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INVESTIGATING ATMOSPHERIC INSTABILITIES POSING THRE AT TO
MARITIME NAVIGATION BY MEANS OF Q-VECTORS AND
FRONTOGENETIC FUNCTION

Summary. Atmospheric instabilities, e.g. frontal zones witizardous phenomena such as
strong winds and intensive precipitation, poseathte maritime activities including naviga-
tion. Capability to diagnose and forecast suchgsses may significantly reduce risk of casu-
alties and damages to vessels or cargo. The pegsamts a selected method of atmospheric
instabilities analysis by means of mathematical jgimgsical interpretation of the Q-vectors
properties and their relation with the scalar fogenhetic function. A cartographic coordinate
system for simultaneous analysis of GRID numedegh and satellite images - an aid devel-
oped for support of atmospheric instabilities itigadion - is also presented.

BADANIE NIESTABILNOSCI ATMOSFERYCZNYCHNIEBEZPIECZNYCHDLA
ZEGLUGIMORSKIEJZ WYKORZYSTANIEM Q-WEKTOROWI FUNKCJI
FRONTOGENETYCZNEJ

Streszczenie Niestabilngci atmosferyczne, np. strefy frontow z niebezpigozin
zjawiskami pogody, jak silny wiatr lub intensywnpaaly atmosferyczne, stanawia-
grazenie dla wszelkich dziatana morzu, w tym dlaeglugi. Madiwosci diagnozowania i
prognozowania takich procesbw magnacaco zmniejszy ryzyko ofiar w ludziach i usz-
kodzer statkdw lub ich fadunku. Artykut przedstawia wyfgranetoa analizy niestabilni
atmosferycznych za pompmatematycznej i fizycznej interpretacji wtascioQ-wektorow i
ich relacji ze skalaenfunkcja frontogenetyczin Przedstawiono rowniekartograficzny uktad
wspétrzdnych do jednoczesnej analizy danych numerycznyRIDG zobrazowa sateli-
tarnych — narglzie opracowane w celu utatwienia badania niestadail atmosferycznych.

1. INTRODUCTION

The characteristics of frontogenetic function eeabase for evaluation of conditions of frontsiag
and formation. These characteristics are also égbéc include clouds systems and atmospheric pheno
ena on the front. The characteristics are in uséfecasting the synoptical situation, which inlgs the
expected location, evolution and movement of pressystems, atmospheric fronts and characteristic o
oncoming air masses. The method of Q-vectors ustiki study is still unexplored in practice. Thethod
has become a base of calculation of vertical mom&néheir sign and intensity. The areas of Q-vscto
point the areas of convergence and divergenceeifigll of atmospheric flow, and thereby regionsaief
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cending and descending air movements appearaneecaltulation on their base frontogenetic function
determines areas of frontogenesis and frontolitsigositive value means extension or origin ofean
front system, the negative value — the front dap.

2. RELATIONS BETWEEN Q-VECTORS AND THE FRONTOGENETIC F UNCTION

The frontogenetic function is commonly used to stigate atmospheric instabilities, such as fronto-
genesis and frontolysis. It is a function that baly positive values for any arguments but its\ddive
with respect to time can have both positive andiiegvalues. It is an example of so called Lapunoe-
tions which are applied to investigate instabdited numerous processes, including the atmospbees
[4, 7].

The foIIowing forms for the frontogenetic functibgconcern 2D adiabatic geostrophic flow:
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where:Dy[1] H]/Dt - substantlal derivative of the module of potentgahperature gradient.

According to (1.1) the functioR, is a measure of the change of the module of patéemperature
gradient of an individual air sample in geostrogtuas [4, 7].
Equation (1.1) may be rewritten in the followingrfo
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The form (1.2) indicates that the frontogenetice@f are caused by non-adiabatic processes,
D,dDt=0, and by horizontal advection of inhomogeneous Vieid.

In this case non-adiabatic processes are not @vadiéind it is assumed thyADt=0. It means that
the frontogenetic effects are related with fielfishe potential temperature gradient and geostcofhiniv
velocity. Substituting Q-vector components with:

D, faug -0 D, favg - +Q
Dt| “op ) °° Dt| op )

the frontogenetic functioRy may be presented in the following form:

(2)
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The frontogenetic function determines regions winens frontal zones develop (frontogenesis) in ar-
eas where tendency for increasing the horizongalignt of temperature is observed. In the opposie
old frontal zones dissipate (frontolysis). Thedualing two figures present model cases of frontogiene
(Fig. 1a) and frontolysis (Fig. 1b) processes [4].

Fig. 1a presents a 2D model case of the frontogepexcess in which large scale geostrophic field i
creases the air temperature gradient. The cironla@itross the atmospheric frontal zone correspinds
thermal vortex with ascending warm air and descendold air. A clear geostrophic flow in the dirent
of the warm air mass is observed on a lower leffledatmosphere. In this case the Q-vectors asetdd
from the cold to the warm air mass.
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In case of the frontolysis process (Fig. 1b) thigdascale geostrophic field decreases the air tempe
ture gradient. The Q-vectors are directed fromwhen to the cold air mass. The circulation acrbss t
atmospheric frontal zone corresponds to a therprédx with ascending cold air and descending warm a
[4].
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Fig. 1. a) 2D model case of the frontogenesis m®¢arrows depict Q-vectors); b) 2D model cas@efiton-
tolysis process (arrows depict Q-vectors). (B. dskihs, M. A. Pedder, 1980)

Rys. 1. a) Dwuwymiarowy model procesu frontogengtrzatki wskazuj Q-wektory); b) dwuwymiarowy model
procesu frontolizy (strzatki wskazuf)-wektory). (B. J. Hoskins, M. A. Pedder, 1980)

3. ACOORDINATE SYSTEM FOR SIMULTANEOUS ANALYSIS OF SA TELLITE
IMAGES AND GRID DATA

A common coordinate system is required for simeltais analysis of satellite images and meteoro-
logical elements derived from GRID data. GRID dataprovided in an angular grid of a spherical disor
nate system while satellite images are a projecfi@mospheric radiation onto a plane [1, 2, 3].

The analysis described above may be supported agawd a technology of superimposing meteoro-
logical information above geostationary satelliteges which was developed in the Meteorology Sectio
of the Military University of Technology. It enalkléo convert satellite images to numerous cartbigap
projections used in meteorology. The uniform angegatographic projection was used for preparirtg da
for this paper. In this case the relation neceskargalculations may be obtained by introducingoan
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thogonal coordinate system on a local f-plane,ai.plane that is tangential to the sphere at tlm pb
(Ao, 90) and rotating with the angular speed of the pdidsin(gy) (Q - speed of rotation of the Earth) [2, 6].

Fig. 2. Local orthogonal coordinate system forftheplane. a — the sphere radiug;, ¢o) - geographical coordi-
nates of a regular node of the GRID; (x, y) — tbdais coordinates in the local system

(K. Kroszczyiski, D. Chatadyniak, 1996)

Rys. 2. Lokalny prostatny uktad wspotrzdnych dla ptaszczyzny f. a — promisfery; (o, @) — wspotrzdne
geograficzne wzla sieci GRID; (x, y) — wspétezine wezta w uktadzie lokalnym

(K. Kroszczyiski, D. Chatadyniak, 1996)

To determine the components of the Q-vector inlabal orthogonal coordinate system on the
plane we use the following relations [6]:
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Hence:
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and:
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Finally:
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In the forms above, the cag) was replaced with cog( because the Q-vector components are calcu-
lated for each node of the regular angular GRIEhé corresponding local orthogonal coordinate syste
[6]. The scalar frontogenetic function has theoielhg form:
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where:[s - operator in the spherical coordinate system
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4. CONCLUSIONS

Current meteorological data availability and acit®ty e.g. over the Internet networks enable to
use the presented method of atmospheric instasildinalysis for diagnosing areas of phenomena
posing threat to maritime activities including rgation. Increasing computing power of personal
computers makes it possible to apply the develoggdtivare for cartographic coordinate systems
conversions in an ‘on-line’ mode in order to obtairmerical data and satellite images for simultane-
ous analysis. The method enables to estimate afessending and descending air currents; creation
and development of cyclonic and anticyclonic systéncluding areas of frontogenesis and frontoly-
sis with high accuracy providing capability to redurisk of casualties and damages to vessels or
cargo by proper route planning and monitoring.
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