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ABSTRACT
Natural disasters like tropical cyclones create havoc in many parts of the world.  Recent hurricane IRMA in Atlantic
Ocean, cyclone HUDHUD in North Indian Ocean are such examples.  As total span of a cyclone is generally 7 to 15
days, sufficient time is available to predict the path and intensity of the cyclones. With improvements in computing
capabilities, the agencies involved in weather forecasting are able to analyze the behavior of cyclones with higher levels
of accuracy. This survey paper presents various characteristics typical of a cyclone  and suitable portions of the
analysis module that can be done using cloud computing.
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1. INTRODUCTION
The damage in terms of life, property and human suffering, caused by tropical cyclones in coastal areas in
different parts of the world are well known.  Cyclone forecasting agencies have identified seven cyclone
formation basins all over the world - Northwest Pacific, Northeast Pacific, North Atlantic, North Indian,
Southwest Pacific, Southeast Indian Ocean and Southwest Indian Ocean. Over the years there has been a
steady increase in the number of tropical cyclones occurring in these basins.  The following figure justifies
this.

Fig1: Courtesy - http://www.nhc.noaa.gov/climo/

2. TROPICAL CYCLONE CHARACTERISTICS
A Tropical Cyclone (TC) is generally formed when a low-pressure system is created with a warm core that
forms over tropical and subtropical waters. The areas close to the equator generally receive large energies
from the Sun. This energy is released into the atmosphere in the form of water vapour.  The release of heat
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causes an upward motion of air, creating a low-pressure zone that is set into spin by the rotation of the earth.
When the energy contained in this spiraling airflow is high enough, a cyclone is formed.  Although low-
pressure zones form frequently over the tropical oceans, only a fraction of them reach the intensity of a
tropical cyclone [1][2].  Once it is formed, the cyclone generally moves away from the equator and decays
over the ocean or land [3].

The classification of the low pressure systems by Indian Meteorological Department, currently in force is
mentioned as [4]

Table 1. Classification of low pressure systems

S.No. Low Pressure System Sustained maximum surface wind (knots*)

1. Low Pressure Area Less than 17

2. Depression 17 - 27

3. Deep Depression 28 - 33

4. Cyclonic Storm 34 - 47

5. Severe Cyclonic Storm 48 - 63

6. Very Severe Cyclonic Storm 64 - 119

7. Super Cyclonic Storm More than or equal to 120

* 1 knot = 1.852 km / hour

Some of the well known characteristics of a typical tropical cyclone are

i) Size - in range of 300 km - 1500 km

ii) Eye - upto 20 km

iii) Sustained wind speeds

iv) Latitude and longitude coordinates

v) Date of formation of the cyclone and its duration

In addition to the above some more characteristics like sea surface temperature (SST), shear, persistence, heat
content are also analyzed by certain forecast models.

3. DATA SETS
The first source of information about the formation of cyclone is through satellite images.  These satellite
images are a rich source of information related to the cloud distribution, temperature, initial movement of the
cyclone etc.

Fig 2: Infrared image at 12 hrs on 10 Oct 2014 Courtesy : IMD
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Fig 3: Water vapor image at 12 hrs on 10 Oct 2014 Courtesy : IMD

Agencies like National Oceanic and Atmospheric Administration (NOAA), Indian Meteorological Department
(IMD), Japan Meteorological Agency, Australian Bureau of Meteorology etc collect data from the satellites
and archive them for research community. The archived data can be downloaded in netCDF format, images
etc requiring sophisticated programs to understand them.  This is one area where Cloud Computing can be
used for such compute intensive tasks. [5] talks about dataset data set in ASCII format of the entire Hudhud
tropical cyclone, downloaded from CIMSS website dated 28th August 2016.  This concise version of  the data
set contains longitude, latitude, pressure gradient, speed of wind vectors and their direction. The dataset is
taken in intervals of 3 hours ( 00, 03, 06, 09, 12, 15, 18, 21 hours).

Another dataset used in this paper is of IRMA hurricane which was considered as one of the fiercest
hurricanes in Atlantic during 30th August 2017 – 12th September 2017.  This dataset was downloaded from
National Hurricane Centre’s(NHC) National Oceanic and Atmospheric Administration (NOAA) website [6].

4. FORECASTING MODELS
The cyclone track and intensity is governed by a range of factors like variation in weather conditions, wind
pressure, sea surface temperature, air temperature, ocean currents, coriolis effect etc.  As cyclones formed in
different basins exhibit large variation in behavior, meteorological offices tend to use a combination of
techniques to forecast cyclones in order to achieve highest possible accuracy and reliability.

Some of the widely used forecasting techniques are

HURRAN [7] - This hurricane analog technique was used experimentally during the 1970's. This technique
selects analogs from historical tracks and plots their distribution at intervals out to 72 hours.  Lines connecting
the centroids of these distributions produce the Hurran forecast track. It is believed that the Hurran
computations contributed to the below-average errors in the official forecast.

CLIPER [8] - The use of climatology combined with persistence to make control tropical cyclone track and
intensity forecasts has a long history. These models typically have been developed using data that describe
the past history of tropical cyclones to create a set of multiple linear regression equations for the prediction.

SHIPS [9] - Statistical Hurricane Intensity Prediction Scheme utilizes relationships between environmental
conditions from the Global Forecast System (GFS)  such as vertical wind shear, sea surface temperatures,
climatology, and persistence via multiple regression techniques to come up with an intensity forecast for
systems in the northern Atlantic and northeastern pacific oceans.

Fig 4 shows the maximum wind speed of IRMA hurricane as observed during 30th August 2017 – 12th

September 2017.  The wind speed readings are taken four times a day i.e., at 00, 06, 12 and 18 synoptic or run
cycles.  The graph shows that the hurricane reached its peak wind speed of 160 knots (295 km/hr) on 6th
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September 2017.  There is a steep rise from 120 knots on 5th September to 160 knots in just one day.  In
meteorological terms this phenomenon is referred to as rapid intensification (RI).[10]

SHIPS model is able to forecast the intensity of the hurricane upto 120 hours with a reasonable good
accuracy.  The accuracy can be further improved if data intensive portions of the algorithm can be performed
using cloud computing. The algorithm can be suitably modified to incorporate the changes.

Fig 4: Maximum Wind speed (knots) of IRMA Hurricane during 30th August – 12th September 2017

ECMWF - European Center for Medium-Range Weather Forecasts model is developed and maintained by an
international organization supported by over 28 countries.  This model is the most sophisticated and
computationally expensive of all the operational global models currently used by National Hurricane Centre
(NHC)

Dvorak Technique [11] - This is a widely used technique developed by Vernon Dvorak to estimate tropical
cyclone intensity based solely on visible and infrared satellite images.  The system as it was initially
conceived involved pattern matching of cloud features with a development and decay model.  As human
analysts using the technique led to subjective biases, efforts have been made to make more objective estimates
using computer programs, which have been aided by higher-resolution satellite imagery and more powerful
computers.

5. CONCLUSION AND FUTURE WORK
This paper talks about literature survey done on various forecasting models used by various weather
forecasting agencies.  Data formats for the cyclone are available in NetCDF, GIS which require processing lot
of refinement and processing.  Analysis of such data is both data and compute intensive.  This paper can be
further extended to include more forecasting models.
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