 89° is due to overlapping
of two stations of rainfall amount 3 cm each] The plot of
land rainfall is found to be in well agreement with the
rainfall analysis [Fig. 1(a)]. The orographic rainfall over
the Khasi hill in Assam is shown separately in Fig. 1(d). It
is interesting to note that the analysis could bring out this
mesoscale structure of orographic heavy rainfall (with
peak amount 14 cm).

Fig. 2 presents the daily rainfall analysis of 12 and
13 June during northwest movement of the monsoon low
pressure system. The active rainfall belt extended from
the northwest Bay of Bengal to westwards over the land
areas. The rainfall activity over the west coast of India
increased considerably.

On 14 June a robust organization of convections
ahead of the low pressure system is noticed. In order to
examine the structural characteristics of this precipitation
system, the analysis field (Fig. 3) is shown in a smaller
domain covering the influenced area of this system. The
analysis field of 14 June exhibits organization of
mesoscale convections with two prominent rainfall
maxima situated west and southwest of the system. The
primary maxima with heaviest intensity of 22 cm is
located near Lat. 19° N and Long. 80° E. The secondary
maxima with intensity of 16 cm rainfall is seen near Lat.
21° N and Long. 79° E. Over the area between Lat. 18°
to 22° N and Long. 77° to 80° E three other meso scale
rainfall (4 to 10 cm) cells are seen. The depression was
centered near Lat. 21° N and Long. 85° E on 13 June at
1200 UTC. Along the west coast of India intense
orographic rainfall zone with peak intensity of 8 cm is
noticed centered near Lat. 16° N and Long. 73° E. The
corresponding satellite estimates shows a maximum value
of 6 cm covering wider areas with center near Lat. 18° N
and Long. 79° E (Fig. 4).

The heavy rainfall belts gradually shifted westward
during 15 and 16 June. On 16 June rainfall activity was
confined over north Konkan and adjoining areas of
Guijarat region and Arabian Sea. In the analysis of 15 June
(Fig. 3) the rainfall maxima of order 16 cm and 8 cm are
observed at Lat. 19° N / Long. 80° E and Lat. 20° N /
Long. 78° E respectively. Two other meso scale rainfall
(6 to 8 cm) cells are observed east of Long. 74° E between
Lat. 20° and 22° N. Along the west coast of India very
intense orographic rainfall zone with peak intensity of 18
cm is located with center near Lat. 20° N and Long. 73° E.
The satellite estimates show east west oriented rainfall
maximum of order 4 to 6 cm covering the domain
between Lat. 18° N to 22° N and Long. 70° E to 80° E. On
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Fig. 4. Same as Fig. 3 except for the satellite estimates (cm)
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Fig. 5. Same as Fig. 3 except for land rainfall observations (cm)
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16 June the intense rainfall belts rapidly moved westward.
Two rainfall maxima of order 22 cm around Lat. 21° N
/Long. 70° E and 18 cm around Lat. 20° N / Long. 72° E
are observed. The corresponding satellite estimates
(Fig. 4) shows a rainfall maxima of order 6 cm neat Lat.
22° N/ Long. 69° E. The corresponding plots of land
rainfall observations are shown in Fig. 5. [The higher
rainfall amount of 44 cm near Lat. 24.5° / Long. 75.5° is
due to overlapping of two stations]. The rainfall analysis
(Fig. 3) is found to be in well matching with the
corresponding land rainfall plots.

One of the important aspects of monsoon depression
is the asymmetric distribution of rainfall around its center
(Chaudhury and Gaikwad, 1983; Venkatraman et al.,
1974; Rajamani and Rao, 1981). Most studies have
showed that a primary zone of heavy rainfall occurs in the
south-west sector about 200-500 km away from the center,
while a secondary zone of comparatively less rainfall is
located about 800 km west of the depression center. The
area around first 100 km of the depression center is
generally free from intense rainfall activity. These
features are well captured in the daily analysis,
particularly on 14 June when the system was more
organized. The corresponding satellite estimates have
lower values, less spatial variability and are generally very
smooth. The orographic monsoon rainfalls which are
absent in the satellite estimates are distinctly captured
with realistic peak intensity and location in the rainfall
analysis.

4,  Conclusion

The present study demonstrates the potential of
improved daily rainfall analysis for monitoring and
analysis of monsoon precipitation system. The study
shows that the daily rainfall analysis is able to capture
large scale as well as mesoscale features of monsoon
precipitation system. The study has confirmed the
asymmetric mesoscale structure of precipitation associated
with monsoon depression. Availability of this analysis
rainfall data is expected to be very useful to NWP
community for model initialization and model validation.
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