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Abstract

This article describes a new and low-cost microwave passive sensor for hail
prediction (forecasting) and detection developed in Armenia, which can be
used to implement fully autonomous and automatically functioning hail pro-
tection of locally limited or large agricultural and urban areas in order to
prevent, suppress or catch hail in traps. The article also presents the results of
measurements of the intrinsic emission characteristics of water and ice, rain
and hail clouds, carried out in laboratory and field conditions in the Ku-band
of radio frequencies. The results obtained showed that the intrinsic emission
of a hail cloud in the Ku-band of radio frequencies differs significantly from
the intrinsic emission of a rain cloud. The presented results show that indeed
the radar is not very suitable for the timely detection and determination of
hail with a high probability, which is very important for the timely starting up
of anti-hail protection means. On the contrary, radiometers (passive micro-
wave sensors) can become an effective sensing tool for timely detection and
recognition of hail with a high probability of long-range approaches up to
~12 - 15 km.
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1. Introduction

Along with the existing difference between world population growth rates and
food production, a continuous increase in environmental pollution and envi-
ronmental degradation, diseases such as COVID-19 or more serious can cause
hunger on the planet. Therefore, in order to partially overcome the inevitable
famine on the planet it is necessary primarily to solve the problem of lossless
preservation of the crop. The main obstacles to solving the problem of lossless

preservation of the crop are natural disasters such as droughts, floods, storms
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(strong winds) and tornadoes, earthquakes and volcanic eruptions, early or late
frosts, bad weather (continuous rains) during sowing and harvesting, hail and
rainfall, etc. Many of these disasters are not subject to man at all and cannot be
controlled by him. And only hail and rain in some cases can be controlled. The
only problem is the effectiveness and cost of such management.

A detailed description of the flaws of existing methods and stations of an-
ti-hail protection and the advantages of new, recently developed methods and
networks of anti-hail protection and their application for anti-hail protection of
restricted or vast agricultural and urban areas are presented in [1] [2] [3] [4].
Despite the effectiveness of these methods which aroused wide interest and dis-
cussions among interested users and specialists, their use is temporarily delayed
due to the lack of a prototype of hail detector-forecaster. Thus, the development
of a cheap hail detector-forecaster and its field testing is an urgent and impor-
tant task for the agriculture, the economy of the state and nature.

In this article a new and cheap sensor for predicting (forecasting) and early
detecting hail at a distance up to 12 - 15 km is described, and some experimental
results of its application are presented. The developed detector-forecaster can be
successfully used for implementation of fully autonomous and automatically
functioning anti-hail protection of locally limited or vast agricultural and urban
areas in order to prevent, to suppress or to capture hail in trap areas.

2. Hail Detector-Forecaster ArtAr-HDF

ArtAr-HDF was developed on the basis of Ku-band (~10 GHz) satellite dish an-
tenna with LNB (low noise block downconverter). The block diagram of Ar-
tAr-HDF entirely corresponds to the block diagram of the hail detector-alerter
described in [5]-[10] in detail. It comprises a parabolic antenna (a dish), a ra-
diometric (microwave) receiver (including LNB), a compensation device, a mul-
ti-level thresholder, a warner and a power supply. ArtAr-HDF can operate at any
polarization of observation, vertical or horizontal. It is the cheapest hail detec-
tor-forecaster, since does not comprise a self-controlled and automatically func-
tioning scanner, a remote warning device and other control means. Home-made
work prototypes of ArtAr-HDF with 60-cm and 100-cm dish antennas and LNB
set on manually controlled scanners are shown in Figures 1-3 and in Figures
4-6, respectively. ArtAr-HDF has two outputs, more sensitive and less sensitive,
the signals of which can be recorded by a recorder, simultaneously (Figure 6).
The sensitivity of the radiometric receiver of ArtAr-HDF at 1s integration time
is better than 0.5 K. The spatial resolution of ArtAr-HDF depends on the angle
of observation ¢ and the altitude 4 of the cloud. It can be approximately esti-
mated by the following equation:
A-h

~ — 1
D-siny )

where dis a diameter of the cross section (footprint) of the antenna’s main beam
at the altitude A, D is the dish’s diameter, A is the radio wavelength and
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Figure 1. Ku-band, 60 cm dish antenna and LNB of ArtAr-HDF are installed on mechanical
scanner at a height of 52 m from the ground in Yerevan and directed West, South-West
to measure sky emission and solar emission during sunset.

Figure 2. Calibration facilities of ArtAr-HDF in the city of Yerevan 1—Concrete ceiling
(Gray Body) with an emissivity of ~0.95, 2—Black Body with an emissivity of ~0.974.

Figure 3. First prototype of ArtAr-HDF during solar microwave emission measurements
in light clouds sky during sunset in Yerevan 9 January, 2020. 1—Light cloudy sky, 2—The
sun during sanset (the maximum is ~160 K), 3—Gray Body with an emissivity of ~0.95 at
+2°C (the mean is ~261 K), 4—First prototype of ArtAr-HDF, 5—Third prototype of
ArtAr-HDF.
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Figure 4. Ku-band, 100 cm dish antenna and LNB of ArtAr-HDF are installed on mechanical
scanner at a height of 10 m from the ground in experimental site of ECOSERV ROC Co.
Ltd. near the Village of Ujan and directed East to measure sky emission and solar
emission during sunrise.

Figure 5. Ku-band, 100 cm dish antenna and LNB of ArtAr-HDF are installed on
mechanical scanner at a height of 10 m from the ground in experimental site of ECOSERV
ROC Co. Ltd. near the Village of Ujan and directed West to measure sky emission and
solar emission during sunset.

Second ARTAR-HDF (Hail Detector Forecuster)

,<— Red lig]:_lt at the time of hail
conversion

11.07.2020

Figure 6. Second prototype of ArtAr-HDF during measurements solar and hail cloud
microwave emissions in the experimental site of ECOSERV ROC Co. Ltd.
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v =90" -9 is the grazing angle of sensing. The far zone of ArtAr-HDF is de-

fined as

DZ
In some cases, a dish is not necessary and ArtAr-HDF can only include a ra-
diometric receiver. In such cases, in Equation (1) and in Equation (2), it is ne-
cessary to replace Dby D; where D,is a diameter of LNB feed horn which is ap-

proximately equal 4.5 - 4.7 cm.

3. Testing and Trial of ArtAr-HDF

Testing and trials of all three developed prototypes of ArtAr-HDF were carried
out in quasi-field and field conditions in the city of Yerevan and at the experi-
mental site (test site) of ECOSERV ROC Co. Ltd., near the village of Ujan, where
hail is more likely. First experiments had the aims to understand the behavior of
developed radiometers in field conditions during long time measurements of sky
emission, to study fluctuations and trends of their output signals.

For such studies, an external and stable microwave emission source is re-
quired, which would make it possible to assess the sensitivity of the radiometers
and their performance. Only the sun could be such a source in field conditions.
However, daily capture of the sun by a narrow beam of a satellite dish is a very
difficult task due to the fact that it is constantly changing its position in the sky,
and it is very difficult to track these changes by mechanical scanners. Therefore,
it was only possible to work with the sun for a couple of days with taking into
account the fact that the maximum emission would varied from day to day, de-
pending on how close or far from the central axis the sun crossed the main beam
of antenna on the day of measurement. This is obvious if to compare data shown
in Figure 3 and Figure 7 which were measured at the same time and from the
same position and direction with a difference of 3 days only. So, the sun cannot
be used for each day calibration of measured data. Thus, to calibrate the results
of measurements carried out in the city of Yerevan, a dry, scabrous and painted
balcony ceiling of concrete was used as a Gray Body (see Figure 2) with an expe-
rimentally estimated steady emissivity about 0.95. Calibration of measurements
carried out in ECOSERV ROCs test site was performed through the horn input
of LNB by a developed so-called Black Body with an emissivity of ~0.974 which
is worn directly over the LNB plastic cap as shown in Figure 2. A power of in-
trinsic emission in radio frequencies of any body is directly proportional to its

brightness temperature T, which is determined by the following equation
Te=xTp (3)

where y is the emissivity of the body, and T, is its physical temperature in
Kelvin. For our experiments, as physical temperatures of Gray and Black Bodies

the ambient or surrounding air temperatures is used.
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Figure 7. A split chart of the record of the sun emission during sunset in Yerevan 06.
January, 2020. 1—Overcast (somber) sky, 2—The sun during sunset (the maximum is
~237.5 K), 3—Dry, Gray Body with an emissivity of ~0.95 at +2°C (the mean is ~261 K).

Thus, the results of measurements of solar microwave emission in different
weather conditions can be used to show that ArtAr-HDF has quite good opera-

tional performance and satisfactory sensitivity.

4. The Results of Laboratory and Field Measurements
4.1. The Results of Laboratory Testing of ArtAr-HDF

To show and convince that ArtAr-HDF can serve as a hail detector and can be
used as a hail forecaster (predictor), it is necessary to experimentally confirm
that when water droplets in clouds are transformed (converted) into hail pellets
then the brightness temperature of the cloud increases significantly. Although,
this statement has been theoretically proven in [3], however, most (if not all)
potential users, experts and consumers want to see this firsthand. Directly solv-
ing this problem is practically beyond the power of even large research institu-
tions (not to mention a lone researcher), since the transient process of water
drops or water vapor into hail is not such a frequent phenomenon in nature, and
it will be necessary to build many observation stations in various places over a
wide area and equip them with microwave passive sensing devices and meteoro-
logical monitoring equipment and wait a long time to capture and record the
event. Therefore, it was decided to carry out indirect laboratory studies of mi-
crowave features of freezing water and ice in controlling conditions, the results
of which could be used to explain the phenomenon under study. With this pur-
pose an experimental stand was built in semi-open space (outside the building)
at a height of 52 m from ground (as shown in Figure 8) to decrease influence of
walls and surrounding objects intrinsic emissions and to exclude a possible spe-
cular (mirror) reflection of ambient intrinsic emission through water and ice

surfaces during measurements. Laboratory measurements were carried out by
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Figure 8. Experiments with water and ice in plastic trays placed on a wooden stand. 1—A
plastic tray with water of ~4 cm, 2—A plastic tray with rectangular rough ice layer of ~4.5
cm at ~—4°C, 3—A wooden stand, 4—LNB.

the radiometric receiver (including LNB) of the first prototype of ArtAr-HDF,
without the dish. In this case, the condition for sensing in the far zone and the
condition for the complete positioning of the beam footprint of the feed horn of
LNB within the surface of the investigated substance in the tray were ensured.
LNB was directed to water or ice surface in trays under the angle of incidence
~12°.

Initially, experiments were carried out with trays installed on wooden stand
and filled with water or frozen ice (see Figure 8). Trays were always installed in
the same place and probed (observed) by LNB from the same position under the
same angles of incidence and azimuth. For calibration of data of measurements
LNB sometimes was directed to the same place of the balcony dry ceiling (Gray
Body) with an emissivity of ~0.95 (see Figure 2). At any changes in the course of
the experiment, the time of the corresponding change and air temperature were
recorded, and since, it was almost constant during the day, the air temperature
can be used as the physical temperature of the environmental objects like ceiling,
for instance.

In Figure 9 a strip chart of the record is presented of microwave emissions of
freezing water and hardening ice of last two days of multi-day experiment. The
level of the signal at the beginning of this chart and labeled 1 corresponds to a
rectangular and smooth ice layer of ~4.5 cm in tray and frozen in freezer to
—18°C. The levels of the signal labeled 2 correspond to a rectangular and rough
ice layer of ~4.5 cm in tray and frozen by snow to ~—4°C (see Figure 8). The
roughness on this ice layer were appeared after melting of snow layer (snow-
pack) ~4 cm thick covered the surface of the tray with a smooth ice layer and
freezing melted water drops on ice. The levels of the signal labeled 3 correspond
to smooth water surface at ~—0.5°C. The curve labeled 4 corresponds to an
emission of freezing smooth water surface which are transformed into ice. The
level of the signal labeled 5 corresponds to smooth water surface at ~+43.5°C

which at the end of the experiment is cooled to ~0°C. Therefore, the difference
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Figure 9. A strip chart of the record of microwave emissions of freezing water and har-

dening ice. 1—Rectangular and smooth ice layer of ~4 cm at ~—18°C; 2—Rectangular and
rough ice layer of ~4 cm at ~—4°C, 3—A plastic tray filled with water of ~4 cm at
~=0.5°C, 4—Freezing water of ~4 cm in a plastic tray, 5—A plastic tray filled with water
of ~4 cm at ~+43.5°C, 6—Water cooled to 0°C in plastic tray.

of the signal levels marked by 5 and 6 which is equal ~43.5 Kelvin can be used as
a calibration level (signal) to calibrate all measured data. The results in Figure 9
show that the level of intrinsic emission of freezing water relatively to the level of
unfrozen, cold water at 0°C periodically changes. The difference between these
emission levels, hereinafter referred to as thermal contrasts A7, periodically in-
creases, even reaching a value of 254 K, and decreases, reaching even to a mini-
mum value of 18 K. In Figure 9 also shown the values of these contrasts esti-
mated at different points of the maximum and minimum levels of the curve 4.
These AT contrasts were estimated based on a calibration level of 43.5 K and
correspond to the points indicated in Figure 9 by the arrows.

During further experimental studies, analysis of measured data and conditions
of experiments it was found that periodical behavior of the change of thermal
contrasts AT of freezing water was due to the fact that during the experiments
the water in the tray did not completely freeze. Inside of the ice layer of the tray
a cavity with cooled water was remained, enveloped in an ice shell of 1 - 2 cm
walls from all sides, and the volume of this cavity changed during the day. This
was due to the fact that in 2020 the winter in the city of Yerevan was warm and
there were no severe frosts that could completely freeze the water of ~4 cm in
the tray. Since the weather forecast did not predict frost or cold snaps in the
coming weeks for the city of Yerevan, in order to avoid problems with incom-
plete freezing of water and hardening of ice, it was decided to change something
in the experimental procedure. Namely, the wooden stand was covered with a
duralumin sheet 4 mm thick, and the plastic trays were replaced with duralumin
trays 1.5 cm deep, into which water was poured about 8 - 9 mm (see Figure 10).
The tray-free right side of the duralumin sheet (see Figure 10) was used to
measure the specular reflection of sky emission through the duralumin sheet. A
thickness 8 - 9 mm for a layer of water is more than enough for studying micro-
wave emission of smooth water surface, since the depth of penetration of elec-

tromagnetic waves of Ku band of microwave into water is very small and is only
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Figure 10. An experiment with a duralumin tray with frozen thin (8 mm) ice layer on a
duralumin sheet.

a fraction of a millimeter. As for the layer of ice 8 - 9 mm thick, this decision was
made due to the fact that pellets of hail with a diameter of 8 - 9 mm are already
quite dangerous hail, and a further increase in their diameter will not signifi-
cantly affect the emission characteristics of hail clouds. After all these prepara-
tions and changes, it was still managed to conduct an experiment during next
couple of days with subzero air temperature and get an interesting result. Really,
in Figure 11 a split chart of the record is presented of microwave emissions of
freezing water and hardening ice of two consequent days of experiment, as well
as sky emission and emission of the Gray Body for external calibration of data of
measurements. So, the level of the signal labeled 1 corresponds to open sky
emission measured by LNB directed directly to sky under elevation angle ~45°.
The levels of the signal labeled 2 correspond to an emission of sky reflected
through the duralumin sheet under 10° - 12°. The level of the signal labeled 3
corresponds to the empty duralumin tray on the duralumin sheet. The level of
the signal labeled 4 corresponds to a water layer in the duralumin tray of ~8 mm
at ~0°C. The levels of the signal labeled 4a correspond to a water layer in the
duralumin tray of ~8 mm at ~0°C after performed compensation.

The levels of the signal labeled 5 correspond to an emission of sky reflected
through the duralumin sheet under 10° - 12° after performed compensation. The
levels of the signal labeled 6 correspond to an emission of transparent ice layer of
~4 cm at ~—18°C (see Figure 12). The levels of the signal labeled 7 correspond
to an emission of dry, Gray Body (a balcony ceiling) with an emissivity of ~0.95
at ~—4°C or ~—6°C of the air. The curves labeled 8 correspond to an emission of
freezing water 8 - 9 mm thick in the duralumin tray. The curves labeled 8a cor-
respond to an emission of hardened and drying ice of 9 - 10 mm thick in the
duralumin tray. The level of the signal labeled 9 corresponds to the duralumin
tray empted of ice layer after performed compensation. The level of the signal
labeled 10 corresponds to the ice layer at ~—6.5°C removed from the duralumin
tray 06:50 in the morning (see Figure 13). The curve labeled 11 can possibly
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Figure 11. A strip chart of the record of emission of clear and open sky during the whole
experiment. 1—Sky under 45°, 2—Sky through duralumin sheet under 10° - 12°,
3—Empty duralumin tray, 4—A water layer in the duralumin tray of ~8 mm at 0°C,
4a—A water layer in the duralumin tray of ~8 mm at 0°C after compensation, 5—Sky
through the duralumin sheet after compensation, 6—Rectangular, smooth and transpa-
rent ice layer of ~4 cm at —18°C, 7—Dry, Gray Body with an emissivity of ~0.95 at —4°C,
8—Freezing water 8 mm thick in the duralumin tray, 8a—Hardened and drying ice of ~8
mm in the duralumin tray, 9—The duralumin tray empted of ice layer after compensa-
tion, 10—Ice layer of 8 mm (removed from the tray 06:50 in the morning) at —6.5°C,
11—Possibly this is the reflection of the sun through the ice surface or from the bottom of
the duralumin tray, 12—Melting of ice layer, 13—Sinking of the ice layer into the water of
tray, 14—Floating layer of melted and wet ice.

Figure 12. An experiment with 8 mm thin and 4.5 cm thick ice layers on a duralumin
sheet.

Figure 13. An experiment with two 8 mm thin ice layers on a duralumin sheet.
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correspond to the sun accidental specular reflection through the ice surface of
the duralumin tray or through the bottom of the duralumin tray filled with har-
dened and dry ice layer from the left side of the tray as can be seen in Figure 10.
The curves labeled 12 correspond to the ice layer in the duralumin tray melting
under the lights of the sun. The curve labeled 13 corresponds to the process of
sinking of melted and thin ice layer into melted water in the duralumin tray.
And finally, the level of the signal labeled 14 corresponds to an emission of
floating on the water surface melted and wet ice thin layer. If to use the differ-
ence between the first level of the signal labeled 7 and the level labeled 5 (a du-
ralumin sheet after a compensation) as an external calibration signal corres-
ponding to ~255.5 K (0.95 x 269 K) then it will be possible to estimate approx-
imately thermal contrasts for various points of the split chart of Figure 11. In
particular, performed estimations shows that the thermal contrast between the
levels labeled 4a (smooth water surface at ~0°C) and 5 is equal to ~107 K. The
thermal contrast between the maximum level of the curve labeled 8 and the level
labeled 5 is about 223.5 K. The thermal contrast between the minimum level of
the curve labeled 8 and the level labeled 5 is about 12.8 K. So, the thermal con-
trast between fully frozen (icy) water and unfrozen water may reach up to 116.5
K (223.5K - 107 K).

4.2. The Results of Field Testing of ArtAr-HDF

Field measurements of sky emission were carried out under elevation angle of
antenna beam ~70° at various azimuth angles. Azimuth angles of observation
were chosen from the condition to exclude influence of satellite (TV) signals on
radiometric receiver of ArtAr-HDF. The measurements were carried out on the
background of clear sky, light cloudy or cloudy sky, excluding rain clouds. For
these measurements were chosen such azimuth directions under which it was
possible to catch the sun, since non-rain clouds did not in fact change output
signals of ArtAr-HDF and the sun emissions during such experiments would the
only signal showing that ArtAr-HDF really worked. Usually, field measurements
were carried out strictly under a certain azimuth and did not change during the
experiment or from experiment to experiment. However, in case if it was abso-
lutely necessary antenna was quickly rotated from one azimuth to another that
was preliminary fixed as observable direction in order to follow or catch inter-
esting clouds. These azimuths were previously investigated in detail to ensure
that they had the same background levels for clear and cloudy sky and that there
is no radio interference from satellites or the environment from these directions.
Further, some interesting results of field measurements of atmospheric events
and phenomenon will be shown and discussed.

Figure 14 shows a split chart of the record of sky emission in cloudy (over-
cast) weather measured 18 March, 2020 in the city of Yerevan from the
west-south-west azimuth. The signal level labeled 1 corresponds to the back-

ground of cloudy sky. The level of the signal labeled 2 corresponds to an emission
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Figure 14. A strip chart of the record of emission of cloudy sky. 1—Cloudy sky, 2—Dry,
Gray Body with an emissivity of ~0.95 at +8°C, 3—The sun at sunset, 4—Hail-rain
clouds, 5—Rain clouds.

of dry, Gray Body (a balcony ceiling) with an emissivity of ~0.95 at ~+8°C of the
air. In accordance with this caliber, the maximum level of fluctuations of the
emission of the cloudy sky before the appearance of the sun is ~16 K. The curve
labeled 3 represents the sun passing through the main beam of the antenna close
to the center. The maximum emission of the sun is ~253.6 K. After 15 minute of
the sunset record a new atmospheric phenomenon was recorded from the same
azimuth labeled 4 in Figure 14. The recorded phenomenon with the maximum
emission contrast of ~176 K is detected at a distance of ~12 - 15 km, at an alti-
tude of ~6 km and lasted for about 40 minutes or some more. It couldn’t be a
satellite, flying object, or UFO. Visually, it was a dark cloud. So it was most likely
a hail cloud.

Very often in Armenia in early April, various atmospheric phenomenon oc-
cur, such as late frosts, snowfall, hail, etc., which partially or completely spoil in-
itially the harvest of the affected regions. For 2020 was no exception. So, in Fig-
ure 15 a split chart of the record of sky emission for 3 uninterrupted days of
April 2020 is presented. The signal level labeled 1 corresponds to the back-
ground of clear sky. The signal level labeled 2 corresponds to the background of
cloudy sky. The levels of the signals labeled 2 correspond to an emission of dry,
Gray Body (a balcony ceiling) with an emissivity of ~0.95 at various air temper-
atures indicated near the labels. The curve labeled 3 corresponds to an attempt
to catch the sun. The curve labeled 4 represents the sun passing through the
main beam of the antenna not so close to its central axis. The maximum emis-
sion of the sun is ~171 K. The curve labeled 5 corresponds to rain cloud with the
maximum level of ~83 K. An abrupt decreasing in the signal level labeled 6 with
the contrast of ~21 K correspond to the action of cleaning the plastic cover of
LNB from cold rain drops by a finger. An abrupt decreasing in the signal level
labeled 6a with the contrast of ~26 K corresponds to the action of cleaning the
plastic cover of LNB from sprayed water drops of ambient temperature (~11°C)

by a finger. An abrupt increasing in the signal level labeled 6a with the contrast
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Figure 15. A strip chart of the record of emission of clear and light cloudy sky, rain and

hail-snow clouds. 1—Clear sky, la—Light cloudiness, 2—Gray Body with an emissivity of
~0.95 (at air temperature), 3—An attempt to cutch the sun by antenna, 4—The sun at
sunset, 5—Rain-hail clouds, 6—Cold raindrops were cleaned from LNB, 6a—Sprayed
water drops at 11°C were cleaned from LNB, 7—Spraying LNB with water at ~20°C,
8—Rain clouds, 9—Rain-hail-snow clouds.

of ~34 K corresponds to the action of spraying the plastic cover of LNB by the
water at the temperature of ~20°C. The curves labeled 8 correspond to the rain
and rain clouds. The curve labeled 9 with the maximum contrast of ~92 K cor-
responds to the above mentioned atmospheric event which caused heavy snow-
fall and hail (mostly wet snow) in vast areas of the Republic of Armenia, cover-
ing by snow and ice the northern part of the city of Yerevan and many cities and
villages are located north of the city of Yerevan.

The measurements carried out in clear or lightly cloudy have shown that sky
emission is decreasing during the day from the morning (from 9:00-10:00) till
the sunset. After the sunset sky emission is increasing and at the late evening
gets its maximum value. During the night clear or lightly cloudy sky remains
relatively warm with steady emission. Such behavior of sky emission can be re-
lated with the changes in ionosphere due to the sun affect. Such behaviors of sky
emission for clear and lightly cloudy sky were recorded in the split charts
represented in Figure 16 and Figure 17, respectively. In Figure 16 a split chart
of the record of clear sky emission carried out uninterruptedly during ~22 hours
in the city of Yerevan. On this day, two unusual incidents were recorded: a
strong wind that raised dust and fire with raised smoke. Now in more detail re-
garding Figure 16. The signal level labeled 1 corresponds to the background of
clear and sunny sky. The curve labeled 2 corresponds to the strong wind raised a
curtain of dust covered the horizon in front of the antenna beam. The maximum
contrast labeled by small arrow is ~108.8 K and the smallest contrast labeled
with the long arrow is ~27.9 K. The curve labeled 3 corresponds to a strong and
vast fire due to the ignition of dry grass and other vegetation at a distance of 350
- 400 m from the antenna. The convective flow of warm air rose to the level of

the antenna beam and above and was recorded by ArtAr-HDF before the fire
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Figure 16. A strip chart of the record of emission of clear and cloudy sky and aftermath
of storm and fire. 1—Clear and sunny sky, 2—A strong wind arose and a dust curtain
formed in front of the antenna beam, 3—A stream of warm air and smoke appeared in

front of the antenna beam due to the ignition of dried vegetation at a distance of 300 m
far from antenna, 4—The sun at sunset, 5—Thunderstorm rain, 6—Dry, Gray Body with
an emissivity of ~0.95 at +19°C.
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Figure 17. A Strip chart of the record of emission of lightly cloudy sky, hail and thun-
derstorm rain. 1—Light cloudiness, 2—The sun at sunset, 3—Probably hail cloud,
4—Thunderstorm rain.

was extinguished. The maximum contrast is ~152.6 K and the last contrast just
before the extinguishing of fire is ~89.5 K. The signal level labeled 4 corresponds
to the sun emission with the maximum value ~155.6 K. The curve labeled 5 cor-
responds to hail-rain clouds with the first maximum contrast ~96.9 K and with
the last contrast level ~76.3 K. And at last, the signal level labeled 6 corresponds
to an emission of dry, Gray Body (a balcony ceiling) with an emissivity of ~0.95
at +19°C. This contrast which is ~277.4 K was used for estimating all other rec-
orded contrasts have shown in Figure 16. In Figure 17 a split chart of the record
of light cloudy sky emission carried out uninterruptedly during ~20 hours in the
test site of ECOSEV ROC Co. Ltd. The signal level labeled 1 corresponds to the
background of light cloudy sky, and as it was mentioned above sky emission is
decreasing during the day from the morning till the sunset ~12.5 K. After the
sunset sky emission is increasing and close to next morning (~5:00) it gets its
maximum value (~18.7 K) and remains steady till the end of the record. The
signal level labeled 2 corresponds to the sun emission with the maximum value
~217.4 K. During the night there were thunderstorms and rain which are labeled
3 and 4 on the split chart of the record of Figure 17, respectively. The curve la-
beled 3 with the maximum contrast ~123.6 K more likely corresponds to hail
clouds. The curve labeled 4 with the maximum contrast ~78.6 K corresponds to

rain and rain clouds. So, the results of field trials, selectively represented in Fig-
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ures 14-17, show that ArtAr-HDF can detect and recognize hail at the distance
up to ~12 - 15 km with high probability and timely warn means of anti-hail pro-
tection about coming danger.

However, for more persuasiveness of this conclusion, a direct experiment was
needed, that is, not only recognition and detection of hail, but also receiving of a
visual or informational confirmation about it. Unfortunately, this is a very diffi-
cult experimental task, as hail is a rare, uncontrolled and unmanaged atmos-
pheric phenomenon, and it can be expected for years in one or two preliminary
selected test areas. Therefore, the results of measurement represented below
have significant value for further researches and applying. So, 11 July, 2020,
closer to the night, in the west of the experimental site of ECOSERV ROC Co.
Ltd., at a distance of ~12 km and at an altitude of ~5 km, a powerful hail cloud
was recorded which stirred up whole network of anti-hail protection, and, all gas
generators of this area began to work without interruption in the late evening.
The photo of the screen of the monitor with a split chart of transient recorder of
the event of 11 July, 2020 is presented in Figure 18 (see the original in Figure 6).
The record was suddenly interrupted, since, the electricity in the area has been
cut off and the record was not saved in computer and therefore was lost. It’s
good that it was managed to take a picture of the screen right before the power
outage.

In accordance with the results of the split chart of recorder represented in
Figure 18, where both sensitive and insensitive outputs of ArtAr-HDF are rec-
orded, the sun’s maximum contrast is ~269 K. It means that the sun passing
through the main beam of the antenna very close to the central axis. Rain clouds
intrinsic emission can be ~25 K or 58 K or some more. The registered maximum
value of the contrast of hail intrinsic emission is ~165 K. So, the difference be-

tween hail and rain clouds intrinsic emissions is more than 100 K.

5. Discussion of the Results

Thus, the results obtained during laboratory researches and presented in Figure
9 and Figure 11 showed that the nature of the behavior of the changes of intrin-

sic emission of water transforming (converting) into ice is steady and is repeated

The sun’s contribution ~269K
--------------------------- T/ (the maximum- of the sun-at-17:58)

1 11.07.2020

Hail max. (~165 K)
Hail

a3ejjoA ndin

'-‘
vy
Rain cloud | '|‘

| (~ 58K) ‘ N
. 2 iy Rain cloud N, /", Endrecord ata 21:12
The signal of the clear bkyl i (~ 25K (the electricity in the
\l y area has been cut off)

sid eSS 2000's
I Start recording at 14: 16 The signal of the clear sky
dV: 942V Time

Figure 18. A sample of recording of the transient recorder on the monitor screen of the
computer.
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from experiment to experiment. Frozen and icy water becomes a powerful ab-
sorber of Ku-band radio waves. It means that frozen water droplets will re-
duce radar cross section of hail cloud, that is will reduce the power of back-
scattered radar signals. In opposite, dry and solidified (hardened) ice becomes a
radio-transparent material for the same radio wave range. And, therefore, the
hardened (solidified) and dried hail pellets will simply pass radio signals through
themselves, thereby reducing radar cross section and reducing backscattered ra-
dar signal power. As for other ranges of radio waves, then with a decrease in the
length of the radio wave (with an increase in frequency), the nature of the
changes of intrinsic emissions of water and ice will probably remain the same.
And with an increase in the length of the radio wave (with a decrease in fre-
quency), the nature of changes of intrinsic emissions of water and ice possibly
can change significantly. However, these issues require a separate and thorough
study, which goes beyond our interests. The results obtained during laboratory
experiments show once more that, indeed, radars are not suitable for the timely
detection and identification (classification) of hail with a high probability, as
mentioned in [3]. In contrary, radiometers can become an effective means of
sensing for timely detection and recognition of hail with a high probability on
long-distance approaches up to 12 - 15 km. This statement is also mentioned in
[3].

The results of field trials selectively represented in Figures 14-17 show that
ArtAr-HDF can detect and recognize hail at the distance of up to ~12 - 15 km
with high probability and timely warn means of anti-hail protection about com-
ing danger. It is due the fact that intrinsic emission of hail cloud in Ku band of
radio frequencies differs significantly from the intrinsic radiation of a rain cloud.
The difference between hail and rain clouds intrinsic emissions can be more
than 100 K. Hence, ArtAr-HDF can be successfully used for creation of global
network of anti-hail protection. In Figure 19 a third prototype of ArtAr-HDF is
presented which may be used without a dish if to change something in feed horn
of LNB. A power consumption of ArtAr-HDF will not be more than 2 - 3 W. A
power supply of ArtAr-HDF is DC 12V or 24 V and AC ~110 - 220 V.

Figure 19. ArtAr-HDF. 1—LNB, 2—A low-frequency part, 3—A power supply.
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6. Conclusion

Thus, the results of laboratory measurements of water and ice emission charac-
teristics have shown that radar is not suitable for the timely detection and identi-
fication of hail with a high probability which is very important for timely start-
ing up of means of anti-hail protection. In opposite, radiometers can become an
effective means of sensing for timely detection and recognition of hail with a
high probability on long-distance approaches up to ~12 km. The intrinsic emis-
sion of hail cloud in Ku band of radio frequencies differs significantly from the
intrinsic radiation of rain cloud. It is developed a cheap hail detector-forecaster
which can be successfully used for timely detection and prediction of hail at a
distance up to 12 - 15 km and for creation of a global network of anti-hail pro-

tection.
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