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Abstract
Weather forecasting relies on the availability of observational data as input parameters. How-
ever, such data are not readily available, because of difficulties to collect weather data due to
inaccessibility to many places in the world, such as oceans or mountain regions. For this rea-
son, satellite surveillance is a suitable tool to observe the atmosphere in regions where it is not
possible by other means.

This master thesis is a study of convective cloud cluster formation over Thailand, conducted
through satellite image analysis. Characteristics of cloud cluster formations are investigated
through an implementation of the Maximum Spatial Correlation Technique (MASCOTTE),
described by Carvalho and Jones (2001). This method allows tracking of convective cloud sys-
tems through region based analysis of satellite images.

The aim of this study is to investigate whether satellite image analysis, through the implementa-
tion of the MASCOTTE methodology, can provide characteristics of convective cloud systems,
in order to discern convective systems by intensity, accurately enough to be able to discern
severe thunderstorms from ordinary thunderstorms. The annual distribution of the occurrence
of life cycles detected through the analysis is studied, as well as their monthly distribution of
mean and maximum life times. Moreover, the yearly distribution of life cycle mean and mini-
mum brightness temperatures are analysed, as well as the number of detected split and merge
events. This is followed by a comparison of life cycle structural properties to investigate the
possibility to use individual parameters, alone or in combination with each other, as indicators
of the degree of convective activity within life cycles.

Yearly distributions were studied in order to verify if this method could reveal seasonal varia-
tions, such as the onset period of the wet season, in terms of the occurrence of life cycles and
their life time.

The findings of this study verified that the most convectively intense life cycles exist under the
influence of the Inter Tropical Convergence Zone (ITCZ), during the onset and beginning of
the monsoon season. Analysis of life cycle structural properties, showed that properties like
mean and minimum brightness temperature as well as fractional convective area, could be used
as indicators to discern between life cycles with different level of convective activity. How-
ever, it is concluded that studies, including ground-based remote sensing technologies such as
RADAR/LIDAR, as well as data from rawinsondes, needs to be conducted in order to clar-
ify if it is possible to use this methodology to successfully discern severe thunderstorms from
ordinary thunderstorms.
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Sammanfattning
Tillgängligheten av meteorologiska mätdata är väsentlig för att kunna prognostisera väder. Idag
är tillgängligheten på dessa data relativt gles, bland annat på grund av svårigheter att mäta på
många platser runt om i världen, t.ex över världshaven eller vid otillgängliga bergsområden.
Därför är satellitövervakning ett bra alternativ till andra typer av väderobservationer, eftersom
denna teknik kan tillhandahålla mätdata över stora områden som annars inte är möljiga att
samla data från.

Denna magisteruppsats är en studie om egenskaper hos konvektiv molnbildning över Thailand.
Studien är genomförd med hjälp av satellitbildsanalys. Egenskaper hos olika konvektiva moln-
celler har studerats genom att använda en metod baserad på ”the Maximum Spatial Correlation
Technique” (MASCOTTE), beskriven av Carvalho and Jones (2001). Tanken bakom denna
metod är att hitta och följa utvecklingen av olika konvektiva molnceller baserat på deras storlek
och temperatur.

Målet med studien är att undersöka hurvida denna metoden kan ge kunskap som leder till att
man kan skilja på konvektiva celler, genom intensitetsskillnader, med tillräcklig noggrannhet
för att kunna urskilja vanliga konvektiva celler från intensiva celler.

För att få en uppfattning om förekomsten av intensiva konvektiva system, har antalet detekter-
ade livscykler per månad studerats. För sedan att få en bild av hurvida deras livscykler skiljer
sig åt över året, har även egenskaper som medellivslängd och maximal livslängd studerats.
Dessutom studerades den årliga fördelningen av livscyklernas medel och minimum tempera-
turer, samt förekomsten av delningar och sammanslagningar av konvektiva celler.

För att finna kunskap om skillnader i intensitet mellan individuella livscykler, har egenskaper
som medel och minimum temperatur analyserats. Dessutom har andelen moln med extremt låg
temperatur studerats i syfte att kunna använda dessa parametrar som intensitetsindikatorer vid
satellitbildsanalys.

Resultaten i denna studie visar att de mest intensiva konvektiva molnsystemen (kraftigaste
åskvädren), förekommer under påverkan av ITCZ (Inter Tropical Convergence Zone), under
antågandet och början av regnperioden. Studier av de konvektiva systemens egenskaper visade
att parametrar, som andelen extremt kallt område i molnceller (fractional convective area), och
livscyklernas medel och minimum temperaturer, skulle kunna användas som intensitetsindika-
torer för att skilja på olika livscykler med avseende på deras styrka i intensitet.

Slutsatsen av studien är att det behövs fler studier där andra typer av meteorologiska mätdata,
såsom RADAR/LIDAR och sonderingsdata är involverade, för att skaffa ytterligare kunskap
om hur man genom satellitbildsanalys kan urskilja kraftiga åskväder.
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1 Introduction

In many tropical regions around the world, especially those covered by large areas of for-
est, there is a lack of standard synoptic weather observations. Nowcasting technologies, like
weather radar, makes it possible to monitor what is happening in the atmosphere at a momen-
taneous basis. But the number of radar instruments is very limited, thus they provide a poor
spatial resolution, and not even nowcasting can be performed at many places. Severe thunder-
storms are particularly difficult to forecast, as such weather events usually grow very fast once
they have been initialised. This is why satellites are needed as weather monitoring tools. They
cover large areas of the earth and geostationary satellites provide data over the same large area
constantly.

Since severe thunderstorms releases a significant amount of precipitation in a very short time,
the effect can be devastating. Every year millions of people are affected by the destruction that
follows flash flooding after Severe Thunderstorms. Many people loose their homes, get injured,
ill or even die, because of flooding and sanitary problems arisen from the chaotic situation. For
that reason, methods which can contribute to forecasting of Severe Thunderstorms, or other
fast growing severe weather events, through the use of satellite images, would be of great im-
portance in tropical regions around the world.

The aim of this thesis is to track regions of convective cloud systems associated with severe
thunderstorms through satellite image analysis. Cloud characteristics of thunderstorms are
analysed to see if it is possible do discern severe storms from non severe storms. This could
be of particular importance when forecasting rapidly growing severe weather phenomena in re-
gions where no other meteorological data than satellite images are available. The methodology
used to track and extract data from convective cloud systems is based on the Maximum Spatial
Correlation Technique (MASCOTTE). The use of this methodology makes it possible to track
atmospheric regions with particular atmospheric properties (Carvalho and Jones, 2001).

The study is carried out through analysis of satellite images from the geostationary satellite
MTSAT-1R, but it can easily be extended to any infrared satellite images from any geostation-
ary satellite. The analysis is conducted over a region roughly covering Thailand, but the area
can easily be extended to cover any region. Following on from the introduction, chapter two
discuses the climate in the tropics and an attempt is made to describe the climate of Thailand
and its vicinity. The theory of convective development is the main content of chapter three. In
chapter four, satellites and interpretation of satellite data is discussed. The methodology used
to track convective systems in satellite images, and how it is applied in this work is discussed
in chapter five. Chapter six presents the results and the impact of the results is discussed in
chapter seven.
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2 Thailand and severe thunderstorms

2.1 Climate description

There are a number of definitions of the region often referred to as the tropics. Some people
define the tropics as the region between the Tropics of Cancer and Capricorn (approximately
between 23.5◦N and 23.5◦S); others prefer to say the tropics are between the equator and the
30th parallel. From a meteorological point of view, a definition could be the dividing line
between the Easterlies and Westerlies in the middle troposphere. This allows for seasonal vari-
ations, and for differences between one part of the world and another, in the same season. It is
also defined by Koeppen’s widely-recognised scheme of climate classification, where the trop-
ics are defined as non-arid climate in which all twelve months have mean temperatures above
18◦C as shown in Figure 2.1.1 (Riehl, 1954). There are a range of tropical climate zones fulfill-
ing this criterion, and as seen in Figure2.1.1, the tropical climates can be subdivided into three
categories. The definitions of these categories by Koeppen’s climatic classification system are
as follows: (Af) - tropical wet (rainforest), all seasons are wet and all months have at least 60
mm of rainfall; (Am) - tropical monsoon climate, has a short dry season where the driest month
has less than 60 mm of rainfall but equal to or greater than (100 - P/25), where P is the annual
rainfall in millimetres; and (Aw) - tropical wet and dry (savanna), with a winter dry season
where the monthly rainfall is less than (100 - P/25).

The annual rainfall within Af climate zones typically exceeds 1500 mm, and in some cases,
especially along the windward side of mountains and hills the total may exceed 4000 mm. Af
climate zones usually occur within 5-10◦ latitude of the equator. For the tropical monsoon cli-
mate (Am), annual rainfall totals are similar to those of the Af climate, usually exceeding 1500
mm a year. The lack of precipitation during the short dry period is compensated by copious
rainfalls throughout the rest of the year. Towards the fringes of the tropics, the total annual rain-
fall diminishes. There is a gradual transition from tropical wet climate (Af and Am) towards
the tropical wet-and-dry-climate (Aw). The Aw climate has a distinct prevailing dry season,
even though annual rainfall totals usually exceeds 1000 mm a year (Ahrens, 2005).

The temperature in the tropics rarely exceed 35◦C, because a substantial part of the Sun’s heat
energy is used up in evaporation and rain formation. At night the abundant cloud cover restricts
heat loss, and minimum temperatures usually don’t fall below 22◦C. These high temperatures
are maintained with little variation throughout the year. Therefore, the seasons are not distin-
guished by warm and cold periods, but rather by variation of rainfall and cloudiness.
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Figure 2.1.1. Map of Koeppen’s climate classification. As shown in the figure, tropical regions are
marked Af, Aw and Am Source: (Wikipedia, 2007).

Since the sun is always in zenith somewhere between the Tropics of Cancer and Capricorn, this
region always receives large amounts of solar radiation. This high level of radiation keeps the
surface of the region constantly warm, and the warmth creates a zone of thermal low pressure
often centred over ’hot spots’ called ’heat lows’. On a climatological map this resembles as
trough, localised near the equator and therefore sometimes referred to as the equatorial trough,
but more commonly goes under the abbreviation ITCZ (Inter Tropical Convergence Zone). On
satellite images ITCZ appears as a band of clouds, usually thunderstorms. This cloud band
often extend hundreds of kilometers horizontally, and is sometimes broken into smaller line
segments.

ITCZ exists because of the convergence of the trade winds, and it is formed in the region where
the trade winds converge, and forces the air into an upward motion. This zone, is essentially
the source of the global circulation, which is driven by the sun, and is often referred to as the
global heat engine. A sea surface temperature map, such as the one in Figure 2.1.2, gives a
picture of the heat distribution caused by the solar heating in the vicinity of ITCZ. This Figure
represent the mean annual sea surface temperature (Riehl, 1954).
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Figure 2.1.2. Mean annual Sea Surface Temperature map of the tropics Source: (Riehl, 1954)

2.2 Climate of Thailand

To understand seasonal variations at a specific place, it is valuable to consider the latitudinal
span of the region of interest. By following the annual cycle of the sun’s zenithal latitude,
illustrated in Figure 2.2.1, one can visualise the location of ITCZ, hence annual weather patterns
becomes easier to understand.

Figure 2.2.1. Annual cycle of the sun’s zenithal latitude Source: (Riehl, 1954).

It is important though to understand that ITCZ doesn’t completely follow the annual cycle of
the sun’s zenithal latitude, due to differential heating caused by land/sea distribution on the
surface of the earth. For that reason it is also sometimes broken into segments and can not
always be illustrated as a connecting line segment all around the earth. Figure 2.2.2 illustrates
the mean position of ITCZ in January and July.
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Figure 2.2.2. Mean position of ITCZ. Dashed line represents the position in July and solid line
represents the position in January Source: (Riehl, 1954).

ITCZ is centred around 5◦S in the month of January and around 12-15◦N in July (Riehl, 1954).
When ITCZ migrates some 20◦ between seasons, it influences the seasonal variations of rain-
fall, cloudiness and tropical storm formation. Figure 2.2.3 shows how Thailand stretches merid-
ionally roughly from 5◦N to 20◦N, thus the country is affected by ITCZ throughout the year.

5



Figure 2.2.3. Map over Thailand where the dashed box represents the analysed area in this study.

Thailand’s climate is defined as a tropical monsoon climate, with a dry season roughly stretch-
ing from December to April, followed by a wet season which consequently lasts until December
the following year. During the period of March to May, severe thunderstorms become frequent
events in Thailand and the sun’s zenithal latitude explains a series of events started by solar
heating to trigger strong convective activity. This period is referred to as the onset of the mon-
soon season.

3 Theory

Normally the temperature lapse rate in the tropics, lies between the dry- and moist-adiabatic
rates. The atmosphere is then called conditionally unstable. If air is ascending in such condi-
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tions, there will be an upward-directed buoyant force acting on it as long as it is warmer than
the surrounding air. The warmer the raising air is relative to the surrounding air, the greater the
buoyant force and the stronger the convection (Ahrens, 2005).

3.1 Thunderstorms

Thunderstorms are convective storms, and as such they form with rising air. The birth of a
thunderstorm often begins when warm, humid air rises in a conditionally unstable environment.
When moist air is lifted above it’s level of condensation, energy will be released during the
condensation process. This will increase buoyancy in an already unstable environment by
slowing down the adiabatic cooling, and the air will continue to rise as long as it is warmer
than its surroundings. The amount of water content will play an important role in determining
the strength of convection since the more water the air contains, the more water can condense,
and the more energy can be released to further trigger convection. An initiating factor is needed
to start the upward motion. Such factors may be differential heating of the surface, orographic
lifting, or converging surface winds. The summary of conditions required for thunderstorm
development are (Ahrens, 2005):

• an unstable atmosphere;

• a source of moist air; and

• an initiating mechanism for their development.

Diverging upper-level winds, coupled with converging surface winds, also provide a favourable
condition for thunderstorm development. Moreover, thunderstorms often form when air raises
along a frontal zone. Usually several of these mechanisms work together to generate severe
thunderstorms.

A common weather report in Thailand is scattered thunderstorms. Scattered thunderstorms,
also called ordinary thunderstorms, tend to develop in warm, humid air masses away from
weather fronts. These storms are usually short-lived and rarely produce strong winds or large
hail. However, in the region studied in this analysis (Thailand), it is thought that in situations
commonly favourable for ordinary thunderstorms, sometimes severe thunderstorms develop. A
severe thunderstorm in Thailand, is a thunderstorm with hail and very strong wind.

3.1.1 Lifecycle stages of a thunderstorm cell

Extensive studies indicate that ordinary thunderstorms go through a cycle of development from
birth to maturity. The building blocks of all thunderstorms are thunderstorm cells, and each
cell goes through three stages of development: 1) the cumulus stage; 2) the mature stage; and
3) the dissipating stage (Ahrens, 2005).

As can be seen in Figure 3.1.1 illustrating the cumulus stage of a thunderstorm cell, masses of
moist air are pushed upwards. A triggering factor for this phenomena can be solar insolation,
heating the ground producing thermals. It can also be forced upwards by converging winds.
Another factor can be winds blowing over high ground, so called orographic lifting. When
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moist air is pushed upwards it cools into liquid drops of water, which appears as cumulus
clouds. At first, the cloud grows upward only for a short distance, then it dissipates. This
happens because cloud droplets evaporate as the drier surrounding air mixes with it. During
this evaporation process, the air gradually get more moist and the rising air is able to condense
at successively higher levels and the cloud grows taller. As the water vapour condenses into
liquid, latent heat is released which warms the air, keeping it warmer than the surrounding air.
The cloud continues to grow as long as it is fed by rising air from below.

A cumulus cloud can grow into a cumulus congestus (towering cumulus), in just a few minutes,
and during this stages there is normally not enough time for precipitation to form, and up drafts
keep water droplets and ice crystals suspended within the cloud. When the cloud builds above
freezing level, the particles grow larger and heavier. This will eventually suffocate the updraft
and precipitation begin to fall. Also, entrainment of drier surrounding air causes some of the
raindrops to evaporate. This will cool the air and further suppress the updraft and eventually
the air will be colder than its surrounding and start to descend as a downdraft. The downdraft
will be enhanced as falling precipitation drags the air along with it.

Figure 3.1.1. The cumulus stage of a thunderstorm cell. The vertical axis unit is given in feet
Source: (Riehl, 1954).

This mark the beginning of the mature stage. During this stage, the storm is most intense. The
cloud top has reached a stable part of the atmosphere and begins to take on an anvil shape, as the
upper-level winds spread the cloud horizontally. Depending on the strength of the convection,
the cloud can continue to rise above the tropopause, which in the tropics often is located at
about 17 km height. This condition is known as overshooting. Heavy rain and hail, again
depending on the strength of the convection, falls from the cloud and at the surface there is
often a down rush of cold air associated with the onset of precipitation. When the cold air
reaches the ground, the air begins to spread horizontally in all directions. The surface boundary
that separates the advancing cooler air from the surrounding warmer air is called a gust front.
Winds rapidly change along the gust front in both direction and speed. The gust front may
force warm, humid air up into the storm which enhances the updraft. Intense downdrafts from
the storm may produce strong, gusty winds and a gust front. The mature stage is illustrated in
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Figure 3.1.2.

Figure 3.1.2. The mature stage of a thunderstorm cell. The vertical axis unit is given in feet Source:
(Riehl, 1954).

When the up drafts weaken as the gust front moves away from the storm and no longer enhances
the updraft the dissipating stage begins. During this stage, downdrafts dominate throughout
much of the cloud. The reason why storms normally does not last very long is that the down-
draft suffocates the convection by cutting of the supply of warm, humid air. This could be
prevented if a strong vertical wind shear was present. The dissipating stage is illustrated in
Figure 3.1.3

Figure 3.1.3. The dissipating stage of a thunderstorm cell. The vertical axis unit is given in feet
Source: (Riehl, 1954).

9



3.1.2 Severe thunderstorms

Wind shear is a very important factor for the strength and survival of a storm. Vertical wind
shear is the change of wind speed and direction with height. If the vertical shear is strong
enough, it might be able to separate the downdraft from the updraft, thus enhancing the strength
and the life time of the thunderstorm. The longer the storm survives the greater the chance for
it to become a severe thunderstorm. A severe thunderstorm by definition is a thunderstorm
producing large hail larger than 19 millimetres in diameter and/or gust winds of 25 meters per
second, and/or produces a tornado (Ahrens, 2005). Severe thunderstorms are formed the same
way as ordinary thunderstorms. However, they usually form in areas with strong vertical wind
shear. Although wind shear is an important factor for severe thunderstorm formation, it is not
necessary. In the tropics, wind shear is usually weak, but instead, there is greater instability to
support very strong convection and formation of severe thunderstorms. The outflow of cold air
in the downdraft may undermine the updraft. I such cases, new cells may form, producing a
long lasting multicell storm.

3.2 Thunderstorms in Thailand

As shown in Figure 2.2.1, the sun’s zenithal latitude migrates from 5◦N to 20◦N during April
and May. Since it is known that ITCZ exists because of the convergence of the trade winds,
and that the sun is the driving force of the atmosphere through surface heating (Riehl, 1954), it
can be expected that during April and May, somewhere between 5◦N and 20◦N, there will be a
shift from overlaying dry North-Easterly winds, to moist South-Westerly flow as illustrated in
Figure 3.2.1.

(a) January, dry North-Easterly flow crossing over South-East Asia.

(b) July, South-Westerly flow bringing humid sea surface air to the continent.

Figure 3.2.1. Resultant streamlines and isotachs Source: (Riehl, 1954).
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This is important to keep in mind because as Figure 3.2.1 (b) illustrates, South-Westerly winds
will bring humid air from the warm sea. As mentioned earlier, a sufficient amount of atmo-
spheric moisture, is one of three important conditions for thunderstorm development. Another
of the previously discussed conditions, unstable air, is also assumed to be maintained in this
region due to the large amount of solar radiation frequently warming the surface.

Along the West side of Thailand, a topographical ridge spans from North to South. There is
also a coastline West of the topographical ridge. Coast convergence can therefore presumably
be a common event. Along the coasts of the gulf of Siam, coast convergence or sea/land breeze
may be the only air lifting initiator because of the absence of airlifting topography. Prevailing
winds may also interact with local sea breeze, which of course could be a lift initiating fac-
tor, especially in situations where coast convergence coincide with the prevailing wind and sea
breeze. The conclusion so far is that the possibilities of coast convergence, sea breeze, oro-
graphic lifting, differential heating, and a substantial amount of moist in the lower part of the
atmosphere, swept in from the South-Westerly flow, fulfills the three most important factors for
the development of thunderstorms in this region.

4 Acquisition and handling of data

Observational data used in this thesis were achieved from the Multi-functional Transport Satel-
lite (MTSAT). Satellites serve a wide variety of purposes from transmission of television signals
via communication satellites to guidance and tracking systems of defence satellites. For mete-
orologists, satellites provide a comprehensive view of the world’s weather and environment by
observations on a scale not possible by other means. Two types of satellites are used for meteo-
rological purpose, geostationary and polar orbital satellites. Polar orbital satellites, as the name
indicates, orbits over the poles of the earth, hence they have the ability to scan the entire globe.
Images from polar orbital satellites provide better resolution than images from geostationary
satellites because they orbit at a much lower altitude. The disadvantage of polar orbital satel-
lites is that they cannot monitor areas twenty-four hours a day simply because they are never
located at the same spot. Geostationary satellites on the other hand, follow the rotation of the
earth. So for that reason they can observe atmospheric phenomena uniformly, including over-
lying areas over sea, desert, mountain regions or wherever weather observation by other means
is difficult to perform. As mentioned, in this thesis observational data from MTSAT is used.
This satellite is one in a series of geostationary satellites launched by the Japan Meteorological
Agency. Below follows a brief description of these satellites.

4.1 MTSAT and its predecessors

MTSAT-1R was launched in February 2005, as the successor of GOES-9 which in turn is
the successor of GMS-5. All of them are geostationary satellites, operated by the Japanese
Meteorological Agency (JMA) and they cover East Asia and the western Pacific region from
position at about 140◦E and at an altitude of 35 800 km above the equator. Imagery from the
satellites cover the region from 70◦N - 20◦S to 70◦E - 160◦E. All satellites provide imagery
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from different sensors within different wavelength spectra’s. The band width of these sensors
are shown in Table 1.

Himawari-5 (GMS-5) GOES-9 Himawari-6 (MTSAT-1R)
Visible (VIS) 0.55-0.90 um @ (1.25km /

6bits)
0.55-0.75 um @ (1km /
10bits)

0.55-0.90 um @ (1km /
10bits)

Infrared 1 (IR1) 10.5-11.5 um @ (5km /
8bits)

10.2-11.2 um @ (4km /
10bits)

10.3-11.3 um @ (4km /
10bits)

Infrared 2 (IR2) 11.5-12.5 um @ (5km /
8bits)

11.5-12.5 um @ (4km /
10bits)

11.5-12.5 um @ (4km /
10bits)

Water Vapour
(WV)

6.5-7.0 um @ (5km / 8bits) 6.50-7.00 um @ (8km /
10bits)

6.5-7.0 um @ (4km /
10bits)

Near Infrared
(NIR)

Not Available 3.80-4.00 um @ (4km /
10bits)

3.5-4.0 um @ (4km /
10bits)

Frequency 1 hour 1 hour 1 hour
Position (35,800
km above equa-
tor)

140 E 155 E 140 E

Table 1. Satellite information and differences between MTSAT and its predecessors GOES-9 and GMS-5
Source: Japan Meteorological Agency (JMA, 2007).

MTSAT provides imagery from four different infrared sensors and one visible sensor. In this
thesis only images from the infrared channel 1, which is in the 10.3-11.3 µm window spectra,
and channel 3, which is in the 6.5-7.0 µm water vapour spectra, are used. Information such
as imagery for monitoring cloud distribution and cloud motion, sea surface temperatures and
distribution of water vapour is provided from the satellite. Observed data obtained by MTSAT,
by further computation of cloud imagery, can be used in calculating wind data for numerical
weather prediction (NWP), to make nephanalysis1 charts, and to analyse the distribution of
cloud amounts according to area.

4.2 Interpretation of Satellite Images

MTSAT-1R provides images of two types, namely images from the visible spectra (VIS), and
from the infrared spectra (IR). Visible images represent the amount of sunlight being scattered
back into space by clouds, aerosols, atmospheric gases, and the Earth’s surface. In visible satel-
lite images, thicker clouds have a higher reflectivity (albedo) and appear brighter than thinner
clouds. However, it is difficult to distinguish among low, middle, and high level clouds in
visible satellite images, since they can all have a similar albedo, and for this distinction IR
images are more useful. Infrared satellite measurements are related to the brightness temper-
ature, which in turn is related to cloud altitude. In IR images brighter colour means colder
temperatures. Since the temperature of the atmosphere normally decreases with height, low
temperatures implies high level clouds. In other words, in infrared satellite images cold ob-
jects appear brighter and warm objects appear darker. Infrared satellite measurements are also

1Nephanalysis - The analysis of a synoptic chart focusing on the types and amount of clouds and precipitation
Source: American Meteorological Society (AMS Glossary, 2007).
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performed in the water vapour spectra, hence they are referred to as water vapour (WV) im-
ages. WV images reflects the amount of moist in the air and in those images, darker regions
are interpreted as drier than brighter regions. Hence the brighter the area is the more moisture
the air contains. For this reason WV imagery is used to monitor the moisture content in the
atmosphere. This channel also provides information about mid-tropospheric wind patterns and
jet streams.

5 Method

This study was conducted by extracting structural properties from regions in satellite images
matching certain criteria, according to the Maximum Spatial Correlation Technique (MAS-
COTTE) (Carvalho and Jones, 2001). MASCOTTE is described as a fully automated and
efficient method to determine the structural properties and evolution of cloud shields2 of con-
vective systems (CS). This method is a new alternative to existing techniques available for
studies that monitor the evolution of CS using satellite images. Carvalho and Jones (2001)
states in their article that MASCOTTE is a significant improvement over methods published
earlier that assume specific geometries to determine CS propagation. It is also concluded that
studies based on data composites, such as in Garreaud and Wallace (1997), does not resolve
CS variability, especially not for geographic evolution and the diurnal cycle. Satellite tracking
methods like MASCOTTE provide an additional research tool for this purpose. Carvalho and
Jones also states that statistical analysis of the occurrence of different CS structural properties
during different synoptic regimes can provide valuable information on the interaction between
the large-scale circulation and CS over the Amazon. For that reason, the MASCOTTE method-
ology was adopted and used in this study as a tool to study Thunderstorms and their structural
properties over Thailand. Many studies has previously been conducted for tracking CS in trop-
ical areas (Garreaud and Wallace, 1997; Machado et al., 1998). However, according to Thai
meteorological expertise, no such qualitative research on this topic has been performed in Thai-
land before (Dr Dusadee Sukawat, personal communication). This section will give a detailed
description of how MASCOTTE was implemented in this study.

5.1 About MASCOTTE

The Maximum Spatial Correlation Technique has been used to identify structural properties of
mesoscale convective systems before. As described by Carvalho and Jones (2001), it is a fully
automated method used to determine the structural properties and evolution of cloud shields of
convective systems. As CS structural properties MASCOTTE provides mean, minimum and
variance of brightness temperature, horizontal area, perimeter, fractional convective area, cen-
tre of gravity, and fragmentation. The method includes detection of splitting and merging of

2A cloud shield described by the American Meteorological Society, is in general a broad cloud formation,
usually not more than four times as long as it is wide. In synoptical meteorology it is the principal cloud structure
of a typical wave cyclone, that is, the cloud forms found on the cold-air side of the frontal system. In this study,
a CS is simply a region in a satellite image that match certain size and temperature criteria according to the
MASCOTTE methodology Source: American Meteorological Society (AMS Glossary, 2007).
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convective systems, which is a critical step in the automated satellite CS life cycle determi-
nation. The spatial correlation given between consecutive satellite images and the change in
horizontal areas of CS, makes it possible to track the evolution of CS life cycles easily.

5.2 MASCOTTE applied

In this thesis, the MASCOTTE methodology was used to track regions of convective activity
in satellite images from MTSAT-1R, although not all features of MASCOTTE were used. The
main focus has been to find and track cloud shields of convective systems to evaluate their
lifetime and location, and to study some of their structural properties. The properties studied
within life cycles were minimum brightness temperature, mean brightness temperature and
fractional convective area.

The basic hypothesis of MASCOTTE is that the spatial correlation between regions defined by
two different cloud systems in successive images is a simple and powerful method to identify
the evolution of spatial patterns associated with CS. In order to define a CS, one temperature
criteria and one size criteria is set. In this thesis the initial temperature threshold value for a CS
was set to TB less than or equal to 235K to match the findings of Garreaud and Wallace (1997),
were TB is the brightness temperature. The size criteria was set by allowing only CS that reach
equivalent radius of 100 km or more and the combination of those criteria is hereafter referred
to as the T-R criteria (Temperature-Radius criteria). The values used in this thesis were also
used during evaluation of MASCOTTE described by Carvalho and Jones (2001). The basic
steps from the MASCOTTE methodology involved in this thesis are briefly described below.

• Consider that a number of satellite images (N) of TB are available with time interval ∆t
(taken to be one hour in this thesis). For each satellite image at time ti, 0≤i≤N, regions of
CS are identified according to the T-R criteria. Regions that do not meet the T-R criteria
are set to null. Consider that, at time ti, there are m CS identified.

• At time ti, the kth CS (1≤k≤m) is first isolated in the current image. Then consider the
next satellite image at time ti+1, and identify all the CS. The CS at time ti+1 that has
maximum spatial correlation with the kth CS at ti is considered the new spatial position
of the CS. The process is repeated for all CS at time ti and starts again for the next satellite
image.

• For each time ti and each CS, structural properties are computed. In this study these
include the horizontal areas, eccentricity, orientation, mean, minimum and variance of
TB, centre of mass (XCM , YCM ) and fractional convective area, further explained below.

5.2.1 Extracting CS cloud properties

In every image, CS matching the T-R criteria are extracted as described above. For each image
containing one or more CS, cloud properties according to the MASCOTTE methodology are
computed and saved in a structure, containing structural properties of each CS. Each run gener-
ates a structure containing structural properties of all CS found one month in images from one
IR channel.
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5.2.2 Organising CS to form life cycles

After the extraction of structural properties for each image, correlation computations are per-
formed for each structure containing all CS from one month in order to form life cycles (LC). A
life cycle is defined as a sequence of CS consecutive in time with a one hour time difference and
a spatial correlation greater than 0.3. Within a time sequence, life cycles are initiated if clusters
merge from one hour to the next hour and lifecycles are terminated if clusters split from one
hour to the next hour. A merge is defined as when two clusters from one hour correlates well
enough (has a spatial correlation greater than 0.3) with one cluster the following hour. A split
is defined as when two clusters correlate well enough with only one cluster in the preceding
hour. All life cycles are then organised in a new structure containing all LCs and their structural
properties for one month and one IR channel at the time.

5.2.3 Structural properties

Below follows a brief description of the CS structural properties, and life cycle information
derived in this study. The enumeration is followed by a table representing available information
in a life cycle.

1. LC number - Life cycle number, used to identify life cycles.

2. Time stamp - This is the time stamp of each step in a life cycle on the form yymmddHH,
where yy = year, mm = month, dd = day, HH = hour.

3. Age - Age of the life cycle in hours in the current time step

4. CS number - This is the CS number in the current life cycle. If more than one CS are
found in one time step, this number separates the CS from each other. This number is
useful for split and merge detection to keep track of the CS within each life cycle.

5. Correlation number - The correlation number shows the spatial correlation between the
current CS and CS it is related to in the previous time step. Therefore this value is always
zero in the first life cycle hour.

6. Latitude - This is the Latitudinal geocoordinate for the centre of gravity of the CS in the
current time step in a LC.

7. Longitude- This is the Longitudinal geocoordinate for the centre of gravity of the CS in
the current time step in a LC.

8. Fractional convective area - The fractional convective area is computed as (Cold area)/Area.
This ratio is used as an indicator of the strength of the convective activity within a CS.
A value close to one indicates strong convection because a big fraction of the CS is very
cold, hence convective activity must be strong. In this thesis the threshold value for the
cold area was set to 210 K because the TB≤213-208K has been identified with precipita-
tion in the Tropics (Williams and Houze, 1987; Mapes and Houze Jr, 1993; Richenbach,
1999). This is of interest because the main purpose of the tracking is to find the convective
systems with the strongest convective activity in order to find atmospheric properties that
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can be related to severe thunderstorms which are known to release a significant amount
of precipitation in a short time.

9. Min Bt - The minimum brightness temperature within one CS.

10. Mean Bt - The mean brightness temperature within one CS.

11. Eccentricity - A scalar value describing the shape of a CS. It can be pictured as an ellipse
surrounding a CS. The eccentricity of the CS is the ratio of the distance between the foci
of the ellipse and its major axis length. The value is between 0 and 1 where 0 and 1
are degenerate cases and an ellipse whose eccentricity is 0 is actually a circle, while an
ellipse whose eccentricity is 1 is a line segment. The eccentricity could be used to detect
strong tropospheric winds because quick changes from circular shape elliptical shape
indicate a convective system colliding with high level winds strong enough to displace
the updraft of a thunderstorm and here by also change the horizontal shape seen from a
satellite view.

12. Orientation - A scalar describing the angle (in degrees) between the x-axis and the major
axis of the ellipse that has the same second-moments as the region (CS). This parameter
is useful to track through life cycles because big sudden changes could indicate splitting
or merging of clusters. Those to events are already covered logically during the analysis
but comparing the orientation with events of splitting and merging will show if this pa-
rameter alone could be an indicator for splitting or merging. Combining orientation and
eccentricity together with mathematical conditions could also verify if these parameters
can be used together as tracking parameters for splits and merges. Merges are of special
interest because it might enhance convection and lead to severe thunderstorms.

13. Area - This is the horizontal area of a region defined as a CS. It is the actual number
of pixels in the region recalculated to metric values according to the resolution of the
processed image. For MTSAT-1R this means that the number of pixels is multiplied by
five since MTSAT-1R images provides a spatial resolution of 1/20 degree, hence one pixel
corresponds to about five kilometers. Since the analysis is done on a region very close to
the equator, no further computations are made for compensating for the curvature of the
earth. The longitudinal displacement of the satellite should be of more concern than the
latitudinal curvature of the earth but neither of them are taken into consideration in this
work.

14. Cold area - The area within a CS such that TB≤ 210 K. This area is used as an indicator
in an attempt to identify severe thunderstorms and to compute the fractional convective
area of a CS.

All information in the enumeration 1-14 described above is contained in a structure that or-
ganises all life cycles for each month and each IR-channel as illustrated in Table 2. The table
shows all information available for analysis in LC 43 from April 2006.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14
43 06041406 0 1 0.0000 9.15 102.77 0.4672 188 212 0.8712 -9 1781 832
43 06041407 1 1 0.6783 8.98 102.74 0.6838 186 206 0.7848 -0 3115 2130
43 06041408 2 1 0.7954 8.92 102.76 0.7842 183 202 0.7351 13 4077 3197
43 06041409 3 2 0.6911 8.17 102.69 0.7678 183 203 0.7234 72 6809 5228
43 06041410 4 2 0.8238 8.30 102.74 0.7822 183 203 0.7728 63 8778 6866
43 06041411 5 2 0.7762 8.83 102.86 0.7192 186 206 0.7683 63 12676 9117
43 06041412 6 3 0.8781 8.78 102.87 0.6364 188 208 0.7593 57 14281 9089
43 06041413 7 3 0.8908 8.81 102.84 0.5714 186 210 0.7490 53 14761 8434
43 06041414 8 1 0.7565 9.46 101.91 0.3895 186 214 0.8812 41 18324 7138

Table 2. This table represents the available data content in one life cycle. The columns represent data as
described in the enumeration 1-14 above.

The data above are suitable for time sequence analysis of the characteristics of individual life
cycle behaviour.

The tracking of splitting and merging is collected in another structure as in the example pre-
sented in Table 3 below. The first column is simply the life cycle identity from which a split
or merge is detected. The second column holds the time stamp from when the split/merge is
detected. The third column is the CS number of the splitting/merging CS, negative number rep-
resents a split detection and positive represents merge detection. Column four and five shows
the life cycles involved in the split/merge, and the last column is the correlation number for the
spatial correlation between the CSs where the split/merge occur.

Life Cycle Timestamp Split/Merge From LC To LC Correlation number
LC46 06041417 -1 46 47 0.3102
LC47 06041417 -1 47 46 0.3102

06041418 2 47 48 0.4209
LC48 06041418 1 48 47 0.4209

Table 3. Information about split and merge detection from all life cycles on 14 April 2006 were split
or merge events were detected. Negative number in the split/merge column, means split detec-
tion, positive number means merge detection and the absolute number represents the number of
splits/merges found in that life cycle.

The first and second row of Table 3, reveals that a split is detected at 06041417 and that it is
CS number one in LC 46 splitting into CS number one in LC 47. The spatial correlation was
computed to 0.3102 at the time of the split.

5.2.4 Constraints

One important constraint of this study, concerns the accuracy of the results achieved. Unfortu-
nately there are a lot of missing satellite images from the data series from MTSAT-1R during
2006 and the implementation of the MASCOTTE methodology in this study, only allow time
steps of one hour. This might impair the results of computed data like split and merge counts,
life cycle counts and life cycle lengths are likely to be inaccurate for times where satellite data
series are incomplete.
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Another issue is the size of the analysed region. It happens every now and then, that life cycles
enter the area from out side the region. Sometimes a life cycle enters the region as a fully ma-
ture storm and therefore a lot of interesting data are not seen and not included in the analysis.
Other times, life cycles enter the region and merge with life cycles already in the region. When
this happens in boundary regions, a lot of data is not included in the analysis, hence interesting
findings might never be discovered. Expanding the region would make it possible to track life
cycles coming from boundary regions which would provide more data to analyse, hence more
things to discover. Considering this, further analysis over a larger region will enhance the un-
derstanding of life cycle behaviour in the region. It may be favourable to chose region taking
land and sea formations in order to consideration. This would likely increase the possibility to
study the interaction between small intense convective systems and synoptic weather events.

6 Results

The results presented here are analysis of different aspects of structural properties within life
cycles. Annual distribution of the number of LCs, as well as mean life time and maximum life
time distribution of LCs are analysed. Fractional convective area, mean brightness and min-
imum brightness temperature are then compared between LCs. Finally, eccentricity and the
previous parameters (fractional convective area, mean and minimum brightness temperature),
and how they relate to each other, are compared within individual LCs. The purpose of the
comparison of mean and minimum brightness temperatures, fractional convective area and ec-
centricity in this study is to find out if the analysis with these parameters can be used as a tool
to discern more convectively intense life cycles.

6.1 Annual distribution of LCs

The yearly distribution of splitting and merging events detected in this study are presented in
Figure 6.1.1. Generally the analysis shows that merging is a more common event than splitting
except in October, where the number of splits slightly exceeds the number of merges. Moreover
there are no detected merges in February, November and December.
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Figure 6.1.1. Monthly distribution of splitting and merging events during 2006 using the threshold
value 235 K.

The only month with neither splits or merges detected is January, thus implying that this is the
peak of the dry season. This is also verified in Figure 6.1.2, demonstrating the annual pattern of
the occurence of detected life cycles, their mean life time and maximum life time distribution.
Here it is shown that January is the month with the least number of life cycles detected.
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Figure 6.1.2. Monthly variation of the occurrence of life cycles during 2006 for IR channel 1 and
threshold value 235 K. In a) the number life cycles found each month, b) mean life time of life cycles
each month, c) maximum life time of lifecycles each month.

As stated in the introduction, severe thunderstorms become more frequent events during the
onset of the monsoon season. Figure 6.1.2 shows how the number of detected life cycles in-
creases during the onset of the monsoon season (March to May). Although this is not the time
where the highest number of LCs are detected, the figure also shows that life cycles tend to be
more short lived during the onset of the monsoon season and that the longest living cycles are
found in the middle of the monsoon season. As severe thunderstorms are cases of convective
cloud systems with very strong convective activity, it is not necessary for them to have a long
life span. Their nature is rather short but intense. Therefore the results presented in Figure 6.1.2
suggests that severe thunderstorms might be more common during the onset. Other parame-
ters, like mean and minimum brightness temperatures, are important indicators for convective
strength in life cycles. Since very strong convection is expected in severe thunderstorms, it is
expected that the lowest brightness temperatures are found in life cycles assumed to be associ-
ated with severe thunderstorms.

A similar analysis of images from the water vapour channel, reveals that the number of life
cycles peaks twice a year. Once in April, which is during the onset of the monsoon season and
once in October which is towards the end of the monsoon season, as shown in Figure 6.1.3.
Since the brightness temperature in water vapour images relates to the atmospheric moisture
content, monthly mean and minimum brightness temperature variations represents information
about the yearly variations of the atmospheric moisture content. The peaks indicate that the
atmospheric water content is higher during April and October, which will improve the prereq-
uisites for thunderstorm development during this time.
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Figure 6.1.3. Monthly variation of the occurrence of life cycles found in water vapour images during
2006 for the threshold value 235 K. In a) the number lifecycles found each month, b) mean life time of
life cycles each month, c) maximum life time of lifecycles each month.

To further investigate the atmospheric conditions for severe thunderstorm possibilities, yearly
mean and minimum brightness temperature distribution within life cycles are studied. As
shown in Figure 6.1.4 the lowest temperatures appear during the onset period (March to May).
This indicate that thunderstorms occurring during this time are more intense then storms occur-
ring at other times of the year. According to the reasoning about ITCZ and the sun’s zenithal
latitude in chapter 2, these results are in line with expectations of what to find.
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Figure 6.1.4. Monthly mean and minimum brightness temperature distribution in all life cycles found
during 2006 using the threshold value 235 K.

Figure 6.1.5. Monthly mean and minimum brightness temperatures in all life cycles found in water
vapour images during 2006 for the threshold value 235 K.

Figure 6.1.4 shows that both the lowest minimum brightness temperatures and the lowest mean
brightness temperatures of LCs are found during the onset of the monsoon season, or at least
very early in the season. Since severe thunderstorms are assumed to possess the lowest temper-
atures (as explained in the theory chapter), this also indicates that severe thunderstorms should
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be more frequently found during the onset than at any other time of the year. Figure 6.1.5 shows
a similar distribution as Figure 6.1.4, but the data are taken from the water vapour channel. In
water vapour images, the brightness temperature corresponds to the atmospheric water vapour
content, as explained in chapter 4. Therefore the mean brightness temperature distribution
represented in Figure 6.1.5, confirms that the atmospheric water content on average is higher
during the onset period. The minimum brightness temperatures seen in the same figure may
only represent single values, hence the mean temperatures better represents the atmospheric
water content on average.

As can be seen in Figure 6.1.4, remarkably cold cloud top temperatures are found during the
onset of the monsoon season. The minimum cloud top temperatures in June 2006 was found to
be 167 Kelvin, and all the minimum temperatures during the onset period are remarkably cold
(approximately 170 K/-103◦C). This indicates very high cloud tops and very strong convec-
tion. To put this in relation to the normal atmosphere over Thailand, atmospheric temperature
profiles from sounding data achieved form four different locations are shown in Figure 6.1.6,
to display the approximate height of the coldest temperatures in this region. The locations are
Bangkok, Songkhla, Ubon Ratchathani and Chiang Mai respectively.

(a) (b)

(c) (d)

Figure 6.1.6. Temperature profiles from rawinsondes over: a) Bangkok (13.72N, 100.56E); b)
Songkhla (7.19N, 100.59E); c) Ubon Ratchathani (15.25N, 104.87E); and d) Chi-
ang Mai (18.78N, 98.98E), on 00Z 14 April 2006. Station locations are given in
parenthesis after each station Source: University of Wyoming (Department of Atmo-
spheric Science, 2007).
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As the graphs show, the minimum temperatures of the atmospheric temperature profiles occur
approximately at a height of 17 km and at -80◦ Celsius. In comparison to these profiles, the
remarkably low temperatures (e.g. 167 K/-106◦C) shown in Figure 6.1.4, indicate cloud tops
widely overshooting the tropopause. An explanation to this is that very strong convection
make clouds continue to rise through the tropopause despite the fact that they enter a stable
environment. When the cloud penetrates the tropopause its momentum caused by the strong
convection will prevent the stable conditions to immediately slow down or stop the rising air.
Therefore it will continue to adiabatically cool down as long as it gains height and that is the
reason why such low temperatures can be achieved.

6.2 Comparing parameters of life cycles to discern severe thunderstorms

In an attempt to discern more convectively intense life cycles, structural properties are com-
pared between a number of LCs during dates where severe thunderstorms has been reported.
The fractional convective area, mean and minimum brightness temperature development re-
spectively, are compared between all life cycles found on 14 April 2006. Several severe thun-
derstorms have been reported throughout the year of 2006, but 14 April was chosen as a date
of reference to demonstrate the results achieved in this study. Figure 6.2.1 shows a comparison
of the minimum brightness temperature between all life cycles found on 14 April 2006.

Figure 6.2.1. Comparing minimum brightness temperature between life cycles found on 14 April 2006.

This Figure shows that LC 45, 46 and 49 are not so interesting candidates as systems to develop
very strong convection, as they show the warmest minimum temperatures throughout their life
time. Their minimum temperatures also increases throughout their life time, which implies that
they are about to decay. In order to better understand the strength of the convective activity, the
same type of comparison is made using the mean brightness temperature. As shown in Figure
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6.2.2, only LC 43 and LC 47 has minima’s for the mean brightness temperature which implies
they are the most convectively intense life cycles.

Figure 6.2.2. Mean brightness temperature comparison between seven life cycles found 14 April 2006.

The mean temperature curve of LC 43 is almost 15 degrees colder than that of LC 47. A third
parameter, fractional convective area, is compared to emphasise the differences in convective
activity between the LCs, as shown in Figure 6.2.3. The graph shows a significant difference
in the behaviour of the fractional convective area between LC 43 and the other life cycles.

Figure 6.2.3. Comparing the fractional convective area between life cycles found on 14 April 2006.
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The peak in LC 43’s fractional convective area suggests stronger convective activity within that
region compared to the other life cycles.

6.3 Comparing three parameters within individual life cycles

The previous reasoning elucidated how minimum brightness temperature, mean brightness tem-
perature and fractional convective area could be used as tools to discern more convectively
intense life cycles. Combining all these parameters in a single life cycle will provide under-
standing of how these variables relates to each other and how they depend on each other in
order to enhance convective activity in life cycles. As concluded above, LC 43 is an interesting
candidate as a life cycle comprising a severe thunderstorm. Figure 6.3.1 illustrates the relation-
ship between the mean brightness temperature, minimum brightness temperature, fractional
convective area and eccentricity within LC 43. The eccentricity is included to the compari-
son as a shape monitoring variable. As described in chapter 5, the eccentricity can reveal the
presence of strong vertical wind shear.

Figure 6.3.1. Relation between eccentricity, fractional convective area, mean and minimum brightness
temperatures in LC43.

The graph demonstrates how mean and minimum brightness temperatures simultaneously de-
creases while the fractional convective area increases. Also the minima’s of the mean and
minimum temperatures coincide with the maximum of the fractional convective area. This is
followed by a simultaneous increase of the mean and minimum brightness temperatures, while
the fractional convective area decreases. In other words, what is seen here is how all three
parameters simultaneously changes to benefit convective activity, reaching their minima’s and
maxima’s, followed by a simultaneous change in the opposite direction to suffocate convection.
The eccentricity curve demonstrates a high and constant value throughout the life cycle, impli-
cating an elliptical shape. Constancy of the eccentricity number implies little or no change in

26



shape of the LC, which in turn indicates little or no vertical wind shear.

Figure 6.3.2 to 6.3.4 the result of the variable comparison analysis of LC 46, 47 and 48.

Figure 6.3.2. Relation between eccentricity, fractional convective area, mean and minimum brightness
temperatures in LC 46.

As can be seen in Figure 6.3.2, the parameters compared in LC 46 imply that this life cycle
is decaying. The fractional convective area decreases and disappear. Both the minimum and
mean brightness temperatures steadily decrease throughout the life cycle. The shape of this
LC, as indicated by the eccentricity parameter, in almost that of a line, implicating little or no
vertical shear because of the similarity in shape throughout the life cycle.

Figure 6.3.3. Relation between eccentricity, fractional convective area, mean and minimum brightness
temperatures in LC47.

The behaviour of LC 47, shown in Figure 6.3.3, shows a slight gain in convective intensity
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at the early stage of the life cycle, but towards the end decaying behaviour is implicated by a
decrease in fractional convective area as well as a decrease in mean and minimum brightness
temperatures. For this life cycle, the eccentricity value is slightly lower than for LC 43 and
46, thus indicating a shape slightly less line-like but still not near circular shape. As for the
previous life cycles, the eccentricity parameter indicates little or no vertical shear due to the
shape constancy showed throughout the life cycle.

Figure 6.3.4. Relation between eccentricity, fractional convective area, mean and minimum brightness
temperatures in LC48.

The parameter comparison of LC 48, as can be seen in Figure 6.3.4, shows a similar decaying
behaviour as for LC 46 and 47, with the exception of the increase in minimum brightness
temperature at the end of the life cycle.

6.4 Visualised example

This section describes and displays the evolution and interaction between LC43, LC46, LC47
and LC48 on 14 April 2006. The purpose of the description is to visualise the behaviour of
these life cycles in terms of split/merge events, life time and propagation. Figure 6.4.1 shows
the evolution of LC43, and as can be seen in this Figure, LC43 is extinguished at 06041414.
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure 6.4.1. The evolution of LC43 on 14 April 2006.

As Figure 6.4.1 and Figure 6.4.2 demonstrates, there are similarities between the last hour of
LC43 and the first hour in LC47 (06041414). The life cycle starting from 06041416 as LC47,
is likely to be an extension of LC43 considering the fact that there is one missing image at
06041415. This implies that LC 43 could be a longer living life cycle in reality than as detected
here.
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(a) (b) (c)

(d) (e) (f)

(g) (h) (i)

Figure 6.4.2. The evolution of LC47 on 14 April 2006. The missing image from 06041415 would
likely link LC43 and LC47 as one life cycle.

In this analysis this is counted as two individual life cycles, but in reality it is likely to be one
life cycle that is misinterpreted in this analysis because of the missing image.

The analysis showed that there were splitting and merging events occurring in LC46, LC47 and
LC48. Split and merge detections concerning all life cycles on 14 April are presented in Table
4 below. The interpretation of the information in this table is explained in detail in chapter 5
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Life Cycle Timestamp Split/Merge From LC To LC Correlation number
LC46 06041417 -1 46 47 0.3102
LC47 06041417 -1 47 46 0.3102

06041418 2 47 48 0.4209
LC48 06041418 1 48 47 0.4209

Table 4. Information about split and merge detection from all life cycles on 14 April 2006 were split
or merge events were detected. Negative number in the split/merge column means split detec-
tion, positive number means merge detection and the absolute number represents the number of
splits/merges found in that life cycle.

Figure 6.4.3 shows the evolution of LC46 which is detected as a splitting branch of LC47 as
can be seen in Table 4.

(a) (b) (c)

(d) (e)

Figure 6.4.3. The evolution of LC46 on 14 April 2006. LC46 is a splitting branch of LC47 at 06041416.

Figure 6.4.4 shows the evolution of LC 48, which is merging into LC 47.
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(a) (b) (c)

Figure 6.4.4. The evolution of LC48 on 14 April 2006. LC48 is merging into LC47 at 06041418.

As the figures shows, LC 48 enters the analysis region from the East merging into LC 47 at
06041418. The merge may explain the decrease in minimum brightness temperature at the end
of LC 48 seen in Figure 6.3.4 as well as the mentioned gain in convective activity in LC 47
shown in Figure 6.3.3.

6.5 MASCOTTE Thailand VS MASCOTTE South America

To give a clarifying example of the results in this study, a table of data including statistical
result from the MASCOTTE study over South America is presented in Table 5. A similar table
is shown Table 6 containing statistical data collected from this study, applying MASCOTTE
methodology over Thailand.

Total CS 1724
Total life cycles 431
Life cycles with merging(CS satisfy the T-R criteria) 129 (30% of life cycles)
Splitting during life cycles (CS satisfy the T-R criteria) 133 (8% of total CS)
Total flags for merging (CS do not satisfy T-R criteria) 186 (11% of total CS)
Total flags for splitting/sinking (CS do not satisfy T-R criteria) 226 (13% of total CS)

Table 5. MASCOTTE summary during 12-18 Feb: total number of CS that satisfy the T-R criteria, total
number of life cycles, number of life cycles that end up merging, and number of splitting/sinking
and merging flags in association with systems that do not satisfy the T-R criteria. One-hour time
interval between images is considered (Source: Carvalho and Jones, 2001).
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Total CS — not evaluated
Total life cycles 144
Life cycles with merging(CS satisfy the T-R criteria) 46 (32% of life cycles)
Splitting during life cycles (CS satisfy the T-R criteria) 32 (22% of total life cycles)
Total flags for merging (CS do not satisfy T-R criteria) — (not computed)
Total flags for splitting/sinking (CS do not satisfy T-R criteria) — (not computed)

Table 6. Summary of statistical data applying the MASCOTTE methodology over Thailand during April
2006: total number of CS that satisfy the T-R criteria, total number of life cycles, number of life
cycles that end up merging or splitting. A one-hour time interval between images is considered.

The tables presented above are a comparison of statistical data achieved by Carvalho and Jones
(2001) using MASCOTTE and statistical data collected from the analysis conducted in this
study. When comparing the statistical data presented in these tables, it is important to consider
the following facts:

• The size of the analysed region differs significantly. The region studied by Carvalho and
Jones (2001) is significantly larger than the region analysed in the study presented here.
Therefore the effect of ITCZ will differ between the regions.

• The latitudinal span differs significantly, which again is a reason why ITCZ will affect
the regions differently.

• The two studies differ both in terms of time frames and time of the year when the analysis
where conducted.

These factors are some of the possible causes of the differences seen in the statistical data pre-
sented in Table 5 and Table 6 that has to be taken in to consideration when comparing the site
results. The MASCOTTE study by Carvalho and Jones (2001) was performed in the Brazilian
state of Rondonia in the Amazon basin. The satellite surveillance area of their study extends
from 12.5◦N to 18.5◦S and from 34.0◦W to 82.0◦W. This area almost cover the entire tropi-
cal South America and it is a significantly larger area than the region analysed in this study,
extending from 22.0◦N to 5.0◦N and from 97.0◦E to 106.0◦E. Considering the topographical
differences, where the large area over the Amazon basin is basically one big continent, and the
Thailand region consists of more oceanic areas, thus making the atmospheric conditions differ-
ent over this region. Moreover Figure 2.2.1 reveals a very different behaviour of ITZC between
the two regions, elucidating the differences of atmospheric properties that can be expected. In
this figure ITCZ is illustrated as a line segment over South America both in January and in July.
This representation is not representative over Thailand due to the topographical differences.

As can be seen in Table 5 and 6, the percentage of detected merges are similar between the two
sites but the split detection differs significantly. This difference could possibly be a result of the
regional differences described above. Since splitting usually is associated with decaying life
cycles, this might be coupled to the rate of which life cycles develop. A topographical expla-
nation to this might be the differences in land/sea distribution, causing the atmospheric water
vapour content to be different. As an example, life cycles detected over land, may consume all
available atmospheric water vapour content and therefore decay faster than life cycles detected
over oceans where there is a more or less continuous supply of water vapour. For that reason,
splits may not be detected if the decay process is faster than the time resolution of the analysed
image sequence.
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7 Discussion

Using a one hour time step constraint (see chapter 5), might affect the accuracy of the results
achieved in this study, considering that there are a lot of missing satellite images from the
data set used in this analysis. Since the implementation of the MASCOTTE methodology in
this study only allows time steps of one hour, results like split and merge counting, life cycle
counting and life time evaluation, might not be accurate in this study. Further analysis needs to
be done where two or even three hour time steps are allowed, to elucidate the accuracy of such
approach, especially in terms of split/merge counting, life cycle counting of life time evaluation
of LCs. Even better would be to perform a similar analysis on a complete set of images.

The size of the region analysed has a strong impact on the results. It happens every now
and then, that life cycles enter the analysis region as to some degree developed convective
systems. When this happens a lot of interesting data are not captured and therefore not included
in the analysis. Other times, life cycles enter the region and merge with life cycles already
in the region. When this happens in boundary regions, split and merge detections might be
lost. Expanding the region would increase the accuracy of split and merge detection as well
as providing more data to include in the analysis of the specific region. Considering this,
further analysis over a larger region will enhance the understanding of life cycle behaviour in
the region. It may be favourable to chose region taking land and sea formations in order to
consideration. This would also increase the possibility to study the interaction between small
intense convective systems and larger synoptic or mesoscale weather phenomena.

7.1 Threshold values

The threshold values used in this work, such as 235 Kelvin for the maximum allowed tempera-
ture within a CS, and 210 Kelvin as a threshold value to ensure strong convection are probably
sensitive to local variations. Therefore it might be preferred to test other threshold values over
specific areas in order to determine appropriate values to use for specific regions. Test runs
during this analysis (not presented here) indicated that the use of lower threshold values prob-
ably could be used if the purpose is to look specifically for areas with very strong convective
activity. Moreover, test runs indicated that a lower threshold value for the maximum allowed
CS brightness temperature also might require a lowering of the threshold value used to ensure
strong convection.

7.2 Annual patterns

As shown in Figure 6.1.3, there are two peaks of the amount of detected life cycles occurring in
April and October, suggesting higher atmospheric water content two times a year. One reason
to adopt this result as accurate is the fact that those peaks coincide quite well with the time
where the sun’s zenithal latitude is over Thailand as shown in Figure 2.2.1. This is the time
of the year when Thailand is exposed to its maximum incoming solar radiation and it is a sit-
uation with favourable conditions for extreme differential heating, which in turn is favourable
to convection. Differential heating is the main cause of sea breeze and wind blowing from the

34



sea towards land. If the sea is warm, as in the tropics, this will move vast amounts of moisture
from the air overlying the sea to the air overlying land. Since land masses have a tendency
to warm faster then oceans, this makes a very favourable situation for thunderstorm develop-
ment. This discussion explains the peaks and in the water vapour channel analysis but leaves an
unanswered question, namely why are severe thunderstorms reported as more common events
during the onset (the first peak) and not during the time where the second peak appears? The
answer might be that towards the end of the monsoon season, the sun is migrating southwards
and the expected overlaying wind pattern is generally directed from land rather than towards
land as is the case during the onset. Therefore the situation during the onset will naturally bring
more moisture to the air overlaying land. Although the only thing seen in this analysis is an
increase of atmospheric water content in the region two times a year, according to the above
reasoning it is very likely that there is even more water in the atmosphere during the onset,
which also explains the more frequent occasions of severe thunderstorms during this time of
the year, because a high level of atmospheric water vapour content increases the potential for
convective development.

Moreover, as shown in Figure 6.1.4 and 6.1.5, the lowest mean and minimum brightness tem-
peratures where also found during the onset period. This further strengthen the above reasoning
since very strong convection can result in cloud tops overshooting the tropopause and continue
to cool adiabatically as long as they are ascending, hence the very cold temperatures.

8 Conclusions

An implementation of the MASCOTTE methodology, used to study characteristics of convec-
tive cloud cluster formation over Thailand has been presented. The methodology used in this
study appeared to be a powerful way to track convective systems in satellite images, with the
purpose to study differences in convective activity. The findings in this study matched the
expectations of what to find from theoretical reasoning, considering convective strength and
appearance of convective cloud systems throughout the cause of a year (2006 used as an ex-
ample in this study). Although the results in this thesis may not be directly comparable with
the findings of Carvalho and Jones (2001), due to the differences in the implementation of the
MASCOTTE methodology, the results imply that this methodology successfully track convec-
tive cloud systems over Thailand. In fact this method could be applicable in any region where
it is desired to study the development of convective systems and their structural properties. The
results presented are thought to demonstrate the simplicity of the MASCOTTE methodology
and how it can be used over Thailand and other tropical regions to study structural proper-
ties of thunderstorms through satellite image analysis. In this study, results of comparisons of
structural properties within individual life cycles were presented in a simple way to point out
the possibilities to use this methodology as a tool to study tropical cloud cluster formation and
their structural properties, focusing on the degree of convective activity. Parameters as frac-
tional convective area and mean and minimum brightness temperatures showed to be useful
indicators when studying the development and behaviour of life cycle convective activity.

Further work on this topic might lead to findings of how severe thunderstorms can be discerned
from ordinary storms through the use of satellite image analysis. As mentioned in the introduc-
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tion this is desired because of the large areal coverage provided by satellite images. Moreover,
if there is a way to automatically find and classify severe thunderstorms through satellite image
analysis, this would highly increase the possibility to forecast such events. Especially if rapid
scan imagery is used, where the time interval between available images could be much shorter
than the one hour time step used in this study

8.1 Combined studies suggestion

Satellite imagery perhaps provide us with the most complete picture of the spatial distribution of
clouds. However, many important cloud characteristics are currently very difficult to remotely
measure. Therefore it is believed that an analysis like the one conducted in this study could be
combined with an analysis with the same purpose conducted with ground-based active remote
sensors, such as RADARs and LIDARs. Such study would most likely be beneficial for both
the satellite image analysis and the ground-based active remote sensor analysis techniques.
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