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lkj & Hkkjr ekSle foKku foHkkx ¼vkbZ- ,e- Mh-½ ,d izknsf’kd fof’k"V izdkj ds ekSle dsUnz gksus ds 
dkj.k pØokrh; fo{kksHkksa ¼lh-Mh-,l½ dk ekWuhVju ,oa iwokZuqeku nsus ds fy, ftEesokj  gS blds varZxr 
pØokrh; fo{kksHksa ls lacaf/kr lHkh izdkj ds vk¡dM+s ftlesa vonkc  ,oa m".kdfVca/kh; pØokr ¼Vh- lh-½ 'kkfey 
gS] dk laxzg] lalk/ku ,oa HkaMkj.k fd;k tkrk gS vkSj mRrjh fgUn egklkxj ¼,u- vkbZ- vks-½ esa cuus okys 
pØokrksa ds ekxZ dks lgh&lgh fu/kkZfjr djus esa budk mi;ksx fd;k tkrk gSA _rq ds i'pkr~ pØokrh; 
fo{kksHkksa ds fo’ys"k.k ds }kjk fdlh pØokrh; fo{kksHk dh fLFkfr ,oa mldh rhozrk dk fu/kkZj.k pØokr dh 
vof/k ds nkSjku dh vU; fo’ks"krkvksa ds lkFk&lkFk fd;k tkrk gS ftls ge csLV VSªfdax ds uke ls tkurs gSaA 
csLV VSªfdax izfØ;k mRrjh fgUn egklkxj lfgr fo’o esa  vyx&vyx izdkj dh gS vkSj ;g ekWuhVju ,oa 
fo’ys"k.k ds lk/ku rFkk izfØ;k esa fHkUurk ds dkj.k gksrh gSA ;|fi pØokrh; fo{kksHkksa ds LFkku ,oa rhozrk dk 
ekWuhVju djus ds fy, Hkw&LFkSfrd mixzg gh eq[; midj.k ekuk tk jgk gSA mRrjh fgUn egklkxj esa 
pØokrh; fo{kksHkksa ds csLV VSªd ds LFkku ,oa rhozrk ds fu/kkZj.k ds fy, mixzg dh Hkwfedk vkSj mldh lhek 
dk vkdyu djus ds fy, dqN iz;kl fd, x, gSA vr% izknsf’kd fof’k"V izdkj ds ekSle dsUnz ¼vkj- ,l- ,e- 
lh-½ ubZ fnYyh ds csLV VSªd izkpyksa ds vk/kkj ij pØokrh; fo{kksHkksa ds LFkku ,oa rhozrk dh rqyuk bulSV 
vkSj dYiuk mixzgksa ds vk/kkj ij vkbZ- ,e- Mh- ds mixzg izHkkx }kjk vkdfyr ifj.kkeksa ls djus ds fy, ,d 
v/;;u fd;k x;k gSA 
 

mRrjh fgUn egklkxj] caxky dh [kkM+h rFkk vjc lkxj esa vk, pØokrh; fo{kksHkksa ds LFkkuksa ds fu/kkZj.k 
esa vkSlr varj Øe’k% 39 fd- eh-] 40 fd- eh- ,oa 37 fd- eh- ik, x, gSA dqy ?kVukvksa esa ls yxHkx 65 
izfr’kr ds LFku fu/kkZj.k esa 50 fd- eh- ;k de dk varj ik;k x;k vkSj mRrjh fgUn egklkxj esa laiw.kZ 
?kVukvksa esa ls 6 izfr’kr esa 100 fd- eh- dk vFkok blls vf/kd dk varj ik;k x;kA caxky dh [kkM+h esa ;g 
varj 62 izfr’kr rFkk 6 izfr’kr dk Fkk vksj vjc lkxj esa yxHkx 70 izfr’kr ,oa 5 izfr’kr dk ik;k x;kA 
LFkku fu/kkZj.k esa varj Vh uacj esa o`f) ds lkFk /khjs&/khjs de gksrk tkrk gSA tc caxky dh [kkM+h] vjc lkxj 
vkSj mRrjh fgUn egklkxj esa flLVe dh rhozrk Vh-&4-0 ;k vf/kd ¼vfrizpaM pØokrh; rwQku vkSj mPp 
rhozrk½ gks rks ;g varj yxHkx 30 fd-eh- dk gksrk gSA pØokrh; fo{kksaHkksa ds LFkku esa varj ds LFkkfud 
forj.k dks ns[krs gq, ;g dgk tk ldrk gS fd ;g varj leqnz rV ds fudV vf/kd jgrk gS vksj tSls& tSls  
ge rV ls nwj tkrs gS ;g de gksrk tkrk gSA yxHkx 85-5 izfr’kr ?kVukvksa esa csLV VSªd dh rhozrk mixzg ds 
}kjk vkdyu ls esy [kkrh gSA tcfd mixzg vk/kkfjr rhozrk 9-5 izfr’kr ?kVukvksa esa de vkdfyr gqbZ gS 
¼mixzg izHkkx }kjk vkdfyr Vh- uacj csLV VSªd Vh- uacj ls de gS½] mRrjh fgUn egklkx esa yxHkx 5 
izfr’kr ?kVukvksa esa ;g vf/kd ¼mixzg izHkkx }kjk vkdfyr Vh- uacj csLV VSªd Vh- uacj ls vf/kd½ vkdfyr 
gqbZ gSSA LFkkfud forj.k dh n`f"V ls ge ns[krs gS rks ikrs gS fd ;g varj vDlj rc gksrk gS tc  pØokrh; 
fo{kksHk leqnz rV ds fudV gksrk gS vFkok mRrjh fgUn egklkxj ds }hiksa ds LFkku esa blh izdkj dk varj 
gksrk gSA 

 
ABSTRACT. India Meteorological Department (IMD), as a Regional Specialized  Meteorological Centre (RSMC) 

has the responsibility of monitoring and prediction of cyclonic disturbances (CDs) including depressions and tropical 
cyclone (TC); collection, processing and archival of all data pertaining to CDs and preparation of best track data over the 
north Indian Ocean (NIO). The process of post-season analysis of CDs to determine the best estimate of a CD’s position 
and intensity along with other characteristics during its lifetime is described as “best tracking”. The best tracking 
procedure has undergone several changes world-over including NIO due to change in monitoring and analysis tools & 
procedure. However, the geostationary satellite remains the main tool for monitoring of location and intensity of CDs. 
There have been a few attempts to document the role and extent of satellite estimates in determining the best track 
location and intensity of CDs over the NIO. Hence, a study has been undertaken to compare the location and intensity of 
CDs based on best track parameters prepared by RSMC, New Delhi with those estimated by satellite division of IMD 
based on INSAT and Kalpana satellites.  
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The average difference in location of CDs over the NIO, BOB and AS is about 39, 40 and 37 km respectively. The 
difference in location is 50 km or less in about 65% of the total cases and about 6% of the cases have a difference of 100 
km or more over the NIO as a whole. It is about 62% and 6% over the BOB and about 70% and 5% over the AS 
respectively. Difference in location gradually decreases with increase in T number. It is about 30 km when the intensity 
of the system is T4.0 or more (very severe cyclonic storms and above intensity) over the BOB, AS and NIO. Considering 
the spatial distribution of difference in location of CDs, it is higher near the coast and decreases as we move away from 
the coast. The intensity in the best track agrees with the satellite estimates in about 85.5% of the cases. While the satellite 
based intensity is underestimated (Satellite division estimated T number is less than best track T number) in 9.5% cases, 
it is overestimated (Satellite division estimated T number is greater than best track derived T number) in about 5% cases 
over the NIO. Considering the spatial distribution, the difference occurs mostly when the CD lies near the coast or the 
islands in the NIO like the difference in location. 

 
Key words ‒ Tropical cyclone, North Indian Ocean, Best track, Intensity, Satellite 
 

 
1.  Introduction 
 
 Various agencies involved in monitoring and 
prediction of tropical cyclones (TCs) over different Ocean 
basins perform a post-season analysis of TCs to determine 
the best estimate of a TC’s position and intensity during 
its lifetime. This process is described as “best tracking”. 
However, the best tracking process is temporally 
inhomogeneous by construction because available data 
and techniques and general knowledge have changed over 
time. Furthermore, procedures and data availability differ 
at each agency. Thus, the resulting best track and 
intensities from the Regional Specialised Meteorological 
Centres (RSMCs) and Tropical Cyclone Warning Centres 
(TCWCs) have temporal (due to technological advances) 
and spatial (due to varying practices between agencies) 
heterogeneities. In light of these differences, it is 
important to understand and document the factors leading 
to temporal and spatial variations of best track information 
of TCs like location and intensities, particularly if 
temporal or spatial trends are to be discerned in the data 
for the study of climate change and related issues.  
 
 Operational procedures to produce TC best track 
data depend on the way the data are constructed and 
reported. These procedures vary by forecast centers. 
Currently, the location of the centre of the system over the 
north Indian Ocean (NIO) is determined based on (a) 
Synoptic position, (b) Satellite position and (c) radar 
position. The satellite is the main source of locating centre 
of cyclonic disturbances (CDs) over the mid-oceanic 
region as the observational data from ships and buoys are 
very meagre. It is the case when the CD is far away from 
the coast and not within the radar range. Of course the 
satellite based location of CD is modified sometimes with 
availability of ship and buoy observations.  When the 
system comes closer to the coast, radar position gets 
maximum preference followed by the satellite position. 
When the system is very close to coast or over the land 
surface, the coastal observations get the highest preference 
followed by radar and satellite observations. Synoptically, 
the location of the centre is determined from the location 
of the lowest pressure at the mean sea level and the centre 

of the available 10 metre wind circulation over the CD 
region at the surface level (IMD, 2003).  
 
 Intensity of a CD is generally reported as the 
maximum sustained surface wind (MSW) over a specified 
time period. Operationally, the value of MSW is almost 
never measured. The procedure followed in IMD for 
estimating the intensity of a CD over the north Indian 
Ocean is discussed in the cyclone manual (IMD, 2003). It 
necessarily deals with estimation of associated MSW, 
estimated central pressure and pressure drop at the centre 
with the available observations in the CD region. 
Currently, the intensity estimation takes into consideration 
(a) satellite (INSAT/METSAT, NOAA, TRMM, SSMIS, 
scatterometer wind etc), (b) Radar (conventional S-band 
cyclone detection radar and S-band Doppler weather 
radar) and (c) synoptic analyses. Like the location of the 
system, when the system is far away from the coast and 
not within the radar range, satellite estimated intensity 
based on Dvorak’s technique (Dvorak, 1984) gets 
maximum weight.  When the system comes closer to the 
coast, radar estimated intensity is considered along with 
satellite estimated intensity. When the system is very close 
to coast or over the land surface, the coastal observations 
get the highest preference followed by radar and satellite 
observations for estimating the intensity.   
 
 As a result, the best track estimations by the RSMCs 
differ from the satellite estimations during the life time of 
a CD which includes depression and TCs. This difference 
is expected to be minimum in the mid-oceanic region and 
maximum near the coast. Given the need to understand the 
location and intensity of TCs and associated in 
uncertainties in the best track parameters, it is necessary to 
determine the differences between the satellite estimates 
and the best tracks. The quality of best tracks and the role 
of satellite inputs in the best tracks parameters over the 
NIO have been reviewed by various authors for different 
Ocean basins Knapp et al. (2010). Similar review has been 
made by Mohapatra et al. (2012) for the north Indian 
Ocean. However, studies are limited in quantifying the 
contribution of satellite estimates in the best track 
estimates  of CDs. Hence a study has been taken up in this  
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TABLE 1 
 

 Classification of CDs over the NIO  
 

Low pressure system T Number Maximum sustained surface winds in knots (mps) 

Low pressure area 1.0 < 17 (09) 

Depression  1.5 17 – 27 (09-14) 

Deep Depression 2.0 28 – 33 (15-17) 

Cyclonic storm 2.5-3.0 34 – 47 (18-24) 

Severe Cyclonic storm 3.5 48 – 63 (25-32) 

Very Severe Cyclonic storm 4.0-6.0 64 – 119 (33-61) 

Super Cyclonic storm 6.5 and above 120 (62) & above 

 
 
 

TABLE 2 
 

Resolution of satellites used for TC monitoring 
 

Resolution Satellites Met       
Payload 

Channels Spectral Range 
 (µm) Spatial (km) Temporal (hrs) 

VIS 0.55-0.75 2 1 

WV 5.7-7.1 8 1 

KALPANA-
1(Sep’02) 

 

VHRR 

 

IR 10.5-12.5 8 1 

VIS 0.55-0.75 2 3 

WV 5.7-7.1 8 3 

VHRR 

 

IR 10.5-12.5 8 3 

VIS 0.62-0.68 1 3 

NIR 0.77-0.86 1 3 

INSAT-3A 
(Apr’03) 

 

CCD 

 

SWIR 1.55-1.69 1 3 

  
 
 
 

TABLE 3 
 

Number of cases during 2006-2010 considered in the study with respect to T Numbers  
mentioned in best track parameters of RSMC, New Delhi 

 

T No. Arabian Sea Bay of Bengal North Indian Ocean 

1.5 45 94 139 

2 78 92 170 

2.5 23 54 77 

3 25 39 64 

3.5 15 32 47 

4 13 29 42 

4.5 15 4 19 

5 2 18 20 

5.5 3 10 13 

6 5 5 10 

6.5 2 0 2 

Total 226 377 603 
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Fig. 1. Tracks of CDs during 2006-2010 considered in the study 

 
 
regard based on data of five years (2006-10). The outcome 
of this study will be helpful to forecasters and decision 
makers in arriving at a decision to determine the location 
and intensity of the TC over the north Indian Ocean basin. 
 
2. Data and Methodology 

 
 The best track parameters of the CDs over the NIO 
during 2006-2010 have been collected from the RSMC, 
New Delhi for every 03/06 hrs during the life periods of 
the CDs. The classification of CDs as adopted by RSMC, 
New Delhi has been used in this study. The detailed 
classification of CDs into depression, deep depression, 
cyclonic storm, severe cyclonic storm, very severe 
cyclonic storm and super cyclonic storm and associated 
Dvorak’s T number and MSW are given in Table 1. 
Accordingly the INSAT 3A/ Kalpana-1 satellite based 
estimates of track and intensity of the CDs have been 
collected from the Satellite Meteorology Division of IMD, 
New Delhi. The characteristics of these satellites in terms 
of its spatial and temporal resolution and the products 
available for estimating location and intensity of the CDs 
are shown in Table 2. The tracks of the CDs over the NIO 
considered in the study are shown in Fig.1. There are 48 
CDs considered in the study. The number of track 
locations considered in the study is 226, 377 and 603 
respectively over the Bay of Bengal (BOB), Arabian Sea 

(AS) and the NIO as a whole (Table 3). It consists of 139 
such cases in the stage of depression (T1.5), 170 cases in 
the stage of deep depression (T2.0), 141 cases in the stage 
of cyclonic storm (T2.5-3.0), 47 cases in the stage of 
severe cyclonic storm (T3.5) and 106 cases in the stage of 
very severe cyclonic storm and above intensity (T4.0 and 
above). Table 3 shows that the statistics presented in this 
study is dominated by the number of low intensity cases. 
There has been no case with T 6.5 over the BOB for the 
period of study. 
  
 The difference in location estimated in best track and 
the satellite estimates are calculated and analysed for all 
the CDs throughout their life periods. The difference in 
location is the measure of the great circle distance 
between the location of CD according to best track and 
satellite estimates. Further the difference in location has 
been calculated for different intensities of the system 
according to Dvorak’s T-intensity scale (Dvorak, 1984) to 
find out the variation in difference in location with respect 
to intensity of CDs. The standard deviation (SD) in 
difference in location has also been calculated for 
different intensities of CDs as mentioned above. All these 
average difference in location of CDs based on best track 
and satellite estimates have been calculated for the CDs 
over the Bay of Bengal (BOB), Arabian Sea (AS) and 
north Indian Ocean (NIO) as a whole. 
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TABLE 4  
 

Frequency (percentage frequency) distribution of difference in location of CDs according to  
best track and satellite estimation of IMD 

 

Location difference (km) Arabian Sea Bay of Bengal North Indian Ocean 

0 50(22.1) 67(17.8) 117(19.4) 

1-25 61(27) 92(24.4) 153(25.4) 

26-50 48(21.2) 75(19.8) 123(20.4) 

51-75 34(15) 89(23.6) 123(20.4) 

76-100 22(9.7) 30(8) 52(8.6) 

>100 11(4.9) 24(6.4) 35(5.8) 

Total 226(100) 377(100) 603(100) 

 
 
 
 To find out the spatial variation in the average 
difference in locations based on best track and satellite 
estimates, the average difference has also been calculated 
for all the 2.5° × 2.5° blocks over the NIO. The results of 
this analysis will be helpful to find out the impact of the 
coastal observations, buoys/ships and radar on the best 
track locations and its variation from the satellite 
estimates. 
 
 To analyse the difference in intensity, the intensity 
based on Dvorak’s T classification as mentioned in the 
best track and in the satellite estimates of IMD are 
considered. Difference between these two intensities has 
been calculated and analysed for CDs in the BOB, AS and 
NIO as a whole. Further the difference in intensities has 
been calculated and analysed with respect to the location 
and category of CDs. For this purpose the intensity based 
on best track has been taken as the reference. 
 
 The salient features of the results obtained are 
discussed in section 3, major implications of the study in 
section 4 and the broad conclusions are presented in 
section 5.    
 
3.  Results and discussion 
 
         The difference in location of CDs based on best 
track and satellite estimates are presented and discussed in 
section 3.1. The difference in intensities of CDs based on 
best track and satellite estimates are presented and 
discussed in section 3.2.  
 
 3.1. Difference in location of CDs 
 
 The frequency (percentage frequency) distribution of 
difference in location of CDs according to best track and 
satellite estimation of IMD are presented in Table 4. The 

average difference in location of CDs over the NIO, BOB 
and AS is about 39, 40 and 37 km respectively. However, 
the standard deviation (SD) in difference is about 34, 33 
and 37 km respectively over the NIO, BOB and AS. The 
high magnitude of SD (almost equal to mean) indicates 
higher variability in difference and low reliability of the 
mean value. According to Elsberry (2003), the errors in 
determining the TC centre over the northwest Pacific 
Ocean can be upto 50 km by satellite fixes, 20-50 km by 
radar observations and by about 20 km by aircraft 
reconnaissance with reference to best track estimates. The 
induction of DWR has reduces the error in fixing the 
centre of the TCs in radar range. 
 
 It is observed that the difference in location is 50 km 
or less in about 65% of the total cases and about 6% of the 
cases have a difference of 100 km or more over the NIO 
as a whole (Table 4). It is about 62% and 6% respectively 
over the BOB and about 70% and 5% respectively over 
the AS. The lower difference over the AS may be due to 
fact that (i) AS is relatively more data sparse with larger 
open sea, (ii) less coastal observations available from the 
Arabia-Africa coast and (iii) most of the CDs either move 
to Arabia Africa coast or dissipate over the Sea (Tyagi et 
al., 2010). The fact of more dependence of best track data 
on satellite over the AS has also been brought out by 
Mohapatra et al. (2012). At the same time the coastal 
observations are more over the BOB region along with the 
observations from Andaman and Nicobar Islands and 
number of CDs dissipating over the sea is less. When the 
CDs come closer to the coast, the coastal observations 
help in determining the location of the CDs in addition to 
the radar observations. It results in substantial difference 
in the location estimated by best track and by the satellite 
method. To verify the above fact, the grid-wise difference 
in location has been calculated and analysed the same is 
presented in section 3.1.1. 
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Fig. 2.  Mean difference in location of CDs according to best track and satellite estimates of IMD over different          
2.5° × 2.5° latitude/longitude grids of north Indian Ocean 

 

 
 3.1.1. Spatial variation of difference in location     

of CDs 
 
 The spatial distribution of difference in location of 
CDs is presented in Fig.2. It is observed that in general the 
difference in location is higher near the coast and 
decreases as we move away from the coast. The difference 
is more significant near India, Pakistan and Sri Lanka 
coasts, as it is well distributed with dense observational 
network. It is minimum in the mid-sea region of both 
BOB and AS. Further, the difference in location is 
relatively less over other coasts, viz., Myanmar, 
Bangladesh, Oman and Yemen coasts. It may be due to 
sparse observational network along these coasts and the 
best track is more dependent on the satellite estimates.  
 
 Considering the coasts of India separately, the 
average difference in location is about 51 km for east 
coast.  However, the error is significantly higher (about 
110 km) over south Odisha, and adjoining north Andhra 
Pradesh coast (17.5° N – 20.0° N and 80.0° E to 82.5° E). 
To find out the reason, the data was examined. It was 
found that the average over this grid is based on 2 
observation of error of 165 and 55 km. In both the cases; 
the intensity of the system was 1.5. Hence it is observed 
that due to low intensity of the system the centre could not 
be properly determined by satellite method, while the 
centre remain same near 16.0° N / 84.5° E at 0300 and 
0600 UTC of 7th October 2010 in association with the 
depression. The depression moved from 16.5° N / 84.5° E 

at 0300 UTC to 17.5° N / 84.5° E at 0600 UTC as per best 
track leading to large difference at 0600 UTC (165 km) 
between best track estimates and satellite estimates. Past 
studies indicate that Dvorak’s technique (Dvorak, 1984) 
has the limitation in determining the location and intensity 
of monsoon depressions and low intensity systems. It has 
also the limitations in fast moving systems. The average 
difference for west coast has not been calculated due to 
insufficient data along the west coast. The difference is 
higher over the northern latitude covering north Andhra 
Pradesh, Odisha and West Bengal coasts.  
 
 
 3.1.2. Difference in location with respect to intensity 

of CDs 
 
 The difference in location with respect to intensity of 
CDs has been analysed for BOB, AS and NIO as a whole. 
The average differences over the BOB, AS and NIO for 
different intensities are presented in Figs. 3-5 respectively. 
In general, the difference in location gradually decreases 
with increase in T number. It is about 30 km when the 
intensity of the system is T4.0 or more (very severe 
cyclonic storms and above intensity) over the BOB, AS 
and NIO. It may be due to the fact that the very severe 
cyclonic storms are mostly associated with the eye and the 
centre of the system is better defined with the appearance 
of eye. The little difference (<30 km) between the location 
estimated by best track and the satellite estimates may be 
due  to  the  fact  that  the  location of the CDs are rounded  
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Figs. 3(a&b).   (a)  Mean and (b)  standard deviation (SD) in difference of location of CDs over the Arabian Sea (AS) based on best tracks and 
satellite estimates of IMD 
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Figs. 4(a&b).  (a)  Mean and (b)  standard deviation (SD) in difference of location of CDs over the Bay of Bengal (BOB) based on best tracks and 

satellite estimates of IMD 
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Figs.5. (a&b). (a)  Mean and (b)  standard deviation (km) in difference of location of CDs over the north Indian Ocean (NIO) based on best tracks 

and satellite estimates of IMD 

 
 
 

upto 0.5° in the best tracks unlike the satellite estimates, 
where the location is given in nearest 0.5° 
latitude/longitude in depression stage (T 1.5) and nearest 
0.1° latitude/longitude in cyclonic storm and higher stages 
of intensity (T 2.5 and above). The latitude and longitude 
of the location of centre in the best track estimates are 
rounded off to nearest 0.5° in the mid-sea region where 

the satellites are the only alternative for detecting the 
location. It is done so considering the inherent error in 
estimating by the satellite (Elsberry, 2003). 
 
 Considering the SDs (Figs. 3-5), it also decreases 
gradually with increase in T number. The SD is higher 
than   the   mean   difference   in  low intensity system like  
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   *  T number based on best track of IMD – T number based on satellite estimation of IMD = Positive 
n  T number based on best track of IMD – T number based on satellite estimation of IMD = Negative  

 
 

Fig. 6. Difference in intensity (T Number) of CDs over the north Indian Ocean based on best track and satellite estimation of IMD 

 
 
 
depressions and deep depressions (T 2.0 and less) over the 
Arabian Sea and almost equal to the difference in location 
in case of the depressions/ deep depressions over the BOB 
and NIO. It indicates that the difference is highly variable 
and the mean value has low reliability in case of 
depressions and deep depressions. 
 
 
 3.2.  Difference in intensity of CDs according to 

best track and satellite estimates 
 
 The difference in intensities of CDs according to best 
track and satellite estimates for the CDs over the NIO are 
shown in Fig.6. The frequency distribution of difference 
of intensity is shown in Table 5. From Fig.6 and Table 5, 
it is observed that the intensity in the best track agrees 
with the satellite estimates in about 85% of the cases. 
While the satellite based intensity is underestimated 
(Satellite division estimated T number is less than best 
track T number) in 10% cases, it is overestimated 
(Satellite division estimated T number is greater than best 
track T number) in about 5% cases over the NIO 
compared to intensity based on best track. Similar is the 
situation over the BOB, where it intensity is 
underestimated in satellite method in 11% cases and 
overestimated in 2% cases. However the AS shows 
opposite behavior with overestimation in 10% cases and 
underestimation in 7% cases by the satellite method 
compared to the intensity estimated in best tracks of IMD. 

 Considering the spatial distribution of the difference 
in intensity (T number), the difference occur mostly when 
the CD lies near the coast or the islands (Fig.6). However, 
there are also a few cases in the central BOB with the 
difference of T as 0.5 or more. It may be due to  the 
adjustment in T number in the best track estimates over 
the central BOB with the support of buoy and ship 
observations. Based on seven TCs, Mishra and Hem Raj 
(1975) have shown large difference between wind speed 
inferred from synoptic data and those derived from 
satellite technique. According to them, the MSW could be 
under-estimated by 8-17 knots (5-9 mps) in depression/ 
deep depression stage, 26-28 knots (13-14 mps) in 
cyclonic storm stage and 37 knots (19 mps) in severe 
cyclonic storm or higher stage. 
 
4.  Major implications 
 
 Considering the results presented in section 3, there 
is a need for (i) validation of Dvorak technique over the 
NIO, (ii) validation of pressure – wind relationship in TCs 
over the NIO (Koba et al., 1991, Knaff and Zehr, 2007), 
(iii) development/validation of wind conversion factor for 
converting 3-minute average wind to 1-minute average 
wind (used in Dvorak’s technique) and 10 minute average 
wind (as required for preparation of standardized 
international best tracks archives) and (iv) reanalysis of 
best tracks with modified pressure-wind relationship,   
wind adjustment  and  modified  Dvorak  classification  of  
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TABLE 5 
 

Frequency (percentage frequency) distribution of difference in intensity of CDs (Best track – satellite estimate) 
 

Intensity difference (T Number) Arabian Sea Bay of Bengal North Indian Ocean 

0 188(83) 328(87) 516(86) 

-0.5 22(10) 08(02) 30(05) 

0.5 13(06) 41(11) 54(09) 

1.0 03(1.3) 00(00) 03(0.5) 

Total 226(100) 377(100) 603(100) 

 

 
 
 
 
intensity, as it is carried out in north Atlantic Ocean 
(Landsea et al., 2007). Also there is need for 
augmentation of buoy network over the NIO and aircraft 
reconnaissance for in-situ observations for more accurate 
determination of location and intensity of the CDs (Martin 
et al., 1993). There is also need for the augmentation of 
Doppler weather radar and automatic weather station 
(AWS) network along the coast bordering the NIO. 
Mohapatra et al. (2011) has shown that the landfall 
location estimates in the best track has reduced from about 
55 km to 30 km in recent years due to augmented AWS 
network along east and west coasts of India. With respect 
to satellite tools, the microwave imagery products needs to 
be more explored and used by the satellite division of 
IMD for estimating location and intensity of the systems, 
as the visible and IR imageries have their own limitations 
as discussed in section 3.3. 
 
5.  Conclusions 
 
 The average difference in location of CDs over the 
NIO, BOB and AS is about 39, 40 and 37 km respectively. 
The difference in location is 50 km or less in about 65% 
of the total cases and about 6% of the cases have a 
difference of 100 km or more over the NIO as a whole. It 
is about 62% and 6% over the BOB and about 70% and 
5% over the AS respectively. 
 
 Difference in location gradually decreases with 
increase in T number. It is about 30 km when the intensity 
of the system is T4.0 or more (very severe cyclonic storms 
and above intensity) over the BOB, AS and NIO. 
 
 Considering the spatial distribution of difference in 
location of CDs, it is higher near the coast and decreases 
as we move away from the coast. The difference is more 
significant near Pakistan, Sri Lanka and north Andhra 
Pradesh, Odisha & West Bengal coasts in India, as it is 
well distributed with dense observational network. 

Further, the difference in location is relatively less over 
Myanmar, Bangladesh, Oman and Yemen coasts, which 
are data sparse. The average difference in location is about 
51 km for east coast of India. The average difference for 
west coast has not been calculated due to insufficient data 
along this coast.  
 
 The intensity in the best track agrees with the 
satellite estimates in about 85.5% of the cases. While the 
satellite based intensity is underestimated (Satellite 
division estimated T number is less than best track T 
number) in 9.5% cases, it is overestimated (Satellite 
division estimated T number is greater than best track T 
number) in about 5% cases over the NIO. Similar is the 
situation over the BOB, where intensity is underestimated 
(overestimated) in 11% (2%) cases. Intensity is 
underestimated (overestimated) in 7% (10%) cases over 
the AS. Considering the spatial distribution, the difference 
occurs mostly when the CD lies near the coast or the 
islands in the NIO like the difference in location. 
 
Acknowledgments 
 
 The authors are thankful to Cyclone Warning 
Division and Satellite Meteorology Division, IMD, New 
Delhi for arranging the data / information for preparation 
of this manuscript. 
 
 

References 
 

Dvorak, V. F., 1984, “Tropical cyclone intensity analysis using satellite 
data”, Technical Report (NOAA TR NESDIS 11), National 
Oceanic and Atmospheric Administration, National 
Environmental Satellite, Data, and Information Service, p47. 

Elsberry, R. L., 2003, “Track forecast guidance improvement for early 
warnings of tropical cyclones”, Early warning system for 
natural disaster reduction, Ed. Jochen Jschau and Andreas N 
Kuppers, Springer publication, New York, 167-184. 

 



 
 
34                            MAUSAM, 64, 1 (January 2013) 

IMD, 2003, “Cyclone Manual”, Published by IMD, Lodi Road, New 
Delhi.  

Knaff, John, A. and Zehr, Raymond, M., 2007, “Reexamination of 
Tropical Cyclone Wind-Pressure Relationships”, Wea. 
Forecasting, 22, 71-88.   

Knapp, K. R., Kruk, M. C., Levinson, D. H., Diamond, H. J. and 
Neumann, C. J., 2010, “The International Best Track Archive 
for Climate Stewardship (iBTrACS) using tropical cyclone 
data”, Bull. American Meteor. Society, 91, 363- 376. 

Koba, H., Hagiwara, T., Osano, S.  and Akashi, S., 1991, “Relationships 
between CI number and minimum sea level  pressure/maximum 
wind speed of tropical cyclones”, Geophysical Magazine, 44, 
15-25. 

Landsea, C. W., Glenn David, A., Bredemeyer William, Chenoweth 
Michael, Ellis Ryan, Gamache John, Hufstetler Lyle, Mock 
Cary, Perez Ramon, Prieto Ricardo, Sánchez-Sesma Jorge, 
Thomas, Donna and Woolcock, Lenworth, 2007, “A Reanalysis 
of the 1911–20 Atlantic Hurricane Database”, Journal of 
Climate, 21, 2138-2168. 

Martin, J. D. and Gray, W. M., 1993, “Tropical Cyclone Observation and 
Forecasting with and without Aircraft Reconnaissance”, 
Weather and Forecasting, 8, 519-532. 

Mishra, D. K. and Hemraj, 1975, Indian J. Met. Hydrol. & Geophys., 26, 
p455. 

Mohapatra, M., Kumar, Naresh and Ranalkar, Manish, 2011, “Utility of 
automatic weather station (AWS) data for monitoring and 
prediction of cyclonic disturbances during 2010”, IMD Met. 
Monograph, published by IMD, Pune, Synoptic Meteorology 
No. 10/2011, 189-203. 

Mohapatra M., Bandyopadhyay, B. K. and Tyagi, Ajit, 2012, “Best track 
parameters of tropical cyclones over the North Indian Ocean: a 
review”, Natural Hazards, 63, 1285-1317, DOI 10.1007/s 
11069-011-9935-0. 

Tyagi, Ajit, Mohapatra, M., Bandyopadhyay, B. K. and Kumar Naresh, 
2010, “Inter-annual variation of frequency of cyclonic 
disturbances landfalling over WMO/ESCAP Panel Member 
Countries”, WMO Technical Document, WMO/TD-No. 1541 
WWRP-210-2, 1-7. 

 

 


