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ABSTRACT. The trials of district level forecasts yielded encouraging results during 2005 monsoon. The purpose
of this paper is to document the methodology followed in the value addition during the periods of monsoon depressions
and storms. The focus is on the use of Mean Sea Level (MSL) positions and the 850 hPa circulation features predicted by
different model centres, especially the European Centre for Medium-Range Weather Forecasts (ECMWF). The ECMWF-
predicted 72 hr MSL position of the monsoon depression centre was found to be significantly correlated to the actual
position of the system and the central location of the realized rainfall zone associated with the system. Even the predicted
location of the system at 850 hPa by the ECMWEF has been found useful in identifying the districts that received heaviest
rainfall associated with the monsoon systems.

MMS5 and T-80 — predicted locations of the system at 850 hPa yielded lower correlations with the location of the
actual rainfall zone associated with the system. As ECMWF — predicted rainfall was not available the rainfall predicted
by MM5 and T-80 were used in the computations of the correlations with actual rainfall amounts associated with
monsoon depressions and storms. The correlations between MM5 and T-80 — predicted average and maximum rainfall
associated with systems and corresponding actual were poor. Though it is not difficult to identify the districts that are
likely to be affected by the heavy rainfall associated with monsoon depressions/storms, the prediction of exact rainfall
amount for each district (beyond heavy, very heavy or exceptionally heavy categories) is difficult from the model outputs
which makes such forecasts a very challenging task. Therefore, the value addition using other inputs such as satellite
information, synoptic charts, climatology etc. are very useful in the prediction of rainfall amounts associated with
monsoon systems.

Key words — Value addition, Model Output Statistics (MOS), Monsoon Depression (MD), District level

dynamical forecast, Predictor, Ensemble, European Centre for Medium Range Weather Forecasts
(ECMWF).
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1. Introduction

Monsoon Depressions and storms are important
synoptic systems of the summer monsoon season. These
systems generally form over the north and adjoining
central Bay of Bengal at the eastern end of the Monsoon
Trough (MT) and move along the MT and produce
copious rainfall over the central parts of the country.
(Pisharoty and Asnani, 1957; Rao, 1976, Saha et al., 1981
Chang and Krishnamurti, 1987; Jadhav, 2002). The
prediction of district level rainfall associated with these
systems is a challenging task due to uncertainty involved
in the prediction of their track of movement and the
maximum rainfall amounts associated with these systems.
Numerical Weather Prediction (NWP) models have their
own limitations in predicting the quantity of rainfall
associated with these systems for smaller spatial
resolutions such as district level. The value-added district
level dynamical-synoptic system for rainfall being
developed in the India Meteorological Department [Lal
et al., 2006(a&b)] utilizes several inputs such as different
model outputs other than rainfall (i.e., circulation features
at 850 hPa, sea level pressure, vertical velocity etc.),
synoptic charts, climatology, satellite information etc. in
addition to the rainfall predictions. The trials during 2005
monsoon have shown that it is difficult to arrive at an
accurate district level forecast of rainfall associated with
monsoon depressions and storms using the model-
predicted rainfall alone even if the ensemble consists of a
large number of models (Lal et al, 2006a). The value-
addition using the above-mentioned inputs yielded
considerable improvement in the forecast skill. The main
aim of the present paper is to describe the methodology
used in the value addition during the periods of monsoon
depressions and storms.

2. Data and methodology

ECMWHF-predicted 72 hr MSL positions of the
centre of the monsoon system (depression or storm) and
corresponding 850 hPa locations of the cyclonic
circulation have been used to determine the districts that
were likely to be severely affected by the system. The
outputs of MM5 and T-80 were also examined but
ECMWEF outputs yielded better correlations with actual
rainfall zones associated with the systems. As far as
rainfall amount is concerned it was found that the satellite
imageries, climatologies and the previous day realized
rainfall associated with the systems were very useful in
the value addition as the constituent models generally
underestimated the heaviest rainfall amounts. Thus the
realized rainfall data pertaining to all four monsoon
depressions/storms formed during 2005 and the satellite
imageries along with different model outputs have been
used in the present work.
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Fig. 1. ECMWF-predicted mean sea level positions (1200 UTC) of
the centre of the system (cyclonic storm, 17-22 September,
2005) along with the actual positions given by RSMC, New
Delhi

3. Results and discussion

During the southwest monsoon season-2005 four
monsoon depressions/storms formed over the Bay of
Bengal and crossed east coast of India. The ECMWF-
predicted MSL positions along with actual positions
(given by RSMC, New Delhi) pertaining to all the four
systems have been presented in Table 1. The ECMWF and
MM5-predicted positions and maximum winds at 850 hPa
are also given in the same Table. Out of these four
systems one intensified into a cyclonic storm. This system
was located over the northeast Bay of Bengal near
Lat. 20.5° N / Long 90.5° E on the morning of
17 September as a depression and intensified into a
cyclonic storm in the evening of 17" itself and
subsequently crossed Andhra Pradesh coast near
Kalingapatnam in the morning of 19". The system
produced widespread rainfall with heavy to very heavy
falls in several districts of a number of meteorological
sub-divisions which led to a significant improvement in
the seasonal monsoon rainfall scenario over the country.

3.1. ECMWF-predicted and actual MSL positions of
the centre of monsoon cyclone

The predicted and actual MSL positions of the centre
of the cyclone have been depicted in Fig. 1. It can be seen
from Fig. 1 that from the time of formation (i.e., 17" to
the time of landfall (19") the 72 hr positions predicted by
the ECMWEF were very close to the actual positions. The
ECMWEF predicted a slight southerly movement between
17-19 September whereas RSMC, New Delhi kept a
westerly movement till 19"™. The 72 hr predicted and
actual positions on 20" were remarkably close but on 21%
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TABLE 1

Position and Intensity related predicted parameters i.e., 72 hr predicted positions of depression/storm centres at MSL & 850 hPa
and associated max. winds at 850 hPa along with actual MSL positions during 2005 monsoon

ECMWEF- ECMWF-predicted 72 hr position of ~ MMS5- predicted 72 hr position of

,?)cot;f:ilol;]/lz- prelji(;'t\g:v; hr pgelfjéc(t)e]:cd cent-r? and max. winds at 85-0 hPa cent-re- and max. winds at 8-50 hPa
S. Date  CeNtre (RSMC,  position of closest Position of Max. wind Position of Max. wind
No. New Delhi)  centre at MSL Isobar centre (kts) Centre (kts)

Lat. Long. Lat. Long. Lat. Long. Northern Southern Lat. Long. Northern Southern

(°N) (°E) (°N) (°E) (hPa) (°N) (°E) Sector Sector  (°N) (°E)  Sector Sector
1 27Jun 215 88 - - - 21.8 88.6 20 35 233 90.9 26 37
2 28Jun 23 86 - - - 221 879 30 45 214 90.7 29 45
3 29Jun 235 855 - - - 224 838 20 25 228 874 29 42
4 30 Jun 24 82 22 83.3 995 22.7 82.4 20 35 225 883 21 39
5 1ul 245 805 24 81.3 995 233 824 30 35 233 883 14 32
6 2 Jul 245 805 24 81.3 995 23.6 81 20 30 - - - -
7 3 Jul 245 80.5 - - - 24.8 78.6 25 30 26.7 80.7 16 32
8 4 Jul 25 795 253 80.6 995 261 813 30 25 258 775 37 45
9 5 Jul 26 80 26 80.6 990 28.2 77.2 30 30 283 76.9 32 18
10 6Jul 251 782 26 78 995 273 765 40 30 283 779 29 13
11 28Jul 217 887 - - - - - - - 219 876 25 25
12 29Jul 215 87.5 22 82.7 995 224 80.7 10 40 225 89.8 20 35
13 30Jul 215 85 213 88 995 209 885 15 30 203 90 25 40
14 31 Jul 22 82.5 - - - 20.9 86.2 30 40 23.1 88.6 20 25
15 1Aug 233 79.3 - - - 22.1 79.3 30 45 - - - -
16 2Aug 243 766 - - - 23 78 20 35 233 733 10 20
17 11Sep 18.6 86 17.3 84 1000 19 82.5 25 20 225 855 30 20
18 12Sep 21 85 20 84 990 185  86.5 25 35 21 83 40 25
19 13Sep 22 82.5 20 84.7 1000 19 86.2 40 45 21.7 817 50 35
20 14Sep 23 80 215 835 1000 209 85.2 45 35 222 817 35 30
21 15Sep 255 78 22.5 79 1000 22.5 83 30 30 275 821 20 15
22 16Sep 28 78 - - 1000 - - - - 258 76 15 40
23 17Sep 288 782 - - - 27 75 30 30 - - 15 20
24 16Sep 193 931 - - - - - - - 185 93 30 30
25 17Sep 20.5 90 20 89.5 1000 18 92 25 35 26.1 76.7 20 25
26 18Sep 195 865 20 87.5 995 - - - - 24 843 25 10
27 19Sep 185 83.5 21 83 1000 20 83.5 30 30 16 895 25 40
28 20Sep 19 80.5 19 82 995 - - - - 20 86 30 45
29 21Sep 21 76 20.5 80.5 1000 20 81 20 25 208 83 15 25
30 22Sep 217 74.8 17 78 1005 21 78.5 10 15 23 78 15 25
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TABLE 2

Predicted and realized rainfall parameters associated with monsoon depressions/storms during 2005

MM5-predicted 72 hr rainfall T-80-predicted 72 hr rainfall Realized rainfall

Central location of Average Maximum Central location of Average Maximum Central location of ~ Average Maximum

- No. Date max. rainfall zone rainfall rainfall ~ max. rainfall zone rainfall rainfall ~ max. rainfall zone  rainfall  rainfall
Lat (°N) Long (°E) (cm) (cm) Lat (°N) Long (°E) (cm) (cm) Lat (°N) Long (°E)  (cm) (cm)
1 28 Jun 241 89.9 13 4.3 22.8 87.7 19 4.3 21 86.6 8.3 11
2 29 Jun 225 86.4 12 4.3 214 85 25 4 21.8 83.5 5 5
3 30 Jun 22.4 84.4 18 5.3 22.8 84.2 2.2 44 231 83.4 6 6
4 1 Jul 233 82 1.9 54 234 81.4 2.8 6.7 23 80.8 2 2
5 2 Jul 224 81.9 181 35 23 80.7 16 2.6 24 80.2 13 19
6 3 Jul - - - - 225 82.7 18 3 24 78.5 11.25 19
7 4 Jul 24 79 14 3 24 83.5 2 5.5 23 78.9 18.4 48
8 5 Jul 27 81.1 1.9 6.1 295 775 45 9.9 23.3 78 115 19
9 6 Jul 27.4 80 2 3.9 28.4 78 33 8.5 24.4 77.8 9.2 13
10 7 dul 30.3 77.9 18 53 28.8 76.8 17 2.7 25.8 76.2 9.6 15
11 29 Jul 229 88.4 25 6.4 23.1 88.3 0.4 0.6 20.9 86.8 13.6 25
12 30 Jul 225 87.5 2.1 37 22 81 2.1 3 21 86.2 16 31
13 31 Jul 23.2 85.9 1.9 3.7 215 79.6 1.92 3 20.5 85.6 13.3 31
14 1 Aug 21.7 83.7 1.19 3 205 81.2 1.8 35 22.8 79 5 8
15 2 Aug 225 78 13 53 22 79 16 24 22 77 18 3
16 3 Aug 23.2 77.6 0.9 3.0 21.1 79.5 16 2.2 22.5 73 31 7
17 12 Sep 225 86.5 35 11.4 225 86 0.6 1 18.8 84.4 10.2 30
18 13 Sep 22 84.2 2.8 7.5 22 82 1.7 2.8 20 83 11.9 27
19 14 Sep 22 82 15 38 22.5 83 45 8.3 20.8 81 11 27
20 15 Sep 22 85 2.2 6.3 235 82 3.7 6.5 22.3 78.4 10.7 19
21 16 Sep 26.5 82 1.2 4 - - - - 23.8 78 10.6 20
22 17 Sep 27.5 78.5 3.2 6.1 - - - - 29.4 77.6 13.3 27
23 18 Sep 25.9 76.7 2.2 8.0 - - - - 29.8 78.5 9 13
24 17 Sep 24 82.8 1.6 3 - - - - 19.7 84 17 5
25 18 Sep - - - - - - - - 20.8 87.1 9.7 15
26 19 Sep 24 86 11 3.6 - - - - 19 84.8 12.6 35
27 20 Sep - - - - - - - - 17 82 19 49
28 21 Sep - - - - 16.5 80.5 14 2 18.3 78 7.9 19
29 22 Sep 211 84.4 12 6.6 21.8 86.4 25 6.4 20.2 75.3 6 17
30 23 Sep 235 78 0.8 19 23 78 15 2.7 20.2 74.2 15 5
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Fig. 2. ECMWF-predicted winds at 850 hPa (1200 UTC of previous day) along with realized rainfall
associated with the cyclonic storm during 17-22 September, 2005
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TABLE3

Correlations between different predictors and the actual location of the system and realized rainfall

S. No. Correlation coefficient Regression equation
Predictor (X) Predictand (Y) Latitude  Longitude Latitude Longitude

1. ECMWF-predicted 72 hr MSL ~ Actual Position of the centre of the 0.87 0.83 Y=090X+2.76 Y=1.03X+284
position of centre of the system  system

2. ECMWF-predicted 72 hr MSL ~ Actual central location of the realized 0.77 0.84 Y=0.69X+6.40 Y=1.05X-0.01
position of centre of the system  rainfall zone associated with the system

3. ECMWEF-predicted 72 hr position Do 0.76 0.61 Y=0.72X+0.62 Y =0.60X + 31.57
of the centre of cyclonic
circulation at 850 hPa

4. MM5-predicted 72 hr position of Do 0.68 0.47 Y=0.61X+7.61 Y=0.36X+50.90
the centre of cyclonic circulation at
850 hPa

5. MM5-predicted 72 hr position of Do 0.62 0.77 Y=091X+0.95 Y=0.91X +4.85
the centre of rainfall zone
associated with the system

6. T-80-predicted 72 hr position of Do 0.60 044 Y=041X+12.46 Y =0.59X +32.22
the centre of rainfall zone
associated with the system

7. MM5-predicted average rainfall Actual average rainfall associated with 0.27

associated with the system the system

the positions differed significantly. On 22" again the
predicted and actual positions were very close to each
other. It may be mentioned here that Fig. 2 depicts only
predicted and actual tracks of the system from 17-22
September and not the intensity and therefore, continuous
and broken lines do not indicate the intensity. On 22"
September the system had weakened into a well marked
low pressure area.

The 72 hr predicted positions were used in the
identification of districts that were likely to be affected by
the heavy rainfall associated with the monsoon cyclone. It
is seen from Table 3 that the correlation between the
ECMWHF-predicted 72 hr MSL position and actual
position  of the system is very high. The latitude
correlation is 0.87 and longitude correlation is 0.83 (both
significant at the 99% level).Therefore, the trials during
2005 monsoon have shown that the positions predicted by
the ECMWEF 3 days in advance is a potential input to the
value addition during the periods of monsoon
depressions/storms.

3.2. Correlations between predicted positions and
the location of realized rainfall

The correlations between the 72 hr predicted
positions (MSL and 850 hPa) and the location of realized
rainfall have been presented in Table 3. Significant
correlations were found between the ECMWF-predicted
MSL position and the central location of the realized
rainfall. The latitude correlation was 0.77 and the
longitude correlation was 0.84, both being significant at
the 99% level. Even the 72 hr ECMWHF-predicted
positions at 850 hPa could provide good indications of the
districts which were severely affected by the system. The
latitude correlation between ECMWHF-predicted 72 hr
850 hPa position and the central location of realized
rainfall was 0.76 and the corresponding longitude
correlation was 0.61. The correlation between MM5
predicted position at 850 hPa and the location of the
realized rainfall have also been presented in Table 3. The
latitude and longitude correlations are 0.68 and 0.47,
respectively which are lower than respective correlations
of ECMWEF outputs. The model output statistics presented
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here has shown that by the judicious use of ECMWF-
predicted positions of the monsoon systems at MSL and
850 hPa it is not difficult to identify the districts that are
likely to be severely affected by the systems 3 days in
advance (Table 3 and Fig. 2).

3.3. Correlations between 72 hr predicted and
actual locations of the rainfall zone

Table 2 presented the predicted and realized rainfall
parameters associated with monsoon depressions and
storms during 2005. As ECMWEF-predicted rainfall was
not available the correlation of MM5 and T-80 predicted
locations of rainfall with actual location were computed
which are presented in Table 3. The correlation of MM5
output is better. The latitude and longitude correlations are
0.62 and 0.77 respectively. The corresponding correlations
of T-80 outputs are 0.60 and 0.44 showing that T-80 could
not predict the westward movement of the rainfall zone
well. It is evident from Table 3 that the best model output
for the identification of districts severely affected by the
monsoon depressions/storms was ECMWF-predicted 72
hr MSL position of the centre of the system. The
ECMWF-predicted position at 850 hPa faired not so well
in anticipating the westward movement of the realized
rainfall zone associated with the system as the longitude
correlation between predicted 850 hPa position and the
location of realized rainfall zone was only 0.61 against the
corresponding correlation of MSL position of 0.84.

3.4. Correlation between 72 hr predicted rainfall
and actual rainfall amounts

As mentioned earlier the identification of districts
that were likely to be affected by the heavy rainfall
associated with monsoon depressions and storms is not
difficult provided that different model outputs are utilized
properly. The most challenging task, however, is the
prediction of maximum and average rainfall associated
with these monsoon systems. The trials using the available
rainfall predictions of different models showed that none
of the models could predict the rainfall amounts
accurately. As ECMWF-predicted rainfall was not
available, the rainfall amounts predicted by MM5 and
T-80 were used in the computation of correlations with
actual rainfall amounts. It is seen from Table 3 that
correlation between MMb5-predicted (72 hr) average
rainfall and the actual average rainfall associated with
monsoon systems was only 0.27. The correlation of T-80
predicted rainfall amount with actual amount was
insignificant. Similarly, the correlations between predicted
maximum rainfall and actual maximum rainfall associated
with monsoon systems were also very poor. Therefore, as
far as forecast of rainfall amount associated with monsoon

depressions and storms was concerned, none of the
models could provide good predictions which shows that
the value addition using other inputs like climatology,
satellite information synoptic charts etc is very important
in the forecast of actual rainfall amounts associated with
monsoon systems.

4.  Conclusions

(i) The ECMWHF-predicted 72 hr MSL position of the
centre of Monsoon Depression/Storm was found to be
significantly correlated with the central location of the
realized rainfall zone associated with the system. Even
850 hPa positions predicted by the ECMWEF 3 days in
advance could be used in value addition for the
identification of districts that were likely to be affected by
the heavy rainfall associated with monsoon system.

(ii) The correlation between the ECMWHF-predicted
MSL position of the centre and the actual MSL position of
the centre was highly significant.

(iii) None of the model outputs like predicted maximum
winds in the lower troposphere (at 850 hPa) or predicted
rainfall amount (MM5 and T-80) could yield good
correlations with the actual rainfall amounts associated
with monsoon systems which shows that the value
addition using other inputs like climatology, satellite and
synoptic information is very important in the forecasting
of rainfall amounts associated with monsoon depressions
and storms.

(iv) The most difficult task is the forecasting of
maximum rainfall associated with monsoon depressions
and storms as none of the model outputs could provide
good correlations with realized maximum rainfall. The
forecasting of average rainfall associated with these
monsoon systems in affected area is less challenging.
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