Spring tides in the atmosphere
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The years 2016/2017 marked the most striking manifestation of 206-day lunar cycles in
weather over European Russia. The smoothed air temperature anomalies followed the variations
in the perigee distance (that is, the distance between the Moon and the Earth at times when the
Moon is at the nearest point to the Earth, i.e., at the perigee), which represents a sinusoid with a
period of 206 days [2].
The 206-day cyclicity results from beats produced by interference of close frequencies of
the anomalistic month (27.55 days between two successive perigees) and the synodic month
(29.53 days between two successive new moons). This phenomenon is easy to observe by
comparing the durations of full moons and new moons [3] or by keeping track of variations in
the height of spring tides, i.e., tides at syzygies (at times of new and full moons) [1].
The main feature of spring tides is that the curve for each syzygy is well approximated by a
sinusoid (beat envelope) with a period of 412 days, and their phases differ by 180° (Fig. 1).
Therefore, for any tidal characteristic, every positive anomaly at one syzygy corresponds to a
negative anomaly at the next syzygy. The cause is that the orbit of the Moon is elliptic. If a full
moon coincides in time with perigee, the distance from the Moon to the Earth is reduced to the
minimum and the tidal force becomes maximum (positive anomalies). Roughly in a half-month,
at a new moon, the Moon reaches an opposite point of the orbit, i.e., it is at the maximum
distance from the Earth (near apogee) and the tidal force becomes minimum (negative
anomalies). In 27.55 days, the Moon returns to the perigee, but it happens two days earlier than
full moon. Next time, it returns four days earlier, and so on. With every lunar revolution, the
tidal force decreases at full moon and increases at new moon and, after 3.5 synodic months, the
spring tides at full and new moon become of equal size (at a beat node) and then the tidal force at
new moon dominates that at full moon, reaching the maximum range (at a antinodes or crest)
after 7 synodic months. Next, the range again decreases up to the next node, which occurs in 3.5
months, and so on. A change in the sign of the anomalies from full to new moons and back
always happens at beat nodes in 206 days.
The appearance of a 206-day cycle in the 2017 weather prompted our study of spring tides
in the atmosphere, which should be exhibited in oscillations of atmospheric pressure in a similar
manner to the spring tides in Fig. 1 [1]. Specifically, a series of three-hour ground-surface
pressure measured at the VDNKh weather station in Moscow over the last two years was used to
calculate daily mean pressure values and their anomalies. The daily pressures at the Moscow
State University meteorological observatory averaged over 1966–2010 were used as normals [4].
Next, for each full moon day, we chose the daily mean pressure anomaly over this day. A
series of atmospheric pressure anomalies for all new moons was separately generated in a similar
manner. With the help of Excel, the atmospheric pressure anomalies at the VDNKh weather
station were plotted for full moons (open circles on the red curve) and for new moons (solid
circles) over 2016–2017 (Fig. 2).
Figure 2 shows that the spring oscillations of atmospheric pressure are highly noisy as
compared with the spring sea tides (Fig. 1). Nevertheless, we can observe the basic features of
the atmospheric spring tides, namely, nodes (in the summer of 2016 and May of 2017) and
antinodes (in February–March and September–October of 2017). It can be seen that the pressure
anomalies at new and full moons are of different signs. The pressure anomalies at full and new
moons can be approximated by sinusoids with beat envelope periods of about 412 days and with
opposite phases. The range of the oscillations at antinodes reaches 40 mb, which is comparable
in order of magnitude with spring tides in the ocean [1].

Thus, Fig. 2 suggests that the geodynamical forces in 2016/2017 were able to overcome the
stochastic thermodynamics of the atmosphere and imposed their celestial-mechanical tidal
rhythm on the weather evolution and the variations in pressure and temperature in Moscow. The
striking manifestation of a 206-day lunar cycle in the 2016/2017 weather in Moscow was
associated with spring tides in the atmosphere. The 206-day cycle of spring tides violated the
normal seasonal variations in meteorological characteristics and led to numerous local record
measurements of daily weather parameters over European Russia in 2016/2017.

Fig. 1. Spring tides in Murmansk over 1977–1979: (1) full moon and (2) new moon.

Fig. 2. Spring oscillations of the atmospheric pressure measured at the VDNKh weather station
over 2016/2017.
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