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Abstract

Translation of the original publication Co3aesa JI.T. IIporHo3 rpazia 1o JUCKpUMHHAHTHON (QYHKIMYA Ha OCHOBE BBIXOJHBIX
JAHHBIX T106ambHOM Mogenu atMocdepst / JI.T. Co3aeBa, A.X. Karepmasos // Mex/IyHapo/HbIl HayuHO-KCC/Ie[0BATeIbCKUM
KypHan — 2023. — Nell (137). DOI: doi.org/10.23670/IRJ.2023.137.85

A discriminant model for hail forecasting is proposed, the distinctive trait of which is the use of atmospheric model
prognostic data instead of actual aerological atmospheric sounding data. The global atmospheric model GFS NCEP is
suggested as a prognostic atmospheric model. The materials of this study were actual observational data on hail occurrences
provided by the North Caucasus Service for Active Impact on Meteorological and Other Geophysical Processes. The obtained
discriminant model allows to predict hail with the total validity of 85,3% and meets the criteria of forecast quality. The model
is intended for use in paramilitary hail services in the North Caucasus.
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AHHOTaI M

ITepeBog opuruHansHoOM nybmmkanyy Co3aesa JI.T. [TporHo3 rpaja rno AMCKPUMHUHAHTHOM (YHKIMM HA OCHOBE BbIXOJHBIX
JAHHBIX T106anbHOM Mogenu atMocdepst / JI.T. Co3aeBa, A.X. Karepmasos // Mex/yHapo/HbIl Hay4HO-KCCJIe/[0BAaTeTbCKUM
>KypHalt — 2023. — Nell (137). DOI: 10.23670/IRJ.2023.137.85

IMpensiokeHa AWCKPUMHUHAHTHAs MOJeb MPOTHO3MPOBAHMS Ipajid, OTIMUMTEEHONH OCOOEHHOCTBIO KOTOPOH SIB/ISIETCS
WICTI0/Ib30BaHHe TIPOTHOCTHUYECKMX [aHHBIX arMocepHOW Mopend BMecTo (DaKTUYeCKUX [JAHHBIX a3pOJIOrHyecKoro
30HAWPOBaHUS aTMoCGepbl. B KauecTBe MPOTHOCTHUECKOW aTMOCGhepHOW MOJeny MpejjaraeTcs riobaabHas arMocdepHas
moziens GFS NCEP. MarepuasaMy HacTOSII[ETO0 WCC/IeOBaHUS TIOCTY)KWIM (DaKTHUECKWe [aHHble HaO/roAeHui 3a
rpagoobpasoBaHreM, npefocraBieHHble CeBepo-KaBka3ckoil city>k00i aKTHBHOIO BO3Z€HMCTBHS Ha METEOPOJIOTHUEeCKUe U
Ipyrue reogusuueckue mnpoueccel. IloayueHHas AWCKPUMHHAHTHash MOZe/b II03BOJIieT IPOTHO3MPOBaTh Ipaj C obiei
000CHOBaHHOCTEIO 85,3% W COOTBETCTBYeT KPUTEPUSM KaueCTBa MporHo3a. Mojenb mpeHa3HaueHa JJisi UCIO/b30BaHUS B
BOEHM3HPOBAHHBIX POTHBOrPaZiOBLIX CIy>kOax Ha CeBepHOM KaBkase.

KiroueBble cj10Ba: MPOrHO3MPOBAaHWE TPajia, a’pOJOTHUECKOe 30HAUPOBaHWe, IoOajbHas MOAEeNb arMocdepsl,
3abaroBpeMeHHOCTh, METEOPOJIOTHUECKHE MTapaMeTphI.

Introduction

The proposed hail forecasting method was originally developed based on the concept of «perfect prediction» using
atmospheric meteorological parameters calculated from actual observation data. The implementation of such methods in
practice faces some difficulties, as such data is only available at individual weather stations located quite far apart, and the
frequency and timing of measurements do not correspond to the moment of maximum convection development.

Currently, in meteorology, schemes for calculating atmospheric parameters based on the MOS (Model Output Statistics)
concept — using forecast data from atmospheric models - have been developed.

In this study, the global forecast system of the US National Centers for Environmental Prediction (GFS NCEP) is proposed
to be used as a forecast atmospheric model, which was put into operation in the early 1990s [7], [8], [9] and has since been
modified multiple times.

The validity of replacing the actual aerological sounding data obtained at the «Mineralnye Vody» and «Divnoye» weather
stations with meteorological fields from the global model for the geographical coordinates of these weather stations was
confirmed by the results of [3].
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In meteorology, statistical methods, particularly discriminant analysis [2], [10], are widely used to assess the possibility of
convection development accompanied by hail. In this case, the discriminant function is composed based on actual aerological
sounding data of the atmosphere with a lead time of no more than 12 hours.

The purpose of this study is to calculate a discriminant function for hail forecasting in the case when atmospheric
parameters are calculated using data from the global atmospheric model, with a lead time of 30 hours. To this end, the
following tasks were solved:

1. Collecting data on «hail» and «no hail» events during the 2023 hail season and calculating atmospheric parameters
using the output of the global atmospheric model with a lead time of 30 hours.

2. Developing a discriminant function for hail forecasting and evaluating its quality.

The observation data were provided by the North Caucasus Specialized Service for Active Influence on Meteorological
and Other Geophysical Processes.

The construction of the discriminant function was carried out using the SPSS statistical software package [1].

Research methods and principles

The primary task in implementing a statistical forecasting scheme (for convection and related phenomena) is the selection
of features that describe the phenomenon and characterize the physics of convective processes in the atmosphere.

About 45 features (meteorological parameters of the atmosphere) that determine the occurrence, development, and
intensity of dangerous convective processes, including hail, are calculated [4]. The calculation of these parameters is based on
the stratification of air temperature and humidity, wind direction and speed, which are forecast output data of the global
atmospheric model [5].

Such a large number of features not only makes the computational procedure extremely laborious, but also imposes too
strict requirements on the volume of empirical data. Therefore, there is a need to select the most informative ones. This
selection was made using the biserial correlation coefficient, and as a result, it was found that the following atmospheric
parameters have the greatest influence on the formation of convective phenomena (hail, heavy rain, etc.) [4]:

DTM — maximum temperature difference between the cloud and the surrounding air;

HM - the level at which the temperature difference between the cloud and the surrounding air is maximum;

DTK - vertical temperature gradient in the layer above the condensation level at 4-4.5 km;

SQZ5 — total specific humidity in the Earth—5 km layer;

TDSR5 — average humidity deficit in the layer above the condensation level at 5 km;

PHI1 — convection level;

TH1 — temperature at the convection level;

DJ — George instability index;

TTMI — Miller's integral sum index;

DSS — energy characteristic of the sub-cloud layer.

Based on the selected parameters, a discriminant function was constructed:
D = a9DTM + aiHM + aoDTK + a3SQZ5 + a4sTDSRS + asPH1 + asTH1 + a7DJ + asTTMI + agDSS + ¢

where:

D is the dependent nominal variable;

a, are the coefficients for the independent variables;

¢ — the constant term.

The dependent nominal variable d has two values: D=1 ("hail") and D=0 ("no hail").

Main results

According to the observation data of the North Caucasus Service, 109 events were included in the calculation, of which
hail was recorded in 34 cases, and no hail was recorded in 75 cases.

The separation of events into «hail» or «no hail» was carried out according to the following principle: the event was
classified as «hail» if hail was recorded on the ground according to ground-based observations, as well as in the cloud
according to radar observations. In all other cases, «no hail» was recorded.

For all events, atmospheric parameters were calculated based on data from the global atmospheric model with a lead time
of 30 hours, and a discriminant function was constructed, taking into account all the selected features (stepwise analysis with
exclusion).

Discriminant analysis assumes the exclusion of dependent variables based on the criteria of equality of group means. To
conduct a test for equality of group means, the Wilks' Lambda coefficient is used. In this study, the significance of this
coefficient was Sig.>0,05 for the variables DSS and DTK, which required their exclusion from further analysis.

Next, the remaining variables are checked for independence from each other, for which correlation coefficients between all
the variables characterizing the relationships between them are calculated. It turned out that there is a strong relationship

between the following pairs of variables:
PH1—-THI1 : PH1 - DTM; DJ-TTMI :DJ-SQZ5.

The contributions of the variables DTM, TH1, and DJ to the discriminant function, according to the values of the
unstandardized canonical coefficients, were the smallest, which allowed them to be also excluded from the analysis.
Then, the discriminant function was reconstructed, and its coefficients were determined (tab. 1).
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Table 1 - Unstandardized coefficients of the canonical discriminant function

DOI: https://doi.org/10.60797/IRJ.2024.148.88.1

. Function
Atmospheric parameters 1

HM 0.00008

SQZ5 -0.0732

TDSR5 -0.0555

TTMI 0.0697

PH1 0.0002

(const) -1.929

Based on the data in tab. 1, a predictive discriminant model was constructed:

D =0,00008HM — 0,07325QZ5 — 0,0555TDSRS5 + 0,0697TTMI + 0,0002PH1 - 1,929.

The parameters included in the discriminant function mainly reflect the energy reserve of instability and moisture content,
which are used to varying degrees in other alternative hail forecasting methods. This indicates that the reserves of convective
instability in different layers of the troposphere play a key role in the formation of intense convection.

The classification results of the proposed model are presented in tab. 2, which provides row-by-row information on the
value of the discriminant function («1» or «0») and the predicted membership in one of the two groups «hail» and «no hail» for
each observation.

Table 2 - Classification results
DOI: https://doi.org/10.60797/IRJ.2024.148.88.2

b Predicted group membership Total
0 1
Frequency 0 64 11 75
1 5 29 34
0 85,3 14,7 100
%
1 14,7 85,3 100

It was found that out of 34 "hail" events, 29 were correctly classified as "hail", and out of 75 "no hail" events, 64 cases
were "no hail", and also 85,3% of the initial grouped observations were classified correctly (tab. 2).

The results of testing the "perfect prediction" methodology on long-term data of actual aerological sounding of the
atmosphere at several points in the North Caucasus at the High-Mountain Geophysical Institute research site (Nalchik) showed
a 78% reliability with a lead time of 3-12 hours [6].

Thus, the reliability of hail forecasting based on data from the global atmospheric model with a lead time of 30 hours
turned out to be somewhat higher than the reliability of hail forecasting based on actual aerological sounding data, which
indicates their certain advantage.

Conclusion

The hail forecasting scheme based on the use of the output of the Global Forecast System of the US National Centers for
Environmental Prediction (GFS NCEP) has shown its operability on independent data in the 2023 hail season.

The study shows that the discriminant function constructed based on the output of the global model retains its forecasting
potential in hail forecasting even with an increase in the lead time to 30 hours.

The obtained result will be useful in the work of hail suppression services.
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