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5.  Bulletins issued by IMD 
5.1  Bulletins issued by Cyclone Warning Division, New Delhi 

IMD continuously monitored, predicted and issued bulletins containing track & 
intensity forecast. The above structured track and intensity forecasts were issued from 
the stage of deep depression onwards.  The cone of uncertainty in the track forecast 
was also given for all cyclones. The radius of maximum wind and radius of≥28 knots 
and ≥34 knots wind in four quadrants was also issued for every six hours. The 
graphical display of the observed and forecast track with cone of uncertainty and the 
wind forecast for different quadrants were uploaded in the RSMC, New Delhi website 
(http://rsmcnewdelhi.imd.gov.in/) regularly. The prognostics and diagnostics of the 
systems were described in the RSMC bulletins and tropical cyclone advisory bulletins. 
The TCAC bulletin was also sent to Asian Disaster Risk Reduction (ADRR) centre of 
WMO at Honkong. Tropical cyclone vitals were prepared every six hourly from deep 
depression stage onwards and provided to various NWP modeling groups in India for 
bogusing purpose. Bulletins issued by Cyclone Warning services of IMD in association 
with the system are given in Table 2 (a-c) 

Table-2a: Bulletins issued by Cyclone Warning Division, New Delhi  

Bulletins issued by Cyclone Warning Division, New Delhi in association with Deep 
Depression Over Arabian Sea (9th to 11th October, 2015 
S.No. Bulletin No. of 

Bulletins 
Issued to  

1 National 
Bulletin 

17 1. RSMC website 
2. FAX and email to Control Room NDM, 
Cabinet Secretariat, Minister of Sc. & Tech, 
Secretary MoES, DST, HQ Integrated Defence 
Staff, DG Doordarshan, All India Radio, DG-
NDRF, Dir. Indian Railways, Indian Navy, IAF, 
Chief Secretary- Kerala, Karnataka, Goa, 
Maharashtra, Gujarat, Daman & Diu and Dadra 
Nagar Haveli. 
3. Email’s to Modelling Groups- IIT-Delhi & 
Bhubaneswar,  NCMRWF and INCOIS. 

2 RSMC Bulletin 11 1. RSMC website 
2.  All WMO/ESCAP Panel member countries 

through    GTS and E-mail. 
3.  Indian Navy, IAF coast guard by e-mail  

3 Tropical 
Cyclone 
Advisory 
Centre Bulletin 
(Text & 
Graphics) 

4 1. Met Watch offices in Asia Pacific regions 
through GTS  to issue Significant 
Meteorological information (SIGMET) for 
International Civil Aviation as per ICAO 
guidelines 

2. WMO’s Aviation Disaster Risk Reduction 
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Centre  (ADRR), Honkong through ftp 
3. RSMC website (both TCAC text & graphic 

bulletins) 
4 TC vitals 4 Modelling group-NCMRWF, IIT, INCOIS, IMD 

NWP through ftp and email for creation of 
synthetic vortex in NWP Models 

5 Quadrant 
Wind radii 

4 Modelling group- NCMRWF, IIT, INCOIS, IMD 
NWP through email 

6 SMS  
 

5 times 
(No. -250) 

 
 
 

5 times 
(No. -6334)

 

1. Disaster management officers at central & 
State Level (Kerala, Karnataka,Maharastra, 
Goa, Gujarat, Daman & Diu, Dadra Nagar 
Haveli) 

2. General public of Kerala, Karnataka, Goa . 
Maharashtra, Gujarat, Daman & Diu, Dadra 
Nagar Haveli. 

 

Table-2b: Bulletins issued by RWFC, Mumbai and ACWC Chennai. 

S. 
No 

Type of Bulletin  No. of Bulletins issued  
ACWC 
Mumbai 

ACWC 
Chennai 

CWC 
Ahmedabad 

MC Goa 

1 Sea Area Bulletins 10 3 - - 

2 Coastal Weather Bulletins 10 - 14 - 

3 Fishermen warning issued 12 15 6 4 

4 Port Warnings 12 39 4 4 

5 Heavy Rainfall Warning 06 - - 2 

6 Information & Warnings 
issued to State Government 
and other Agencies 

02 - 12 15 

7 SMS 103 - - 86 

 

 

6.   Performance of operational NWP models 

6.1. Prediction of cyclogenesis (Genesis Potential Parameter (GPP))  
a. Grid point analysis and forecast of GPP  

Grid point analysis and forecast of GPP is used to identify potential zone of 

cyclogenesis (T3.0). Figure 5(a-d) shows the predicted zone of cyclogenesis. Grid point 

analysis and forecasts of GPP shows that it over-predicted the genesis, as maximum 

intensity was deep depression.  
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Figure 5(a-d): Predicted zone of cyclogenesis.  

b. Area average analysis of GPP:  

 

 

 

 

 

 

 

 

 

Fig. 6 Area average analysis and forecasts of GPP based on 0000 UTC of 

08.10.2015 

All low pressure systems do not intensify into cyclones, it is important to identify 

the potential of intensification (into cyclone) of a low pressure system at the early stages 
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of development. Conditions for: (i) Developed system: Threshold value of GPP ≥ 8.0 

and (ii) Non-developed system: Threshold value of GPP < 8.0.  It is seen that the 

analysis and forecasts of GPP (Fig.6) over-predicted the genesis (T.No. 1.0). 

 

6.2.1. Track prediction by numerical weather prediction (NWP) and Intensity 

forecast by statistical cyclone intensity prediction (SCIP) model:  

The track prediction by multi-model ensemble (MME) and Intensity forecast by SCIP 

model based on 00 UTC of 9th to 11th is presented in fig.7. Track prediction by various 

models is presented in fig. 8 a-c. Track prediction by HWRF model based on 00 & 12 

UTC of 9th to 11th October 2015 are presented in fig 9. 
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Fig. 7: Track prediction by MME and intensity forecast by SCIP model 
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Fig.8(a). Track prediction by NWP models based on 0000 UTC of 09.10.2015 
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Fig.8(b). Track prediction by NWP models based on 0000 UTC of 10.10.2015 
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Fig. 8(c): Track prediction by NWP models based on 0000 UTC of 11.10.2015 
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Fig.9. Track and intensity prediction by HWRF model based on 00 & 12 UTC of 9th 
to 11th October 2015 

 
6.3   Accuracy of track forecasts by various NWP models 

Track forecast errors from IMD-GFS, IMD-WRF, JMA, UKMO, ECMWF, IMD-
MME, IMD-HWRF, NCMRWF-GFS, GEFS & Unified Model (NCUM) are presented in 
table 3. It is seen that track forecast errors for IMD-GFS and NCEP GFS were large as 
compared to other models for various lead periods. Track forecast errors by JMA were 
the least. The ECMWF, HWRF and IMD-MME also showed better forecast for various 
lead periods. 
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Table-3: Average track forecast errors (Direct Position Error) in km 
 

Lead time → 12 hr 24 hr 36 hr 48 hr 60 hr 72 hr 

IMD-GFS 106(3) 109(3) 187(2) 186(2) 225(1) 236(1) 

IMD-WRF 63(3) 156(3) 214(2) 237(2) 256(1) 294(1) 

JMA 33(3) 42(3) 76(2) 95(2) 44(1) 146(1) 

NCEP 115(3) 125(9) 133(2) 173(2) 193(1) 107(1) 

UKMO 72(3) 144(3) 137(2) 145(2) 125(1) 129(1) 

ECMWF 49(3) 89(3) 113(2) 133(2) 116(1) 126(1) 

IMD-MME 59(3) 91(3) 110(2) 119(2) 130(1) 86(1) 

IMD-HWRF 73(8) 77(6) 99(5) 123(2) 124(1) - 

NCMRWF-NGFS - 113(3) - 160(2) - 108(1) 
NCMRWF-NCUM - 138(3) - 146(2) - 183(1) 
NCMRWF-NGEFS - 150(3) - 74(2) - 155(1) 

 

Table-4 Intensity forecast error of SCIP and HWRF models. 
 

Lead time → 12 hr 24 hr 36 hr 48 hr 60 hr 72 hr 

IMD-SCIP (AAE) 2.3(3) 5.1(3) 4.5(2) 4.5(2) 3.0(1) 1.0(1) 

IMD-SCIP (RMSE) 3.5(3) 5.6(3) 4.7(2) 5.1(2) 3.0(1) 1.0(1) 

IMD-HWRF (AAE) 5(8) 2(6) 2(5) 8(2) 9(1)  
 

The intensity forecast errors from SCIP model varied between 4.5 to 5.0 kts for 
24 to 48 hours lead period. HWRF error based on absolute error varied from 2 to 9 
knots for various lead period. The analysis of SCIP model forecast indicates that, it 
could not predict the intensification of the system to deep depression stage. The HWRF 
though predicted intensification, the predicted intensity fluctuated showing intensification 
and weakening without any consistent trend.  
 

7.   Operational Forecast Performance 

Following are the salient features of the bulletins issued by IMD. 
(i) 6th October: Forecast of cyclogenesis over Arabian Sea on 9th October.  
(ii) 7th October: Forecast of cyclogenesis over Arabian Sea on 9th October. 
(iii) 8th October:  Forecast of cyclogenesis over Arabian Sea on 9th October with HIGH 

confidence. 
(iv) 9th October (morning): Depression formed at 0830 hrs IST of 9th over eastcentral 

AS. Forecast of intensification into DD during next 24 hours.  
(v) 10th October (morning): DD formed over eastcentral AS at 2330 hrs IST of 9th. 

Forecast of its intensification to marginal cyclonic storm during next 24 hours was 
issued at 1130 hours IST of 10th. It would move northwestwards and weaken 
gradually from 12th.  

(vi) 11th October (morning): DD would weaken due to dry air intrusion from northwest 
and slow movement of the system. It would move north-westnorthwards during 
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next 24 hours and west-northwestwards thereafter. The system weakened into a 
depression at 0830 hours IST of 11th.  

(vii) 12th October (morning): The system would move west-northwestwards and 
weaken into a well marked low during next 12 hours. The system weakened into a 
well marked low at 0830 hours IST of 12th.  
 

7.1. Operational track forecast error and skill 
The operational average track forecast errors and skills (compared to CLIPER 

forecasts) are shown in Table 6. The track forecast errors for 12, 24 and 36 hours lead 
period have been 46.1, 115 and 172 km respectively. The skill in track forecast error 
varied between 33 to 49% for various lead periods. Forecast has been verified upto 36 
hours lead period due to short life of the system. 
 

Table-6: Track Forecast Error (km) and skill for DD (09-12 October 2015) 
 

Lead Period 
(hrs)  

N Track forecast  

Official Error (km) Cliper Error (km) Skill (%) 

12 6 46.1 89.8 48.7 

24 4 115 0 173.3 33.6 

36 2 172.0 291.0 40.9 
 
N: Number of six hourly forecasts verified. 
 

7.2.  Operational Intensity forecast error and skill 
  The operational intensity forecast errors and skill compared to persistence 
forecast in terms of absolute error (AE) and root mean square error (RMSE) are 
presented in Table 7. 

 
 Table-7: Intensity forecast errors (kts) and skill (%) for DD (09-12 October 2015) 

 
 
 
 
 
 
 

The intensity forecast error based on AE from 12 to 36 hours lead period varied 
from 05 to 18 kts. The intensity forecast error has been slightly higher for 24 and 36 
hours lead period mainly because it was a weak system and it rapidly dissipated over 
the sea. Further, the maximum intensity of the system was predicted as a marginal 
cyclonic storm (40 knots), though it intensified upto DD (30 knots) only. 
 
 

8. Summary and conclusion 
The deep depression over the Arabian Sea exhibited weakening due to dry air 

intrusion from the northwest. Though its genesis, intensification/weakening and track 
could be predicted well, there is still scope to improve the forecast of 
intensification/weakening of the system over Arabian Sea.  

 

Lead period 
(hrs) 

Operational intensity error (kts) 
AE RMSE 

12 4.8 6.3 
24 12.7 13.6 
36 18.0 18.2 
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