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Abstract: New approach of using Newton’s Second Low in the analysis of a non-mechanical system is pre-
sented. A force that satisfies Newton’s second law is introduced, where real time series of average monthly
temperatures are transformed into time-dependent force parameters. The force acts on a point in data space.
This method of data analysis can be considered as a type of information filtering. Extreme values of certain
force parameters were analyzed as potential predictors of temperature trend emergence. Specific force pa-
rameters were calculated based on the average monthly temperature values for several cities in Bosnia and
Herzegovina. A review and discussion of possible changes in average monthly temperatures in the future
are provided, based on the values of the obtained force parameters.
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1. INTRODUCTION

We are witnessing many climate changes hap-
pening today. The interest of the scientific community
has long been focused on the analysis and modeling
of climate systems, as well as possible predictions of
future climate changes [1 - 4]. The climate system is a
complex system that can be viewed as a synthesis of
weather conditions, including mean values and vari-
ability of atmospheric variables such as temperature,
precipitation, and wind. According to the recommen-
dations of the World Meteorological Organization,
data collected for an area over a 30-year interval are
adequate for performing statistics used to define the
climate. Additionally, data characteristic of ancient
periods are also very interesting for analysis and com-
parison [6]. In general, complex systems are hardly
predictable because a combination of chaos and sto-
chasticity. Climate system is also complex system
which is affected by internal and external forces, and
its behavior is conditioned by natural and anthropo-

genic factors. Here we present a possible way of using
Newton’s second law in the rough prediction of tem-
perature trends without entering into the real complex-
ity of the climate system. Rough predictions of the in-
crease in temperature uncertainty are given, which we
associate with extremely large values of the force pa-
rameters. Our main assumption is that the exceptional
instability in a short time interval makes possible the
rough prediction of future oscillations [7].

2. METHOD

In this method we observe artificial and real
time series that describe chaotic-stochastic oscil-
lations and subsequently convert these series into
time-depending force parameters [8]. The force com-
ponents, conforming to Newton’s second law, en-
compass contributions from elastic forces, nonlinear
effects, damping forces, and coercive forces. That is
certain form of the nonconventional force that satis-
fying the Newton’s second law (1):
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Vp — Vg = a(xk - Sj) + az(xk - Sj)z +
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For a measured time series Xy, X5, X3, ... Xp,
velocity is given with (2):

Vg = Xgp — Xg-1 (2)

where

k=n+j, n=234.,12; j=012,.. (3)

In equation (1), S; is represented as (4):

12

1
Sj=Ean+j. (4)

n=1

The oscillations of the system considered here
are nonlinear and occasionally damped, amplified
and unstable. The nonconventional force is acting on
a point in the space of data. Solving ten equations
(1), for 3 < n < 12, it could be found ten force pa-
rameters (5):

a=a(j), a; = a;(j), az = az(j),b = b(f):W( )
5
=w()), ¢; =c;(j); i =2,3,4,56

The time interval [j + 1,7 + 12] is assigned to
each of these force parameters. Analyzing these pa-
rameters yields significant insights into the behavior
of the system.

In equation (1), the initial term represents the
elastic force. The negative sign of force signifies the
elastic force’s tendency to act opposite to the applied
force direction. When a < 0, the force acts as an elas-
tic force, working to restore the system to its equilib-

increases, causing the system to move further away
from equilibrium (where equilibrium in ‘S’ is not sta-
ble).

The second and third terms in equation (1)
represent nonlinearity. In nonlinear systems, the sys-
tem’s response to an applied force is not directly pro-
portional to the force’s magnitude, and these systems
exhibit chaotic properties. In this research, particular
attention is directed towards the parameter a, and its
influence on the system’s behavior at a certain de-
layed moment.

The fourth term represents a damping force
when b <0, while if b > 0, it becomes an amplifying
force. The force parameter w is assumed to be
constant within a short time interval. The sixth term
corresponds to the driving force. In this approach,
we have introduced certain assumptions: 1) A
large positive value of the parameter a is related to
an increase in unpredictability due to stochastic
processes, but large values of parameters a, and a,
are related to an increase in unpredictability due
to chaotic behavior; 2) Large positive value of the
parameter b is related to an increase in the amplitude
of the oscillations and large values of parameters
w and c, are related to a significant driving force.
Certainly, analyzing different pairs of force
parameters is a possibility. However, for our present
discussion, we will focus on parameter a, and its
impact on the future behavior of the system.

3. RESULTS
3.1. Artificial time series

To enhance comprehension of the results
obtained from real system data, we have generated
artificial time series. Below, we provide several
examples of these artificial time series (Figure 1).
Artificial time series are generated from equation:

rium position. However, when a > 0, the amplitude dx(t) = 672 sin B1y®) +59f()
dt 10 ’
dy(t)
—F =671 3.6 5.7f(t));
It cos(3.6x + 5.7f(t)) ()
x(0) = 0.8384760001, 0.8384760002, ...0.8384760009,
y(0) = —-0.60364300001,—0.60364300002, ..., —0.60364300009, f (¢t) € [—1,1].
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dz(:) = 375sin(2.8y(t) + LOF(1))
d);—(tt) = 376 cos(2.4x(t) + 1.0f(¢)). (7)

x(0) = 0.25974100001, 0.25974100002 ...0.25974100009,

y(0) = —0.36784100001, —0.36784100002, ..., —0.36784100009, f(t) € [-1,1].

dz(tt) = 472sin (L1y(t) + 29 (1))
d};—(tt) = 471cos (1.6x(t) + 2.7f(t)); (8)

x(0) = 0.8384760001, 0.8384760002, ...0.8384760009,

y(0) = —0.60364300001,—-0.60364300002, ..., —0.60364300009, f(t) € [-1,1].

d’;(tt) = 462 sin(2.1y(t) + 0.9f(1)),
d};—it) = 461 cos(2.6x(t) + 1.2f(t)); (9)

x(0) = 0.3245660001, 0.3245660002, ... 0.32456660009,

y(0) = —0.60364300001,—-0.60364300002, ..., —0.603643000009, f(¢t) € [-1,1]

x(t) (blue), 23/200000 (red) x(t) (blue), 23/60000 (red)

a) b)
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x(t) (blue), a3/1000 (red) x(t) (blue), 23/60000 (red)

Figure 1. Force parameter a, (red) and x(t) (blue); a) Time series generated by equations (6): b) Time series generated
by equations (7): ¢) Time series generated by equations (8): d) Time series generated by equations (9).

The previous examples have highlighted the examples where there are no pronounced peaks or
connection between a high value of force parameter ~ high maxima in the value of parameter a, (Figure 2).
a, and the amplification of uncertainty in the system’s

behavior represented by (t). Now, let us consider Artificial time series are generated from
equations (10):
dx(t
d(t ) = 1625sin(2.3y(t) + 2.9 (1)),
dy(t
LAON 163 cos(2.6x(t) + 2.2f(t));
dt
(10)
x(0) = 0.27567800001,0.27567800002, ... 0.27567800009,
y(0) = 0.875201300001, 0.875201300002, ...,0.875201300009, f (). 201126
and
dx(t
d(t ) 101 sin(0.3y(t) + 1.9f(1)),
dy(t
% = 103 cos(0.6x(t) + 2.1f(t)); (11)

x(0) = 0.27567800001,0.27567800002, ...0.27567800009,

y(0) = 0.367841300001,0.367841300002, ...,0.367841300009, f(t). 201126
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x(t) (blue), a3/60000 (red)
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Figure 2. Force parameter a, (red) and (t) (blue), a) Time series generated by equations (10):
b) Time series generated from equations (11).

Approximate predictability emerges as an out-
come of the interplay between chaos and stochastic
processes. The combination of these two factors con-
tributes to the complex behavior observed in many
natural and engineered systems. Chaotic dynamics
introduce sensitivity to initial conditions, leading to
divergence of trajectories over time, which can hin-
der long-term predictions. On the other hand, sto-
chastic processes introduce random fluctuations, fur-
ther complicating the predictability of the system’s
evolution. As a consequence, systems exhibiting
both chaotic and stochastic features often demon-
strate a delicate balance between short-term predict-
ability, limited by the chaotic nature, and long-term
unpredictability due to the influence of stochastic
elements. Understanding and quantifying this inter-
play is crucial for various fields, including climate
science, financial modeling, and biological systems,
where approximate predictability plays a central role
in forecasting and decision-making processes.

3.2. Real time series

In the context of real time series, we contin-
ue to apply the same principle as described in the
previous paragraph for artificial time series. In this
case, the real time series comprises values of aver-
age montly temperatures for several cities in Bosnia
and Herzegovina. Our focus remains on observing
the parameter a, and its relationship with the corre-
sponding temperature values over time. By analyzing
the behavior of parameter a, alongside the tempera-
ture data, we can gain insights into the relationship

of parameter a, and the temperature fluctuations and
patterns exhibited by the real system.

Similar to the artificial time series analysis, we
investigate whether high values of force parameter
a, in the real system result in increased temperature
uncertainty and variability, leading to chaotic or un-
predictable temperature trends. Conversely, when
a, takes on moderate or low values, the temperature
data are expected to show less dramatic changes over
time.

The dataset utilized in this study was procured
from two sources: the Federal Hydrometeorological
Institute of Bosnia and Herzegovina [9], and the Re-
public Hydrometeorological Institute of the Republic
of Srpska, [10]. Calculations related to temperature
measurements within cities in the region were con-
ducted. In the Federation of Bosnia and Herzegov-
ina, average monthly temperature measurements at
2 p.m. were utilized. For the Republic of Srpska,
data on average daily temperatures were utilized,
subsequently undergoing averaging for each specific
month. However, this aspect does not hold signifi-
cance for the final conclusion, as the study primarily
addresses the temperature trend, rendering the meth-
odology of measurement inconsequential. When we
examine the original data, we can conclude that, for
example, the average temperature for the month of
May in Mostar was 25.2 °C in 1994, and it had al-
ready decreased to 22.1 °C by 1996. Notably, in the
year 2003, there was a substantial increase with the
average May temperature reaching 28.3 °C, while in
2004, it dropped significantly to 20.8 °C. Neverthe-
less, the average temperature in September 2003 was
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Sanski Most September (15891-2022), T(blue)-15, a3 red

Banja Luka July (1991-2020), T(blue)-15, a3 red

Sanski Most May (1991-2022), T(blue)-10, 23 red
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Figure 3. Graphical representations of results for specific cities: Average temperature blue, parameter a,red

0.3 degrees lower than that of September 2004. Upon
reviewing the additional data, it can be confirmed
that it aligns with the results obtained through this
method. There is a strong likelihood that the aver-
age temperature for a specific month will be higher,
corresponding to the peak of the a, parameter, while
the subsequent month’s temperature may fall below
the monthly average. Consequently, we might ex-
perience above-average temperatures in May in the

future for Sarajevo, with June being colder than the
average. Similarly, in the case of Bijeljina, a warmer
June but a cooler July could be anticipated.

4. CONCLUSION

The paper provides calculated values for the
temperature trend for several cities in Bosnia and Her-
zegovina. When examining the original temperature
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data, it becomes evident that substantial fluctuations
in average monthly temperatures for specific cities
occurred even in preceding periods. Concluding a
consistent trend of constant temperature increase is
unwarranted, as revealed by the outcomes of this
analysis. It is quite plausible that in the near future,
the average temperature for a particular month could
be below average, while the subsequent month might
experience temperatures higher than the average. At
the end, it should be noted that importance of this
approach lies not in providing a detailed prediction
of the temperature trend and the climate system, but
in the fact that it allows the application of the laws
of physics to a non-mechanical system. This enables
us to gain a better understanding of the system itself.
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APYT'U BbYTHOB 3AKOH Y CJNYXBU KIIMMATCKHUX ITPOMJEHA -
AHAJIN3A TEMIIEPATYPCKUX TPEHIAOBA

Caxerak: IlpencraBiben je HoBU mnpuctyn kopumhema Jlpyror IbyTHOBOr 3akoHa y aHaiu3u
HEMEXaHUYKOT CHCTeMa. YBeleHa je CHila Koja 3amoBosbaBa J[pyru HbyTHOB 3akoH, Ifje ce peajHe
BPEMEHCKE CCpHje IMPOCJCUYHUX MjECEYHHX TEeMIlepaTypa TPaHC(HOPMHILY Yy BPEMCHCKH 3aBHUCHE
nmapametpe cuie. Cuna Jjenyje Ha Tauky y mpocTopy mofaraka. OBaj HAUMH aHAIHM3€ MOAaTaKa MOXKE
ce CMaTpaTH jeTHOM BpcToM (priITpHpama monaraka. EKCTpeMHe BpHjeTHOCTH MOjeANHUX ITapaMeTapa
cHJIe aHAIM3UpaHe Cy Kao MOryhu NpeanKTOpH HAacTaHKa TeMIleparypckor TpeHna. Ilapamerpu cuie
U3padyHaTH Cy HAa OCHOBY BPHjEIHOCTHU IIPOCjEUHHX MjECEYHUX TEMIIEparypa 3a I10jeIHe IPajoBe Ha
teputopuju bocue n Xepuerosure. Jlat je nperen U AucKycrja o MoryhuM mpomjeHaMa BpHjeIHOCTH
MPOCjeuHUX Temreparypa 3a onpehene mjecene y OyayhHOCTH, Ha OCHOBY BPHjEJHOCTH JIOOMjEHHX

napameTapa Cuie.
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