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THE ROLE OF MESO-SCALE CONVECTIVE COMPLEXES
(MCCs) ON HATAY FLOOD OF MAY 8, 2001

Ali DENIZ, Hiiseyin TOROS and Mikdat KADIOGLU
Istanbul Technical University, Faculty of Aeronautics and Astronautics, Department of
Meteorology, 80626, Maslak, {stanbul.

ABSTRACT

This article investigates on the cause of the recent Hatay flood thai occured in May 8,
2001 in Turkey. For this reason, first meso-scale convective complexes (MCCs) have been
presented, then it is questioned in Haiay flood is a resulf of MCCs, To forecast these kind of
convective events, kinematle and thermodynamic analyses are necessary.  This paper also
discuses the various mechamisms thai cause strong and long lasiing precipitation and thus

floods.
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1. INTRODUCTION

It is easier to forecast the precipitation that occurs as a result of frontal systems of
cyclones than that due to orography. By studying small-scale convective precipitation that is
hard to predict by models can be determined by studying previous hurricane and flood events,
In the middle latitutes where Turkey is, there are generally active cyclones and stratiform
clouds are most common, These clouds cause stable precipitation that are not convective,
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However, toward the end of spring and beginning of summer, there are deep convective
clouds and their convective precipitation characterized by the small-scale air movements.
Strong precipitation that caused loss of wealth and life in Hatay has also been seen in differem
flood events occured near Ankara in August 1982, in East Anatolia in May 1991 and in
Marmaris 1999, In all of these events seen in Turkey, flood and overflowing occured due to
unexpected and unpredicted excessive precipitation.

In this paper, we intend to analyze the meso-scale meteorological structure that is
effective in the Hatay flood by using numerical and kinematical methods. But because of the
flood daia for this event were not sufficient to apply the objective and kinematic analysis
methods we used, here we will only describe how these events must be analyzed using
numerical models, and which data and methods are needed. Therefore first an introduction to
meso-scale meteorological conceptions was given followed by the examples of storms and
floods occured over the world were investigated. Then, MCCs have been discussed as a cause
of Hatay Flood Beginning and development mechanisms for Hatay flood have been
advocated by sketches in order to study and bring some explanations on the cause of these
kind of flood events.

2. MESO-SCALE CONVECTIVE COMPLEXES (MCCs)

Convective systems are generally distinguished the wvertical turbulent heat and
momentum flux, (Weisman and Klemp, 1986). The structure of convective systems can be
determined by radar ecoes, cloud patterns by satellites, surface cloud observations, wind
patterns by Doppler radar and distructions at the surface. In convective systems, buoyancy
force is necessary to rise the air. This force can be determined by using various kind of
instability indexes like Lifted, Showalter, Total-totals, K and the other instability indexes, The
most apprepriate measure, however is the convective available potentinl energy, (Cotton,
1990), The direction of vertical wind plays an important role in development of convective
systemns. Convective systems are generally grouped as a simple, a good many and super cells,
These convectlve cells sometimes organize into meso-scale systems and form meso-scale
convective complexes (MCCs), (Maddox, 1980). MCCs, which are seen in the form of a line
or a band, are also known as squall lines, MCCs can not be predicted by the numerical
weather prediction models. [nstantaneous flood in Johnstown city, USA, in July 20, 1977
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caused to death of 76 people. Bosart and Sanders (1981) showed that this flood was caused by
the MCCs, Otherwise they showed that this MCC can be estimated 4 days before,

By development of satellite technologies, satellite pictures of the clouds in various
spectral wavelengths were taken. The analysis of these satellite pictures showed that
convective systems for synoptic and meso- scales in length of 250.2500 km and in the
period of greater than 6 hours cause excessive precipitation and flood in USA especially in
summer months and generally at night. Maddox (1980) analyzed satellite pictures at the
enhanced infrared radiation for many precipitation and flood events and found the group of
meso-scale convective cells in the pictures, Following this, similar studies on floods have
been applied for many events like in Johnstown. Some of these studies showed that MCCs
caused a lot of flood in other countries as well, (Velasco and Fritsch, 1987),

MCCs and other convective precipitation storms are called meso-scale sysiems,
Because these systems are spatially too small, they can not be determined by routine synoptic
radiosonde observations. The quantity, organization, movement and life phases of a
convective system can be followed from satellite pictures. Maddox ( 1980) has given some of
MCC physical properties seen in the satellite pictures. According to Maddox, however, in
addition to satellite pictures, simultancous other observations are also necessary to know more
about interior structure of MCCs and their physical mechanisms,

Some of general properties of MCCs determined from the analysis of worldwide
Events are;

I. Inthe development phase of MCC atmosphere has a barotropic structure. On the other
hand, vorticity advection is weaken and thermal advection is strong in the lower
atmosphere,

2. Low level jetstream carries the air which has high equivalent potential temperature
into MCC,

3. Before MCC, potential buoyant energy computed from radiosonde observations is
greater than surroundings in the MCC region. For example, in this situation the typical
value of lifted index is equal 10 -4 or less than —4. It is generally is -7. Total-totals
index is greater than 50, [t is generally 60.

4. The transfer of MCC3 from beginning to development phase occurs generally at night,
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5, Most of MCCs occur ever mountains and in the wind direction,

6. The development of MCCs is generally observed in the anticyclonic part of upper
level jetstreams.

7. MCCs move towards right hand side of air flow at the level of cioud layer and this is
generally in the direction of thermal wind vector.

3. NUMERIC, KINEMATIC AND THERMODYNAMIC ANALYSIS

In the meso-scale analysis of meteorological conditions that result in a flood it is
necessary to determine the distribution of themodynamic parameters such as equivalent
potential temperature, to compute the instability indexes and to investigate low level
jetstreams by vorticity and thermal advections. All of them must be simultaneously computed
by using objective methods. Therefore numerical analysis programs that compute wind
velocity and direction, divergence and the scaler grid values of vorticity and deformation are
prepared for an exact determination of air flows and an analysis of synoptic maps in the flood
region. Vorticity, divergence, streching and shearing deformation terms contain the partial
differentials. The finite difference methods used in the solution of partial differential
equations are need to carry the values of temperature and pressure (or contour) from observed
stations to the grid points. Presently we are using Cressman (1959) objective analysis method
10 obtain the grid values. However Cressman objective analysis method has not given good
results in lraq, Iran, Turkey and neighbouring countries because of lack of data. Convective
motions are related to instability structure of atmosphere and to determine the instability of
the atmosphere various instability indexes were developed, 10 instability indexes applied to
Atatiirk Airport by using temperature and dew point temperature inputs, (Faruk, 1992 and
Yiicel, 1993), This kind of instability indexes and their eritic values have to be used in flood
regions. Still the use of instability indexes may not be correct method to analyse and forecast
of convections. By using numerical methods, it is possible to reveal three dimensional
structure of the precipitation stroms,
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4, HATAY FLOOD ( MAY 8, 2001) AND ITS NATURE

Is MCC the reason of Hatay flood occured in May 8, 20017 The answer of this
question may be given by using surface observations. Flood in Hatay and its surroundings
have a period of more than 6 hours. This shows that the scale of flood is meso-at. Also low
pressure centre in the upper levels and lower troposphere have a barotropic structure, ( see
synoptic maps of DML), If the strongest precipitation affects the arca, floods caused by MCCs
are expected 10 be on mountains and is the direction of wind, (Erdogmug, 1991). Floods
caused by MCCs especially occur at nights, but this is not general rule. In the literature, it is
seen that convective systems on mountain areas may be most active during daytime especially
afternoon, (Karr and Wooten, 1976; Maddox at all, 1980). As a result Hatay flood (May 8,
2001) may be resulted from MCC, How did this MCC or other meso-scale convective system
oceure T What are the triggers and the development mechanism 7 Prior to the flood day in
May 8, the mid level atmosphere is cooler and more unsteble than its surrounding. Therefore
convective clouds cause the strong precipitation, (Bilgin and Boguglu, 1991). In addition,
Mediterranean that has higher temperature than land may transport humidity over the region.
The formation of convective clouds and beginning excessive precipitation which caused flood
in Hatay can be summarized in Fig. 1 as follows:

1. Mountains block dry and severe (heavy) air.
2. The air which has high temperature and more humidity climbs towards mountain and
cools adyabatically.
3. When hot air cools, some of its moisture will be free, Then convective/orographic
clouds occur and lightning, precipitation begins.
Fig. 2 shows the mechanism of convective precipitation. It is suggested that due to the
following meteorological reasons, Hatay flood became even stronger with excess of
precipitation:
1. Strong winds at the surface carry the humid air towards mountains.
Mountains exert the humid air to rise.
When the air rises, the moisture in it begins to condense and precipitation occurs.

E oM R

Because of cold center in the upper levels, convective cloud transforms into
cumulunembus {Ch). At this level that has closed low pressure centre and weak winds,
Ch does not move and it causes floods in the same region.
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Figure 1: The trigger mechanism of excessive precipitation in Hatay floods in May §,
2001, ( Kadoglu and Deniz, 1993).

Figure 2: Vertical structure of Hatay floods in May 8, 2001 ( Kadoflu and Deniz, 1993)
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5, SUMMARY AND CONCLUSIONS

Ch clouds provide the precipitation in many places in the mid latitudes of the warld
for the season of growth of plants, These clouds also supply the water needed for the plants
and human beings. At the same time Cb cloud's instantaneous excessive precipitation gives
way to the death of human beings, house pets and wild animals, Thus destroying nature's
balance, and bringing great economic losses, The amount of rain a rain storm produces is
directly connected with the organization and structure of the system, the general circulation of
atmosphere, including small convective clouds, and with many scales of the air system,

The rain caused by rain stroms is related, in great degree, to the value of humidity in
the earth's low layers and upper levels. Sudden raing and floods do appear when the
armospheric patterns do not seem to be dangerous and when good weather is expected. When
excessive rains are present strong winds ( low level jetstreams ) support the strom with
moisture. Thus when moisture laden low level jetstreams climb on mountains floods occur
While the low level jetstreams climb on mountains, over a period of time, leave their moisture

as rain over the mountain tops and valleys thus causing floods,

The moderate and weak winds in the atmosphere along with the changes in moderate
horizontal and vertical winds ofien lay the ground for the conditions of excessive
precipitations. As has happened in Hatay flood motionless weak winds in the mid levels

caused precipitation in the same area for a long time.

To forecast in advance the reasons for excessive precipitation we need real time
observations and data, These observations can be obtained only before and during the danger
operations by meteorological radar and satellites, Along with this, it is also possible to make
kinematic and thermodynamic analysis by surface and upper air observations of the systems
that cause floods. [n obtaining the necessary data we have to disregard focusing on excessive
rains but look for the times when convective systems, which cause floods, are active. To
obtain this data to increase the number of radiosonde observations may be valuable.

In conclusion to forecast excessive precipitations which cause floods and overflowings
it is important to obtain all the necessary available data both from abroad as well as
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domestically. These data should include the radiosonde observations, satellite pictures and
other metecrological parameters, By using this data the values of grid points should be
obtained by numerical models. As a result the observations of convective precipitation
systems and its local distributions will be determined and the climatology rain storms in
Turkey will be brought out,
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