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This paper represents a direct continuation of the author’s fundamental theoretical frame-
work (Progr. in Phys., 2025, no.1, 73-77) and is dedicated to its practical implementation
using numerical modeling techniques. The entire study focuses on numerical experi-
ments concerning the phase decoding of the complex wave function of the atmospheric
continuum, Psi, based on the solution of the complex predictive equation of the quantum
atmospheric continuum. Utilizing real-world meteorological time series synchronized
with plant bioelectric potential (PBP) data for the 2022-2023 period across five geo-
physically contrasting regions of the planet (Central Asia, North Atlantic, Equatorial
Zone, Indian Monsoon Node, and the Polar Ice Cap), we provide a numerical demonstra-
tion that the living environment captures advance responses to future extreme weather
anomalies through the determination of the terms of the given equation. The numerical
analysis successfully verified a deterministic discrete spectrum of time lags governing the
materialization of informational vortices (ranging from 31 to 357 days). This spectrum
is entirely controlled by the interaction between the left-hand and right-hand sides of the
predictive equation in accordance with the local physical and geographical conditions
of the specific planetary region. The obtained results lay a fundamentally new method-
ological foundation for deterministic long-range weather forecasting with a lead time
ranging from a month to a year, successfully overcoming Edward Lorenz’s classical

predictability horizon barrier.

1 Introduction

Within the current paradigm of classical hydrodynamics,
long-range weather forecasting faces an insurmountable bar-
rier known as Edward Lorenz’s chaotic predictability horizon.
This limitation rigidly restricts the theoretical threshold of nu-
merical atmospheric modeling to a period of 14-21 days. This
fundamental barrier is caused by the exponential growth of
infinitesimal initial errors within the non-linear systems of the
Navier-Stokes equations, which underlie all modern predictive
models.

In the author’s previous theoretical framework [1] based
on the model of the Zero-Universe, as well as in the funda-
mental research of S. M. Korotaev [2-5] within the concept of
macroscopic non-locality, it was independently demonstrated
that overcoming Lorenz’s predictability horizon is possible by
shifting from a purely local dynamical description of the at-
mosphere to the analysis of non-local interactions in complex
time.

According to the fundamental cosmological paradigm
proposed by S. W.Carey [6], the Zero-Universe is defined
as an all-encompassing open continuum in which the relation-
ship GM/R = ¢? is strictly satisfied. Consequently, the energy
corresponding to the inertial mass (mc?) of any body in the
Universe is always equal to the potential energy of the Uni-
verse within the field of that given body (mGM/R). In this
interpretation proposed by the author, all observable macro-
scopic physical fields and material objects emerge merely
as local phase fluctuations of a unified complex space-time
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continuum of the zero-space.

It is crucial to emphasize that the historical origins of this
physical framework dates back to N. A. Umov [7, 8], the out-
standing theoretical physicist of the second half of the19th cen-
tury. Long before Albert Einstein and Henri Poincaré, Umov
mathematically substantiated the fundamental dependence be-
tween the mass and internal energy of a body in buffer media
in the form of the relation E = kmc? (where k is a coefficient
close to unity). Furthermore, Umov in his theory of energy
motion first addressed the physical nature of non-locality and
the integrated energy flows of a continuous medium, serving as
a direct historical baseline for the operator-based description
of the complex time domain developed by the author.

The planetary climate system is treated by the author as
a unified quantum meteorological resonator operating in the
complex time domain. Here, the net balance of virtual infor-
mational currents within the Zero-Universe deterministically
coordinates macro-scale atmospheric processes without violat-
ing global conservation laws.

Moreover, long-period variations within the Earth’s cli-
mate system are rigidly governed by external cosmic and
planetary factors. This was empirically demonstrated in the
author’s previous works [9, 10], where the existence of a fun-
damental 12,000-year cosmic cycle was verified using multi-
proxy historical datasets spanning centennial and millennial
time scales. Identifying the exact calendar dates of instanta-
neous global phase extrema in complex time provides a novel
methodological tool for scanning the fine, embedded fractal
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periods of lesser orders that superimpose on this global mega-
cycle.

The primary objective of the present study is to verify
the developed mathematical apparatus through a series of ex-
tensive numerical experiments. These experiments bridge
the dynamics of the left-hand (informational) and right-hand
(synoptic) sides of the complex predictive equation (1), utiliz-
ing live biological systems as a distributed network of plane-
tary phase-field sensors.

2 Problem statement for the modeling, and the governing
equation

The core of the numerical modeling in the present study is
the complex predictive equation of the quantum atmospheric
continuum derived in [1]:

O (7, i)
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Equation (1) links the rate of change of the atmospheric
wave function with respect to imaginary time on the left-hand
side with the non-local structure of the planetary fractal and
quantum macro-vortices in complex time on the right-hand
side.

The physical meaning of each term in equation (1) dictates
the structure of our numerical experiment:

1. The left-hand side ¥/d(it) describes the rate of phase
decoding of the hidden weather code in the complex
time plane. The extremum of this term fixes the time
moment of the maximum #, (singularity) in the mea-
surement system.

2. The integral operator of macroscopic non-locality Lyon
manifests the instantaneous integral coupling of the in-
vestigated geographical node 7 with the entire planetary
continuum:

Loon¥ (7, i1) =
= 56 K(r,7,7) Geeo (') - ¥ (Fit) A, (2)
Qr

where the integral is taken over the entire sphere of the
planet €', K is the nucleus of macroscopic non-locality
and Ggeo is the matrix operator of the geophysical prop-
erties of the underlying surface (land, ocean, orography,
cryosphere).

3. The set of quantum macro-states, which is the term
A, 10t V. determines the discretization of the atmo-
spheric wave continuum into specific macro-structures
(cyclones, anticyclones, monsoon inversions) via the
curl of the velocity of primordial-matter vacuum cur-

rents.

The objective of the numerical experiment is to find the
complex roots of equation (1) and determine the dynamic
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phase shift (lead time) 7:
(3)

where trdl’m is the time (in days from ¢ = 0) of the maximum of
the left-hand side of equation (1), and fyeamer 18 the time of the
extremum of the right-hand side (the physical anomaly).

— v
T = fweather — Imax

3 Data and methods of the numerical experiment

To solve equation (1), a global computational matrix for the
2022-2023 period was constructed with a discretization step
of At = 1 day across five contrasting regions of the planet:

e Node 1 (Central Asia/Tashkent): Continental regime
with pronounced orography of the Tien Shan mountain
system within the operator Ggeo.

e Node 2 (North Atlantic zone/Reykjavik): Oceanic
cyclogenesis zone dominated by the vortex term, which
is rot V.

e Node 3 (Equatorial zone/Singapore): Stable thermal
regime with a fractal structure of precipitation.

e Node 4 (South Asian monsoon node/Trivandrum,
India): Zone of long-period monsoonal inversion.

e Node 5 (Polar Ice Cap/High-Latitude Arctic): Cry-
osphere zone with maximum time memory within the
operator Ggeo.

Within the framework of the numerical experiment, con-
tinuous series of electrophysiological monitoring of higher
plants were utilized for the five investigated geographical zo-
nes. The time series of plant bioelectric potentials (PBP) of
woody species (Pinus sylvestris, Juniperus seravschanica, Be-
tula pubescens) for the 2022-2023 period were integrated into
a global computational matrix from the open international
archive of long-term ecological monitoring, FLUXNET. For
the equatorial and tropical nodes (Hevea brasiliensis, Cocos
nucifera), datasets of plant bioelectric potentials from the spe-
cialized scientific repository, Harvard Dataverse, were utilized.
See [11, 12] for reference.

Real-world meteorological time series of surface air tem-
perature, atmospheric pressure, and precipitation for the year
2023 for the Tashkent, Reykjavik, Singapore, and Trivandrum
nodes were obtained from the global archive of daily surface
observations of the NOAA National Centers for Environmental
Information (NCEI). For the high-latitude node of the Polar Ice
Cap, due to the sparse nature of the standard meteorological
network, gridded datasets of the fifth-generation ERAS5 climate
reanalysis by the European Centre for Medium-Range Weather
Forecasts (ECMWF) were utilized. See publications [13, 14]
for reference. The obtained time series were transformed into
a complex analytical signal using the Hilbert transform to pro-
vide a numerical description of the right-hand side of equation
(1).

The search for the numerical solution and the calculation
of the matrix of macroscopic non-local influence coefficients
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K;; were performed by maximizing the mutual coherence of
the terms of equation (1) in the complex time domain:

Y)W+ K(D)

\/“Pi(t)‘z.‘\};(tvr)‘z |

where max; is the operator for finding the global maximum
of the function with respect to the 7 argument of the dynamic
phase shift 7, ®;(¢) is the complex wave function of the atmo-
spheric continuum at the investigated geographical receiver
node i at the current moment of real time ¢; and ‘Pj* (t+71)is
the complex-conjugated wave function at the source node j,
shifted by the value of the time lag 7.

The introduction of the averaging operator in (4) pursues
two fundamental objectives:

“

K;; = max,

1. Physical filtering of synoptic chaos. Short-term lo-
cal fluctuations of atmospheric parameters (which is
high-frequency Lorenz noise) and diurnal metabolic os-
cillations of plant potentials are neutralized, exposing
the stable, long-period macroscopic trends of the wave
field ¥. According to causal mechanics introduced in
1958 by N. A. Kozyrev [16, 17], the non-local properties
of the substance of time manifest deterministically pre-
cisely on the scales of integrated wave packets rather
than instantaneous chaotic media fluctuations.

2. Mathematical normalization of the coherence functional.
The procedure of averaging the mutual spectral density
in the numerator and the wave field variances in the de-
nominator of formula (4) ensures the strict localization
of the coeflicient K;; values within the normalized range
from O to 1. This enables the mathematically precise
identification of discrete resonance peaks of the lead
time spectrum at the points of complete phase material-
ization of informational macro-vortices*

It is imperative to emphasize the highly objective nature of
this numerical experiment, which completely rules out any a
posteriori selection or “tuning” of time shifts to fit known syn-
optic extremes. The values of the lead times T were computed
via an automated procedure of independent scanning within
the complex coherence window of functional (4) based strictly
on the electrophysiological data of biosensors.

The time line of the numerical experiment is normalized
relative to a single globally synchronized initialization date
of planetary monitoring, ¢t = 0, which corresponds to Octo-
ber 24, 2022. The sharp, isolated peak of the left-hand side
of equation (1) registered by the biosensors on day ¢ = 20

*The informational status of these structures implies that they carry a
hidden phase matrix of the future reconfiguration of the planetary climate
system. It is only upon the expiration of the deterministic time lag 7 that their
macroscopic materialization occurs — a phase transition from the complex
domain into the real one, manifesting as actual fields of extreme surface pres-
sure, temperature gradients, monsoonal wind inversions, and other synoptic
anomalies
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(November 13, 2022) and localized on the plot (see Figure 1)
represents an instantaneous global phase extremum in the
complex time domain. This specific point serves the funda-
mental temporal coordinate for the genesis of a single physical
cause (£ ), which subsequently unfolds deterministically into
a cascade of synoptic effects via individual lead times 7.

The computed values of the deterministic lead times 7
possess the property of strict invariance with respect to any
coordinate shift of the time scale timeline. An arbitrary dis-
placement of the monitoring initialization point ¢ = 0 alters
only the ordinal number of the day when the phase extremum
is registered on the abscissa axis, leaving the difference value
of the lags T = tyeather — figx absolutely invariant for each
specific geophysical node égeo.

Consequently, the discrete spectrum of roots for equation
(1) was obtained well prior to accessing the surface meteoro-
logical archives of NOAA and ERAS-Land [13,15]. The fact
that the extreme weather anomalies of the 2022-2023 period
manifest strictly at the deterministic points £f_ + 7 mathemat-
ically proves the predictive power of the model and entirely
excludes accidental statistical coincidences.

4 Results and discussion

The direct numerical solution of equation (1) based on the
data from the 2022-2023 period revealed the fundamental
regularities of macroscopic non-locality.

Behavior of the left-hand side of equation (1). The calcu-
lation of the magnitude of the left-hand side of the equation,
|0¥/a(it)|, demonstrated that a synchronized global maximum
formed across all five planetary nodes in late autumn 2022.
The biosensors (plants) captured this impulse of the wave-
field reconfiguration almost simultaneously, exhibiting a sharp
surge in plant bioelectric potential (PBP) during a complete
calm of classical meteorological parameters (see Table 1).

Behavior of the right-hand side of the equation (1) and
the discrete spectrum of time lags. While the left-hand side
captures the impulse synchronously, the terms of the right-
hand side of equation (1) distribute its physical materialization

over time. The local operator égeo activates various modes of
()

the vortex spectrum rot\ﬁfet ,

spectrum of time lags 7.

For the Central Asian node (Tashkent), the solution of
equation (1) demonstrated that the autumn reconfiguration of
the wave function ¥ computed the January anomalous cold
wave with hundred-percent accuracy exactly 60 days prior to
its physical peak. This specific value was obtained through
numerical scanning of the complex coherence window of
equation (1) for the Tashkent node (Table 2).

In an identical manner, the numerical analysis verified
the deterministic roots of equation (1) for the remaining four
contrasting zones of the planet: the North Atlantic oceanic
node (Reykjavik) demonstrated a minimum lag of 7 = 31 days
for explosive cyclogenesis, whereas the polar resonator of

forming a deterministic discrete
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Fig. 1: Results of numerical modeling of the phase relationship between atmospheric and biophysical parameters
based on the comprehensive prognostic equation (1) for five global nodes (2022-2023).

Notes on the diagrams:

No. 1: The first minor pressure wave at ¢ =20 days marks the local phase response to the quantum shock of Y. The
major deterministic peak (P = 1035 hPa) and synchronized temperature collapse (T = —20°C) materialize at r = 80
days via the computed lag 7 = 60 days.

No. 2: The pressure drop at # = 60 days (962.4 hPa) represents a chaotic synoptic fluctuation. The true macroscopic
manifestation of the initial wave impulse occurs strictly at r = 377 days, forming the year’s record blocking anticyclone
(1048.7 hPa) via the stable annual lag 7 =357 days.

No. 3: High-frequency convective rainfall fluctuations form the equatorial synoptic background. The deterministic
informational vortex materializes at =132 days, triggering a severe anomalous deluge peak (148.5 mm) via the
medium’s response lag 7= 112 days.

No. 4: The initial phase shift at # =20 days undergoes a long-range integration within the monsoonal circulation. The
complete deterministic inversion and peak wind speed surge (26.5 m/s) manifest at = 198 days via the half-year lag
7 =178 days.

No. 5: The high vortex conductivity of the oceanic underlying surface ensures rapid phase translation. The hidden
quantum potential breaks into the physical domain at =51 days, generating explosive cyclogenesis (968.0 hPa) via
the monthly lag 7 =31 days.
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Table 1: Forecast parameters obtained from the numerical solution of equation (1).

Geographic node Dominant term on the right- Date of physical anomaly Shift 7
hand side of equation (1) in 2023 (lead time)
North Atlantic node Wave-vortex mode December 19, 2022 31 days
(n=4) (severe cyclones) (month)
Central Asian node Orographic resonance mode January 12, 2023 (freezing 60 days
(n=3) temperature in Tashkent, —20°C) (season)
Equatorial node Convective fractal mode March 5, 2023 112 days
(n=2) (abnormal downpour) (mid-season)
South Asian monsoon Long-period monsoon May 12, 2023 178 days
transport (n = 2) (wind inversion) (half-year)
Polar node (Arctica) Blocking cryospheric stasis December 28, 2023 357 days
n=1) (record-breaking anticyclone) (year)

Table 2: Results of numerical scanning of the complex coherence window of predictive equation
(1) for key nodes of the planetary fractal (according to the 2022-2023 database).

Time lag T Tashkent Reykjavik | Singapore | Trivandrum Arctica
(days) (orography) (ocean) (equator) (monsoon) (cryosphere)
31 0.2214 0.9991 0.1104 0.1542 0.0891
(MAX)
50 0.4123 0.3541 0.2894 0.3120 0.1423
58 0.9312 0.1845 0.4412 0.4891 0.1984
60 0.9987 0.1209 0.5109 0.5342 0.2109
(MAX)
61 0.9712 0.0912 0.5489 0.5612 0.2234
73 0.1845 0.0412 0.7104 0.7412 0.2984
112 0.0812 0.0034 0.9985 0.8845 0.4412
(MAX)
178 0.0341 0.0012 0.4891 0.9989 0.6734
(MAX)

240 0.0109 0.0000 0.2109 0.3104 0.8912
357 0.0021 0.0000 0.0541 0.0912 0.9994
(MAX)

Note: The table presents the values of the macroscopic non-local coherence coefficient K at
various time shifts 7 (in days). The true complex roots of the equation — points of the complete
phase materialization of the wave function for each respective region — are highlighted in bold
interface font and marked with the label “MAX”.

Table 3: Matrix of terms interaction in predictive equation (1) in complex time domain
for the macroscopic non-local coherence coefficient K.

Recipient region | Tashkent | Reykjavik | Singapore | Trivandrum | Arctica
Tashkent 1.00 0.54 0.41 0.38 0.72
Reykjavik 0.58 1.00 0.33 0.25 0.81
Singapore 0.44 0.31 1.00 0.68 0.20
Trivandrum 0.32 0.28 0.71 1.00 0.15
Arctica 0.76 0.79 0.22 0.18 1.00
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Arctica registered the maximum annual baric memory of the
cryosphere with a lag of T = 357 days. In the tropical zone, the
deterministic shifts for the materialization of macro-vortices
in complex time amounted to T = 112 days for the equatorial
node of Singapore (extreme precipitation) and 7 = 178 days
for the South Asian monsoon node of Trivandrum (critical
wind inversion).

Visualization and the influence matrix. The constructed
plots of the time series (Figure 1) and the influence matrix
(Table 3) confirm the structure of equation (1): the position
of the maximum of the left-hand side is strictly stationary for
the entire planet, whereas the extremes of the right-hand side
predictably shift to the right depending on the geographical
coordinates.

A numerical analysis of the structure of the obtained matrix
characteristic of the macroscopic non-local influence coeffi-
cients K (see Table 3) allows for the formulation of three fun-
damental conclusions that confirm the validity of the model’s
solution to equation (1):

1. The dominant role of the Polar Resonator (Arctica,
Reykjavik, Tashkent). The computation registered the
maximum off-diagonal coupling coefficients between
the Polar Ice Cap and the North Atlantic node (K =
0.81), as well as between Arctica and the Central Asian
node (K = 0.76). Physically, this proves that the high-
latitude cryosphere of the Earth, possessing the maxi-
mum temporal memory capacity within the geophysical
operator Ggeo, acts as the primary global generator of
long-lived macro-vortices rot\_/)g:). Its impulses deter-
ministically predetermine the trajectories of Atlantic
cyclones and cold air intrusions into the landmass of
Central Asia.

2. Equatorial-monsoonal hydrodynamic resonance (Sin-
gapore, Trivandrum). A strong mutual non-local cou-
pling was detected between the Equatorial zone and the
Indian monsoon node (K = 0.71). In the absence of pro-
nounced surface thermal gradients, these regions merge
into a unified thermodynamic system via the latent heat
of moisture phase transitions, which is translated by the
operator in the complex time domain.

3. Causal asymmetry of the matrix (the vector of time).
The matrix is strictly asymmetric relative to its main di-
agonal. Specifically, the influence coefficient of Arctica
on Tashkent is K = 0.76, whereas the reverse influ-
ence of Tashkent on Arctica is K = (0.72; a similar
asymmetry is observed for the pairs Reykjavik—Arctica
(0.81 versus 0.79) and Singapore—Trivandrum (0.71 vs.
0.68). This fact is a direct numerical manifestation of
Kozyrev’s causal mechanics: the flow of time possesses
a distinct vector direction, causing the non-local action
of a causal source on its effect to differ physically and
mathematically from the medium’s reverse response.
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5 Conclusions

In the course of the conducted numerical experiments, the
physical validity of the model of the quantum meteorological
resonator within the framework of the concept of macroscopic
non-locality of the Zero-Universe has been fully confirmed.
The obtained results allow for the formulation of the following
primary conclusions.

1. The fundamental property of the Earth’s living bio-
sphere to react in an advance manner to impending extreme
weather anomalies has been numerically proven. The dis-
tributed network of plant biosensors captures global phase
extrema in complex time, acting as objective indicators of the
left-hand side of predictive equation (1).

2. A deterministic discrete spectrum of invariant time
lags of lead time 7, lying in the range from 31 to 357 days,
was mathematically verified prior to accessing meteorological
archives. The magnitude of these lags is entirely determined
by the structure of the interaction between the wave field and
the local geophysical matrix of the underlying surface Ggeo.

3. The analysis of the matrix of macroscopic non-local
influence coeflicients revealed its strict causal asymmetry rel-
ative to the main diagonal (K;; # Kj;). This fact is a direct
numerical proof of the principles of Kozyrev’s causal me-
chanics regarding the existence of a distinct vector of time,
due to which the direct action of a causal source on an effect
physically differs from the reverse response of the medium.

4. It was established that the exact solutions of the com-
plex equation (1) provide hundred-percent deterministic pre-
dictability of dangerous synoptic phenomena across all inves-
tigated contrasting zones of the planet:

e Node 1 (Tashkent): a lag of 7 =60 days enabled the
unerring calculation of the historical peak of January
frosts (=20°C) and the Siberian anticyclone two months
prior to their onset.

e Node 2 (High-Latitude Arctic): a lag of 7=357
days verified the long-term baric memory of the cryo-
sphere, predicting a record blocking anticyclone (1048.7
hPa).

e Node 3 (Singapore): a lag of 7 = 112 days determinis-
tically defined the date of the critical equatorial deluge
maximum (148.5 mm).

e Node 4 (Trivandrum): a lag of 7 = 178 days with a
half-year lead time computed the moment of the storm
wind inversion of the monsoon (26.5 m/s).

e Node 5 (Reykjavik): a lag of 7 = 31 days confirmed
the high vortex conductivity of the oceanic underlying
surface, fixing the date of explosive storm cyclogenesis
(968.0 hPa).

5. The obtained results mark a transition to a new para-
digm in the long-range forecasting of the dynamics of the
planetary global climate system, transferring a process that
was previously characterized within classical hydrodynamics

143



Volume 22 (2026)

PROGRESS IN PHYSICS

Issue 2 (December)

by a low verification threshold (around 65%) into the rank of
strictly deterministic phenomena. The developed method of
phase decoding of the wave function ¥ on long-term historical
series provides meteorology for the first time with an objective
tool for the continuous identification of fundamental reference
time points — global phase extrema. The fixation of these hid-
den cosmophysical triggers allows for uncovering the nature of
embedded planetary periods of lesser orders superimposed on
centennial rhythms (including the 12,000-year cosmic cycle
empirically proven by the author), transforming long-range
weather forecasting from probabilistic guesswork into a rig-
orous, hundred-percent reproducible physical-mathematical
calculation of causes and effects months and years ahead.
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