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ABSTRACT. Dvorak technique operationally used all over thelevfor estimating the tropical cyclone intensity
is based on satellite observations. It involvesgenpattern recognition based on certain empirigigsralong with the
analyst interpretation of organized convection.e Tomputer-based algorithm can minimize these stigejudgement
discrepancies between different analysis centéimating the same storm. This modified versiortaied Advanced
Objective Dvorak Technique (AODT) and which is apgible for well-developed tropical cyclones. Instigaper the
performance of the AODT is evaluated on three cabéise year 2004 tropical cyclones. Comparativalysis indicates
the technique to be competitive with, the Dvorakdshintensity estimates produced operationallydigliite analysts
from tropical analysis centers.

Key words — Tropical cyclone (TC), Advanced objective teigue (AODT) and Subjective Dvorak
technique (SDT).

1. Introduction tropical cyclone (TC) intensity estimation usingediite
data. The method relates TC minimum sea level press
Infrared (IR) and Visible imagery from geostationar (MSLP) and maximum near-surface wind/nfax) to
satellites is a fundamental tool for diagnosing and satellite-measured cloud features. The Dvorak tigcien
forecasting tropical cyclones (TC) because the tealp  yields intensity estimates in terms Dhumbers (short for
and spatial regularity of sampling allows for contus tropical numbers). Thél numbers are then related to
and timely global monitoring of TCs. However, IR current intensity (Cl) numbers that are then diyect
imagery is often severely limited at giving direct related to MSLP and/max using a simple table (with
information about TC inner core structure and etioiu greaterT numbers associated with greater intensity). With

because upper level cirrus clouds are opaque miadyiiR improvements in satellite infrared (IR) imagery,eth
wavelengths. This is especially problematic in T@res, Dvorak technique was modified to include the enkadnc
which often display a central dense overcast (CBIO, IR (EIR) technique, which utilizes this new dataal,

and much of the structure of the eyewall and sumdng S. R,, 2002).

rain bands becomes obscured. In the visible imatgery

low level clouds are clearly seen and due to better The Advanced Objective Dvorak Technique
resolution it is easier to recognize the cloud gratttype. (AODT) algorithm (Olanderet al., 2002, 2004) is a
This method of analyzing cloud patterns using Vsib computer-based technique, developed at the Uniyeosi
images is called the Dvorak VIS technique (Dvorakla Wisconsin-Madison/Cooperative Institute for Meteoro
Wright 1977). For the past 30 years, the Dvorak789 logical Satellite Studies (UW/CIMSS), to objectiyel
1975, 1984) technique has served as the benchmark f determine tropical cyclone intensity using Geatiehary
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TABLE 1

Comparative analysisof NHAC, Satmet & AODT for the cyclone during 05-10 May 2004

NHAC (N) Satmet (S) Diff. (N-S) AODT (A) Diff (A-S)
Date/Time Lat. Long. Intensity Lat. Long. Intensity Distance Intensity Lat. Long. Intensity Distance Intensity
(UTC) (T.N/C.]) (T.N/C.)  (km)  (T.N) (TN)  (Km)  (T.N)
05 May/0300 11.573.5 15 115 73.5 2.0 0.00 -0.5 11.504.40 2.0 99.00 0.0
06 May/0300 11.573.0 2.5/3.0 11.073.2 3.0 59.24 0.0 11.393.16 3.7 38.75 0.7
07 May/0300 12.572.0 3.5 12.2 72.1 3.5 34.79 0.0 12.572.61 3.4 65.65 -0.1
07 May/1200 13.071.5 3.5 13.1 70.8 3.5 77.78 0.0 13.221.80 3.1 111.07 -0.4

08 May/0300 13.571.0 3.5 14.1 70.0 3.5 128.28 0.0 12.472.45 2.8 327.40 -0.7
08 May/1200 13.571.0 25/3.0 14.170.0 3.0/35 128.28 0.0 13.813.56 2.8 392.90 -0.2
09 May/0300 15.070.5 2.5/3.0 15.069.9 3.0/3.5 66.00 0.0 14.542.32 2.8 270.97 -0.2
09 May/1200 16.570.0 2.5/3.0 17.7 69.1 3.0/3.5 165.00 0.0 15.191.66 2.8 394.37 -0.2

10 May/0300 19.070.0 2.0 18.8 69.8 2.5/3.0 31.11 -0.5 18.788.69 2.8 122.42 0.3
10 May/1200 19.570.0 15 19.8 70.4 2.0 55.00 -0.5 19.288.07 2.2 263.86 0.2
TABLE 2

Comparative analysisof NHAC, Satmet & AODT for the cyclone during 30 September - 03 October 2004

Date/Time NHAC (N) Satmet (S) Diff. (N-S) AODT (A) Diff (A-S)

(UTC) Lat. Long. Intensity Lat. Long. Intensity Distance Intensity Lat. Long. Intensity Distance Intensity
(T.N/C.I) (T.N/C.l)  (km) (T.N) (T.N) (km) (T.N)

30 Sep/0900 16.069.0 1.5 15.5 68.5 15 77.78 0.0

30 Sep/1200 16.568.5 2.0 16,5 685 2.0 0.00 0.0

010ct/0300 19.067.0 2.0 19.0 67.0 25 0.00 -0.5

010ct/0900 19.566.5 25/3.0 19.866.2 3.0 46.67 0.0

010ct/1200 20.066.5 25/3.0 20.066.2 3.0 33.00 0.0

020ct/0300 21.066.5 25/3.0 212665 3.0 22.00 0.0 2136717 26 75.52 -0.4
020ct/0900 215670 35 218 673 35 46.67 0.0 22.087.46 35 35.47 0.0
020ct/1200 220675 35 222 675 35 22.00 0.0 22386756 35 13.78 0.0
030ct/0000 23.0685 3.0 23.0 68.5 15 00.00 15 23.68859 24 67.83 0.9
030ct/0300 23.0685 2.0 23.0 68.5 15 00.00 05 23.988.75 20 105.93 0.5

TABLE 3

Comparative analysisof NHAC, Satmet & AODT for the cyclone during 05-07 November 2004

NHAC (N) Satmet (S) Diff. (N-S) AODT (A) Diff (A-S)
Date/Time |5t | ong. Intensity Lat. Long. Intensity Distance Intensity Lat. Long. Intensity Distance Intensity
(UTC) (T.N/C.]) (TN/IC.)  (km)  (T.N) (TN)  (km) (T.N)
05 Nov/0300 14.067.0 1.5 14.0 67.0 2.0 0.00 -0.5 13.785.04 3.2 217.64 1.2
05 Nov/0900 14.066.5 2.0 14.5 67.0 2.0 77.78 0.0 14.064.34 3.3 296.94 1.3

05 Nov/1200 14.566.0 2.0 14.5 67.0 2.0 110.00 0.0 14.183.97 2.8 335.78 0.8
06 Nov/0300 15.0 65.0 2.0 15.5 66.0 2.0 122.98 0.0 14.662.97 3.0 347.38 1.0
06 Nov/1200 15.062.5 2.0 15.7 62.0 15 94.63 0.5 14.861.42 2.7 113.19 1.2
07 Nov/0300 15.059.0 2.0 15.7 59.0 15 77.00 0.5 15.088.24 2.5 108.59 1.0
07 Nov/1200 13.556.5 1.5 13.5 56.5 1.0 0.00 0.5 13.6%6.63 2.2 25.32 1.2
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Proj:Mercator 2004-05-07 06:00:06 Sat:Kalpana-1
ASIA_ MER IR Res:6.3 km

TIR No Enhancement

Fig.9. Kalpana-1 satellite Infrared (IR) image of 07 M2§04 Fig. 10. Kalpana-1 satellite Infrared (IR) image showimgedgular
cyclone showing shear type of pattern CDO pattern of 02 October 2004 cyclone

satellite infrared imagery. The AODT can be used to discreet gray shades representing known temperature
classify storm intensity beginning from storm fotioa ranges. This enables the analyst to use the tetnpesaof

from development to dissipation. the features as objective measures of intensitjs iBhan
objective technique whose accuracy increases as the
2. Dataand methodology intensity of the tropical cyclone increases.

The AODT data for the three cyclone cases 05 - 10 Objective Dvorak Technique (ODT) is an automatic
May 2004, 05-07 November 2004 and 30 September -technique based on previous objective satellitenesion
03 October 2004 is taken from, Cooperative Institiar algorithms with the modifications in SDT rules, whiare
Meteorological Satellite Studies, University of \éigisin responsible for the variability of the intensitytiegtes.
- Madison, U.S.A. The INSAT satellite imageries dise These changes have led to more stable and stalligtic
subjective Dvorak technique (SDT) is taken fromn$ett  sound estimates of intensity. In AODT technique
division India Meteorological Department (IMD). The objective scene identification is performed usingstF
AODT package is mainly developed for Man Computer Fourier Transform (FFT) / log spiral analysis aatistical
Interaction Data Access System (McIDAS) software analysis techniques and the patterns are identifigd
system. In satellite division we have McIDAS softeya almost the same threshold as in the subjective &vBiR
but we do not have AODT package in it. Becausesit i technique. The eye scene type and surrounding cloud
automated computerized way to determine the intgo$i region are examined by the FFT harmonics and their
tropical cyclone so the aim of the present study to categorical differences in temperature values. kpugal
determine the accuracy in the prediction of Intensif analysis is used to determine the curvature exaénhe
tropical cyclones in the tropical Indian ocean.v8have convective cloud region around the selected center
taken this data from University of Wisconsin - Msah, position. After the scene type determination
U.S.A. for testing purpose. (automatically or manually) this value is used in

conjunction with the eye and surrounding cloud top

The enhanced infrared technique (EJR technique),temperatures, oceanic basin type, and other hidiey
developed in 1978 (Dvorak and Wright, 1977), when (Software module utility stores all the past infation) to
applied to storms of hurricane strength, rely almos calculate the intensity estimate for the image dein
entirely on measurements of the “eye” temperatur@ a investigated. The algorithm is quite sensitivehte &ffects
the temperature of the clouds around the eye fer th of upper level shear in IR imagery, leading to eent
intensity determination. The method uses IR imaheas estimates driven by patterns in the cirrus clouakther
display the cloud features related to cyclottensity in than low-level clouds. Recently the AODT thoa is
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Proj:Mercator 2004-11-05 05:00:23 Sat:Kalpana-1

Fig. 11. Kalpana-1 satellite image showing CDO type oftgrat Figs. 12. INSAT-1D Satellite IR image showing irregular OD
05 November 2004 at 0500 UTC pattern of Orissa super cyclone of 28 October, 1899
0600 UTC

integrated with multi sensor microwave (TRMM, SSM/I variation than conventional SDT technique is lalital
and additional geostationary satellite channelfisagcthe  bias in tropical cyclone MSLP determination. Thasbcan
water vapor channel and visible and short waveareft be approximated as a linear function of latitude am
imagery (Velderet al., 2004). caused by the dependence of tropopause tempeaiure
latitude. The final major upgrade to the algoritimwolves
the inclusion of a bias adjustment to the AODT reate
3.  Result and discussion of MSLP based upon storm latitude position (Kosaa
Velden, 2004). Due to the problems of latitudinédsh
The comparative analysis of three cases of yea4 200 scene identification and complex nature of tropical
cyclones (05 - 10 May 2004, 30 September - 03 Gxtob dynamics the AODT technique does not produce good
2004 and 05 - 07 November 2004) with Northern results in many cases of tropical cyclones. Theemth
Hemisphere Analysis Center (NHAC), Satellite problem of the technique is that it is not platefor
Meteorology Division SATMET) and AODT are given in independent it requires Man Computer InteractiortaDa
Tables (1, 2 & 3). Their graphical plots are alkown in Access System (McIDAS) architecture, utilizing the
the Figs. (1, 2 & 3). Figs. (4, 5, & 6) shows the McIDAS text and graphics/image windows for command
comparative graphs of all the above said year 2004line input, data access and image analysis. Rurgiatels
cyclones. It is evident from the table as well esphs that  and final analysis text output are displayed witliire
in the third case (05 - 07 November 2004) the dimrian MCcIDAS text window, with image display and grapddic
position and intensity of the cyclones by AODT teicjue output displayed within the McIDAS graphics/image
are shown in four cases. The position and the siiteof window. In this way we can say that this technigsie
the super cyclone (Orissa 1999) are shown in Si&ka’ more suitable in Atlantic/Pacific Ocean storms F&.
paper in this volume. Similarly Fig. 7 represefis ODT shows the SDT analysis from satellite imagery fai@ne
analysis by two approaches one is from Cooperativeof 07 May 2004 which was of shear type of patterd is
Institute for Meteorological Satellite Studies (C3#8) and  center was defined by low cloud lines in the saftmain
other Cooperative Institute for Research in the cloud cluster. In the second case, 02 October 296ne
Atmosphere (CIRA) shows higher value than satmetcase shown in Fig. 10 it was an irregular Centrahg
synoptic analysis unit graph (Fig. 8). This is mbly due Overcast (CDO) pattern and its centre was withia th
to that ODT technique not always good in tropical convective cloud mass. Similarly, for the third eas
region. And other very important factor of ADBEnore (Fig. 11), 05 November 2004 it was an irregular CDO



164 MAUSAM7, 1 (January 2006)

pattern. In the fourth case, 28 October 1999 (EB). it References
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