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Introduction. Advantages and disadvantages 
of rocket cloud modifi cation technology are ana-
lyzed, and optimization directions are outlined.

The proposed optimization techniques are based on:
– the author’s personal long-term experience 

as the founder and director of research-production 

organization engaged in solving multiple problems 
of active modifi cation of meteorological processes 
(Moldova, 1965–1991)

The organization, established in 1965 by the 
Central Aerological Observatory the (city of Dol-
goprudny) from its onset became the center of re-
search and development of rocket cloud modifi ca-
tion technology in the USSR. The technology is 
aimed at prevention of hail formation, enhancing 
rainfall from various cloud types in different sea-
sons, as well as dissipation of super cooled fogs, 
prevention of light frosts, reduction of thunder-
storm activity etc. 

In the picture of Hurricane Katrina, which took place along the coast of Santa Catarina (Brazil) 
March 27, 2004. 13 dead
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The computerized radar ornithological sys-
tem based on MRL-5 meteorological radar enables 
to perform automatic 24-hour monitoring of bird 

fl ights. The MRL-5 capacity of simultaneously ob-
taining both the meteorological and ornithological 
data made it possible to design an algorithm for 
plotting superposed weather and ornithological 
charts and to provide them every 15–20 min online 
to be used by air traffi c control services. 

Introduction. The progress of aviation, high 
density of aircraft over relatively small areas (es-
pecially in the vicinity of large airports), as well as 
striving for higher speeds using the lightest possible 
aircraft constructions – all these factors have inevi-
tably created a confl ict between the technological 
advancement and the nature. The most serious man-
ifestation of this confl ict is collisions between air-
craft and birds (Ganja et al.,1991). The main routes 
of bird migration from Europe to Asia and Africa 
and back lie over Israel (Leshem and Yom-Tov, 
1998). It was shown (Bruderer, 1992) that during 
the migration period the average number of birds 
over a cubic km of the air may exceed 500. As the 
airspace over Israel is also dense with aircraft, col-
lisions are not rare during vigorous spring and au-
tumn migrating bird fl ows, resulting in loss of bird 
life and sometimes human casualties (Bahat and 
Ovadia, 2005). Bird-aircraft collision are not rare 
in other regions (Thorpe, 2005). This situation calls 
for development of operational techniques aimed at 
assessment and control over the ornithological sta-
tus in order to ensure air traffi c safety.

The main idea underlying the algorithm
Tables 1 and 1(a) present the typical character-

istics of migrating birds’ radar echoes. 

Table 1
Typical characteristics of radar echoes of migrating birds 

Typical characteristics of radar echo Studies*
– relatively low power. Refl ectance coeffi cient (Z < 30dBZ), 
– forward and relatively linear movement
– maximum amplitude fl uctuations within the low frequency range (below 10 dB 
in 2–50 Hz frequency range).
– MRL-measured  are greater on the 10 cm wave length than those on the 3 cm 
wavelength
– polarization characteristics of the signal are typical of horizontally-oriented 
targets. Differential refl ectance as the ratio of horizontally-oriented signal (with 
pulse horizontally polarized) to vertically-oriented signal (with pulse vertically 
polarized) exceeds the unity signifi cantly (dP = P׀׀/P┴ >> 1). For small droplets 
within clouds and precipitation this value is close to unity.
– in the  wave-length range of 3 to 100 cm,  of both birds and insects decrease 
noticeably as the radar wavelength increases. At the same time, there is a distinct 
maximum of the  () frequency dependency that occurs at  = 10 cm wave-length.
– high dispersion of experimental data at  = const (from few tens of cm2 at 
 = 3 см to  = 10–1 cm2 at  = 100 cm). σ values for some bird species with 
wings folded are presented in Table 1(a).
– the mean -values of different bird spices at the value of radar wavelength 
from less than 10 cm2 (Sparrow) up to 400 сm2 (Albatross). 
– -values of birds are approximately by order of 2–3 greater than -values of insects

Edwards, Houghton, 
1959; Salman, Brilev, 
1961; Schaefer, 1966; 

Chernikov and 
Schupjatsky, 1967; 

Skolnik. 1970; 
Chernikov, 1979; 
Bruderer and Joss, 

1969; Bruderer, 1992; 
Ganja et al. 1991; 

Buurma, 1999; Larkin 
et al., 2002; 

Gudmundsson et al., 
2002; Gauthreaux and 

Belser, 2003; 
Zavirucha et al., 1977; 

Zrnic and Ryzhkov, 
1998.

N o t e s :  * – Table presents only a small part of the numerous studies of bird echo characteristics. 
** – ESA () – effective scattering area


