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Abstract

Atmospheric electricity measurements are very sensitive to weather conditions. Fair weather for
atmospheric electricity in Kamchatka (Russia) was determined by the method of expert assessment
at an observatory. After the transition to automated digital methods for measuring meteorological
parameters, the necessity to determine the criteria of fair weather appeared. In this paper we developed
the criteria for fair weather based on digital measurements in summer and winter observation periods
in view of a limited set of meteorological instruments. Data base of fair weather since 2009 up to the
present time was created. We suggest the algorithm to determine fog during a day on the basis of
air humidity measurements. Morning convective generator effect occurs sometimes in the diurnal
variation of atmospheric electricity. The morning convection maximum is determined by the sunrise
time. This entails the problems of averaging the electric field diurnal variation over a long time period.
It is suggested to take into account the days with morning convective generator effect and the days
without this effect separately when processing data long series.

Keywords: atmospheric electricity; fair weather

1. Introduction

Atmospheric electric field (AEF) is formed by the potential difference between the positively-
charged ionosphere and the negatively-charged ground. This ground-ionosphere condenser is charged
in the regions with lightning and discharged in fair weather (FW) regions. The flowing currents form
the global electric circuit (GEC) [1-3]. In the quasi-steady case, the vertical component of electric field
strength is equal to the potential gradient (PG) with an opposite sign, Ez = —PG. PG diurnal variation
over oceans demonstrate unitary diurnal variation reaching the minimum at about 03:00 UT and
the maximum at about 19:00 UT, that is called Carnegie curve [4]. PG diurnal average demonstrates
strong similarity with the Carnegie curve in polar regions [5-7]. At Vostok station (Antarctica),
almost ideal correlation both in form and in amplitude was observed between the PG average curve
and the Carnegie curve [5]. However, the PG, measured at middle and southern latitudes, shows
deviations both in form and in amplitude compared to the Carnegie curve. This occurs mainly due to
the geographic location of measurements, air pollution impact, meteorological parameters changes
(temperature, wind, relative humidity etc.). PG diurnal variation maximums at many stations fall
within the local morning time close to sunrise. Such maximums are observed in China [8], Pakistan
[9], India [10,11], Israel [12,13]. There are cases when the PG diurnal maximums occur during local
evening or nighttime hours [14,15].

We consider a PG morning maximum. Chalmers noted that increases in the conductivity current
of atmosphere - ground and in PG were observed during the sunrise and just after it [16]. This is
associated with convective and turbulent processes in the near-ground air due to the beginning of
warming of the ground surface and air aeroion upward transfer. Current generation in the morning
was called morning convective generator (MCG) [17]. At Paratunka observatory (¢ = 52.97° N;
A = 158.25° E), located 50 km from the Pacific Ocean coast on Kamchatka peninsula (Russia), the PG
maximum is observed at local morning time in FW conditions.

The history of determining the FW dates back more than a century. During the Carnegie schooner
expedition, FW criteria included description of PG curve. This was necessary to determine the norm
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for PG measurements. When the norm was determined, PG description was excluded from the
criteria. That made it possible to search for PG anomalies in FW conditions. In case of a limited set of
meteorological instruments, there is a necessity to find such approaches, which would compensate data
absence. The authors [18] proposed to use ERA5 reanalysis for measurements at Lerwick observatory.
At Paratunka observatory, there is no instrument to measure the amount of clouds, however, there is
an instrument to measure solar energy flux density. The paper presents criteria of FW meteorological
parameters, which completely describe weather state and allow us to apply them in real time mode.

2. History of Determination of Fair Weather

During the Carnegie schooner expeditions (1909-1929), when PG unitary variation was deter-
mined, the criteria for data sampling were the following [19]:

* no negative PG values during a day;
e PGis always less than 1000 V/m during a day.

An approach similar to magnetic measurements was used at Lerwick observatory (UK) (1927-
1963) The UK Met Office classification system recorded a day with only positive PG values as type 0,
while days with negative PG records were categorized as 1 or 2 according to the duration of negative
PG. A letter (a, b, or c) was appended after those numbers to signify the range and frequency of
extreme PG values encountered [20].

In 1964, other criteria were introduced. They were based on the recommendations of the working
party of the United Committee on Atmospheric Electricity organized on the basis of the International
Association of Meteorology and Atmosphere Physics (IAMAP) and International Association of
Geomagnetism and Aeronomy (IAGA). They are:

1.  no hydrometeors;

2. no low stratus clouds (cloud base is higher than 300 m);

3. cumuliform clouds with the size up to three eighth until it affects the PG record or not more than
one eighth if it does;

4. ground wind average hourly velocity (measured at the height of 10 m) of less than 8m /s.

These four criteria can significantly affect the PG data sampling. Criterion 1 is used to avoid rain,
hail and snow effect. Criterion 2 is used to avoid fog and very low cloudiness effect. Criterion 3 is used
to avoid strong effects, which may occur as the result of passage of an intensively electrified convective
cloud over an observation point. Criterion 4 decreases local effects, associated with resuspension of
dust and snow, which can transfer charge, and minimize bias currents occurring during space charge
blowing out [19].

In 1965, in the «Instruction on preparation of the content and publication of the results of at-
mospheric electric observations», published by the Main Geophysical Observatory (MGO) named
after Alexander Ivanovich Voeykov in Leningrad, electrically favorable conditions implied absence of
negative PG, PG exceeding 1000 V/m and the amount of clouds of less than 3 as well as absence of
precipitation, fog, local or remote lightning [21].

Then, fair weather conditions were determined as follows: air temperature within the range from
—50 to +50°C; air pressure from 650 to 1080 hPa; amount of clouds of not more than 3; wind velocity
up to 6m /s, absence of thunderstorm, precipitation, fog, mist, snowdrift, snowstorm.

At the present time, the Russian Meteorological Service accepts the following fair weather condi-
tions: absence of thunderstorm, precipitation, frost, rime, fog, intensive or moderate mist (visibility is
more than 4 km), low cloudiness, in particular cumulus clouds (the amount of clouds is not more than
3), as well as absence of snowstorm, snowdrift, dust wind and wind exceeding 6m /s [22].

In GloCAEM (Global Coordination of Atmospheric Electricity Measurements) network, the
following criteria of fair weather were accepted [19,23]:

¢ No hydrometeors;
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*  No low stratus clouds. Maximally, 3 octas of cumulus clouds or not than 1 octa when electric
effects are clear;

*  Wind velocity at the height of 2 m is determined by the formula: 1m/s < u2 < 7m/s.

In Chinese Meridian Project network, the following criteria were accepted [8]:

wind speed < 8m/s;

relative humidity < 80%;

visibility > 15km;

no precipitation;

AEFEF value between 0 and 1kV /m;

geomagnetic activity index Kp < 3.

AN N

Not all the observatories, where AEF is measured, are equipped with a complete set of meteoro-
logical instruments making it possible to take all FW factors into account. In this paper, we consider
the ways of determining the FW conditions based on a limited set of measurements of meteorological
parameters.

3. Measurement Instrumentation and Methods at Paratunka Observatory

Paratunka observatory is located in the south of Kamchatka peninsula. The distance to the Pacific
ocean is about 30 km. The coordinates of the location are ¢ = 52.97° N; A = 158.25° E. The height
above the sea level is 76 m. The main instrument for AEF measurements at the Paratunka observatory
is the Pole-2 sensor, developed at the Main Geophysical Observatory, Russia. Pole-2 is an electrostatic
fluxmeter type device. Pole-2 is installed on the site 200 m from the administrative building at the
height of 3 m. The area around it is cleared from trees within the radius of 12 m. The design of the
sensor installation is such that the level surfaces of the electric field strength at the measurement point
are parallel to the ground surface (Figure 1). The lattice design allows air ions to rise freely from the
ground surface to the measurement point.

Figure 1. Installation of the Pole-2 instrument at the observatory.

An experiment to estimate the reduction was carried out at Paratunka observatory. The second
AEF sensor was installed at the ground level. Then, the data measured at the height of 3 m and the
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data measured at the ground level were compared and the value of the relation for these data was
estimated. To form a data base of AEF measurements, we multiply the data obtained at the height of 3
m by this coefficient and obtain the data adjusted for the ground level. This coefficient is constant for
all seasons.

The electric characteristics of the lower atmosphere are highly dependent on meteorological
conditions. Therefore, the instruments of Paratunka observatory include a digital weather station.
It measures the following parameters: air temperature, humidity, wind velocity, wind direction, air
pressure, precipitation level and solar energy flux density. The measurement interval is 10 min. A
researcher keeps a log of observations. Meteorological phenomena, the level of cloudiness, the snow
level in winter, and fog are recorded there. The rain gauge can measure only liquid precipitation
correctly. The phenomenon of snowfall is determined by records in the observation log and by
measuring the snow cover.

4. Morning Convective Generator Effect

PG diurnal variation maximums, coinciding in time with local sunrise, are observed in fair
weather conditions at many observatories of the globe. Such observatories are located at middle and
southern latitudes. PG diurnal variation maximums close to sunrise are also determined when data
over several-year period are averaged [8,9,11-13].

Morning convective generator effect can be represented as follows. Electric current density in the
atmosphere in FW conditions is described by the formula:

j=AE+pV+ D/ p, 1)

where A is the electrical conductivity of the atmosphere; E is the electric field strength; p is the density of
electric charges; V is the hydrodynamic velocity of the medium; Dy is the turbulent diffusion coefficient.
In a quasistatinary case, current density is determined by the first term and attributed to the effect of
the global electric circuit (GEC). After the sunrise, as the result of turbulent heat transfer, turbulent
mixing processes (D; 7/ p) come into action as well as the mechanic upward transfer (pV) of positive
space charge, accumulated over a night near the ground surface, by air convective flow. This, in its
turn, causes PG increase near the ground surface and intensification of electric conductive current.

Figure 2 shows the examples of PG diurnal variation in FW conditions at Paratunka observatory.
Local time in Paratunka is shifted by 12 hours relatively the universal time, LT = UTC + 12. Figure 2a
illustrates the PG diurnal variation on February 28, 2025. The maximum wind velocity at the height
of 25 m was 4.0m /s, air pressure was 1009.4 hPa, solar energy flux density was 642W /m?. Figure 2b
represents the PG diurnal variation on November 3, 2024. The maximum wind velocity at the height
of 25 m was 4.5 m/s, air pressure was 1007.4 hPa, solar energy flux density was 455W / m2.
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Figure 2. PG diurnal variations on February 28, 2025 (b) November 3, 2024. Blue arrow indicates the sunset time,
red arrow indicates the sunrise time.

As we see for similar weather conditions, the morning convection effect is observed (Figure 2b) in
some cases and not observed in other cases (Figure 2a).

The peculiarity of Paratunka observatory location is the time closeness of unitary variation
maximum to PG maximum in local mornings. To determine the PG morning maximum nature, the
following experiment was carried out. The PG was measured simultaneously with air temperatures at
the heights of 3 and 25 m. Graphs of temperature difference dT at these heights and PG graphs were
constructed. High correlation of 0.7 between dT and PG was obtained. This experiment was described
in detail in the paper [22].

Days with morning convection effect were selected for the period from January 1, 2004 until
November 1, 2020. There turned to be 300 days. Figure 3 shows a histogram of month distribution of
such days. PG diurnal variation with maximum values during morning hours in FW conditions is
more frequently observed in March and October.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202510.1507.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 October 2025

60 -

50 +

40 |

0 . . . . . . . . . A
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

T, month

Figure 3. Histogram of month distribution of the number of days with the PG morning maximum.

We construct the following graph. We plot the sunrise time UTC on the abscissa and the PG
diurnal variation maximum time UTC in FW conditions on the ordinate. Then we approximate the
data according to the formula Y=AX+B. If the A coefficient in this formula is close to zero, then the
PG maximum near Paratunka observatory is determined by unitary variation. If the A coefficient
is close to 1, the PG coefficient is determined by local factors. In Figure 4, the asterisks show the
observed maximums of PG diurnal variation in FW conditions, and the straight line indicates their
approximations according to this formula. As the result of the approximation it was obtained that A =
0.92, B = 2.5, the mean-root-square error is = 0.03. The correlation coefficient is equal to 0.9. Thus, the
PG diurnal variation maximum time is shifted during a year along with the sunrise time in the region.

time of the maximum PG, hours UTC
24 T T T

23
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Figure 4. The asterisks indicate the PG diurnal variation maximums. The straight line is the value linear

approximation. The abscissa axis is the sunrise time, the ordinate axis is the time of the PG diurnal variation
maximum.

5. Selecting the Fair Weather Criteria

In all cases, the morning convective generator occurs in fair weather conditions, thus we will take
just these parameters of meteorological measurements as the basis. Air pressure, relative humidity,
wind velocity at the height of 25 m, air temperature and solar energy flux density are measure at
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the observatory automatically in real time mode. Moreover, observers keep a log where they record
weather conditions manually. The MCG occurs during the following magnitude values over a day:

¢ humidity minimum 16 — 67%;

e wind0—12m/s;

®  air pressure 982.2 — 1035.9 hPa;

e solar radiation 352 — 520W /m?.

We consider each parameter separately.

5.1. Precipitation

Hydrometeors must not be presented in FW conditions. Precipitation gauge must show 0 mm.
However, real precipitation gauge cannot always catch all types of hydrometeors and we relied on
observation log records when selecting archive data. Indirect indication of precipitation is the air
humidity value.

5.2. Air Humidity

The more significant parameter of FW is not the air average humidity but its minimum value.
Having set the threshold value of humidity minimum, we can eliminate drizzle, small rain, humid
and cloudy weather, long-time fog.

When analyzing the data, we obtained the following values: for the summer period Hmin < 67%,
for the winter period Hmin < 69%.

5.3. Fog

The PG diurnal variation is affected not by short-time but long-time fog. At other observatories,
fog is determined by the visibility distance. For Kamchatka climate, air humidity of more than 95% for
more than 3 hours is the fog characteristics. This threshold humidity value helps us to determine not
only fog but wet cloudy weather as well.

5.4. Solar Energy Flux Density

Cloudiness level can be assessed by the solar energy flux density. Clouds prevent penetration
of sunlight to the ground surface and decrease its value. Processing results showed that this value
should be > 520W /m? for summertime and > 350W /m? for wintertime in FW conditions.

5.5. Wind Velocity

It is very important to know at what height a sensor is installed for wind velocity measurements.
At Paratunka observatory, the measurements are carried out at the height of 25 m. In order to reduce
the wind velocity value at the height of 25 m to the wind velocity at the height of 2 m, we use the
following formula:

u2 = u25/(25/2)'7, 2)

Wind velocity equal to 12m/s at the height of 25 m corresponds to the wind velocity of 8.4m /s at
the height of 2 m. This value is close to the analogous criteria of FW.

It was suggested in the paper [19] to begin the left limit for the wind velocity not from 0 but from
1m/s. The reason for such a change was the following. In the conditions of wind low velocity, charged
aerosol can be collected near the PG sensor. It will be scattered during over-ventilation. The collected
aerosol scattering will prevent the MCG generation. We consider to what extent application of such
a criterion for wind velocity will release from the MCG effect under the observation conditions at
Paratunka observatory. We select the MCG effect data from July 2009 to April 1, 2025 with 10-minute
averaging. We estimate the wind velocity maximum value over a day. According to formula 2, wind
velocity of 1 m/s at the height of 2 m corresponds to wind velocity of 1,4m /s at the height of 25 m.
The statistics includes 542 cases of MCG. Only 22 cases from them occurred when the wind velocity is
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< 1.5m/s. That means that if we rise the lower boundary of wind velocity criterion from 0 to 1.4m/s,
we exclude only 4% of MCG cases.

5.6. Air Pressure

Air pressure is an important factor of weather. Low air pressure indicates cyclone approach that
entails rain, snow, wind, low cloudiness. High air pressure means anticyclone, clear weather, windless
conditions, clear sky. However, the criteria which were listed above, describe weather state more
accurately and overlap the range of acceptable values of air pressure. Thus, any limits on this criterion
are needless.

5.7. Additional Parameters

Kamchatka is the region with high seismic activity. In FW conditions negative PG anomalies
are sometimes observed before earthquakes [24]. During magnetic storms, positive and negative
anomalies are observed [25]. Thus, if we want to investigate PG anomalies associated with seismic
activity, we have to demand the planetary magnetic activity index Kp < 4. If we want to investigate
the solar activity impact on PG in FW conditions, we should introduce limits for seismic activity in the
region with the magnitude < 4.

The climate peculiarity on Kamchatka peninsula is its formation by the cyclones passing at middle
latitudes of the Pacific ocean. As the result of this, meteorological parameters on the peninsula change
very slowly compared to the changes on the continents. Thus, it is reasonable here to apply weather
criteria over a day under investigation.

Thus, FW criteria during a day for Paratunka observatory are:

for summer time
*  precipitation 0 mm;
¢  maximum wind velocity u25 < 12m/s;
¢ air humidity minimum <67%;

e maximum solar energy flux density > 520W /m?;
¢ air humidity of more than 95% for less than 3 hours.

for winter time

®  precipitation 0 mm;

*  maximum wind velocity 425 < 12m/s;

* air humidity minimum <69%;

e maximum solar energy flux density > 350W /m?;

¢ air humidity of more than 95% for less than 3 hours.

6. Application of FW Criteria for Long Data Series Processing

We apply the obtained FW criteria for processing the PG data at Paratunka observatory. When
processing the data long series, we can take into account the challenges. We should accept that morning
convection is the determining factor of PG diurnal variations in FW conditions. Figure 5 shows the
PG diurnal variation for the period from July 1, 2009 to January 1, 2025 with the root-mean-square
deviation (1362 events). Figure 5a shows all the PG data during FW conditions that we obtained.
We see diurnal variation maximum during the local morning hours. Figure 5b illustrates only the
data, during which MCG (525 events) occurred, Fig. 5c presents the data without the MCG effect (837
events). The MCG effect occurred in 39% of the total number of days with FW. For Kamchatka climate,
90 days per a year are characterized by fair weather, determined with the suggested criteria.
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Figure 5. PG diurnal variation (a), all the data in FW conditions, (b) data only with MCG, (c) data without MCG
effect.

Such a type of figures as in Fig. 5 has the following disadvantage. The maximum time is
determined by the sunrise time. For Paratunka observatory (¢ = 52°58'21), the sunrise time difference
within a year achieves 4.6 hours. This gives high error in the determination of the maximum time.
More informative graph is illustrated in Figure 6. It shows the contour plot of diurnal-annual variation
in FW AEF values for the same time period for all the values. Data for December are less representative
as long as there are not always days with FW conditions. The MCG effect can also be seen on this
graph.
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Figure 6. Contour plot of diurnal-annual variation in FW AEF values. The x-axis shows both UT and LT. The

y-axis denotes calendar month.

For more accurate detection of the MCG effect, we construct a similar graph for the days with
convection effect (Figure 7). It is clearly seen that diurnal variation maximaums migrate along with
the time of sunrise, forming the «<» sign. For the observatories in the southern hemisphere, they will
form the «>» sign during a year during the same mechanism of maximum formation.
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Figure 7. Contour plot of diurnal-annual variation in FW AEF values with convection. The x-axis shows both UT
and LT. The y-axis denotes calendar month.

7. Conclusions

1. The descriptive character of fair weather for atmospheric electricity measurements, when the
meteorological parameter set is limited, was changed to concrete numerical values during a day.
For summer time:
®  precipitation 0 mm;
¢ maximum wind velocity u25 < 12m/s;
* air humidity minimum <67%;
e maximum solar energy flux density > 520W /m?;
® air humidity of more than 95% for less than 3 hours.
For winter time:
®  precipitation 0 mm;
¢ maximum wind velocity u25 < 12m/s;
* air humidity minimum <69%;
e maximum solar energy flux density > 350W /m?;
® air humidity of more than 95% for less than 3 hours.

2. For the mid-latitudinal Paratunka observatory, the AEF diurnal variation in FW conditions is
determined by electric field morning convective generator in 39% of cases.

3. At Paratunka observatory, the morning convective generator of atmospheric electricity is the
most frequently observed in March and October.
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Abbreviations

The following abbreviations are used in this manuscript:

AEF Atmospheric electric field

FW fair weather

GEC global electric circuit

PG potential gradient

GloCAEM  Global Coordination of Atmospheric Electricity Measurements

MCG Morning convective generator
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