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ABSTRACT

Problem Statement. This study validates statistical estimates of Azerbaijan’s mean spring temperatures up to 2022. Although
precise long-term forecasts remain difficult, analysis of meteorological data from 1968-2022 demonstrates that statistical methods
effectively capture regional spring temperature trends and provide a reliable basis for future climate research and scenario development.

Purpose. The study aims to develop a statistical spectral model that reliably identifies climate-induced changes in meteorologi-
cal elements, particularly air temperature. The model employs optimized analytical methods whose adequacy is verified through
comparisons of observed and calculated temperature series using smoothing techniques, Schuster tests, and correlation analyses.
Establishing this model and its optimal application enhances the development of regional climate models and scenarios, improving
the reliability of projected climatic trends.

Methods. The methodology is based on analyzing long-term air temperature series, classified into periodic and non-periodic
variability indicators, the latter being useful for studying future temperature changes. Given the non-stationary nature of meteorologi-
cal variables, trends in long-term series are treated as reliable, but series must first be transformed into stationary sequences for anal-
ysis using statistical techniques. Extrapolating observed trends beyond a few years is physically unreliable due to natural variability;
thus, only anthropogenic trends linked to CO: increases are suitable for climate scenario development. Additionally, the length of
meteorological records is critical, as classical climatology assumes stationarity and estimation accuracy improves with longer obser-
vational series.

Results. Spectral analysis revealed dominant 3-, 5-, and 7-9-year temperature cycles across most of Azerbaijan, while Na-
khchivan exhibited only 3- and 9-year cycles. The model showed strong agreement between observed and simulated spring tempera-
tures, with R? values of 0.906 (1998-2000), 0.953 (2001-2005), and 0.933 (2006—2010). Error assessment showed that 36-56% of
cases had AT < 1°C, 76-88% had AT < 2°C, and nearly all cases had AT < 3—4°C. For AT < 2°C, the forecast accuracy reached 76—
94%, confirming the reliability of the proposed spring temperature scenario.

Conclusions. Using a statistical spectral model, a new scenario of spring temperature change for Azerbaijan was developed.
Projections recalculated from linear trend equations for 1968—2010 demonstrate higher accuracy compared with earlier approaches,
and the post-2023 estimates can be treated as updated climate scenarios, improving the reliability of future assessments. A five-year
(2026-2030) averaged spring temperature map for the country’s physiographic zones was also compiled. Overall, the model offers a
robust and scientifically grounded basis for future spring temperature projections and broader climate-related analyses.

Keywords: Statistical model, climate change, climate scenario, spring air temperature, periodicity, physiographic zones, model
adequacy.

In cites: Safarov Surkhay (2025). Assessment of the reliability of a statistical model for developing a scenario of possible air temperature changes
in the spring season over the territory of Azerbaijan. Visnyk of V. N. Karazin Kharkiv National University. Series Geology. Geography. Ecology, (63),
366-381. https://doi.org/10.26565/2410-7360-2025-63-27

Introduction. Current evidence confirms that These findings have compelled scientists, busi-

anthropogenic influence is driving a global-scale
warming process in the Earth's atmosphere [4]. This
warming is expected to intensify significantly in the
coming decades [11]. The facts of modern climate
change have been established through analysis of
meteorological observation data from the past 165
years (since 1860) using various methods [3, 8].

Research on contemporary global warming re-
veals that the dynamics of average annual tempera-
tures in the Northern Hemisphere correlate with
fluctuations in atmospheric transparency, as well as
changes in carbon dioxide and other greenhouse gas
concentrations [1; 19]. Consequently, 20th-century
climate changes were largely determined by the
increasing rate of greenhouse gases, a trend likely to
persist in the future [9, 13].

ness leaders, and policymakers worldwide to recog-
nize climate as a critical natural resource. The une-
ven distribution of this resource among nations has
already led to significant socio-economic and politi-
cal consequences, as reflected in the demands of
international organizations like the UNFCCC (COP)
[22, 24].

The resolution of climate change-induced chal-
lenges remains a focal point of intensive research
within global political, scientific, and economic
spheres [17]. Within the framework of international
cooperation on climate change adaptation and miti-
gation measures, the Republic of Azerbaijan signed
the United Nations Framework Convention on Cli-
mate Change (UNFCCC) in 1992 and ratified it in
1995. Over the past 25-30 years, intensive research
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has been conducted in Azerbaijan on various aspects
of regional climate change [24].

In this regard, one of the most critical direc-
tions in contemporary climate change research in-
volves determining its projected or potential future
values. The foundation of such forecasting lies in
general atmospheric circulation models, paleocli-
mate analog methods based on historical climate
variations, and statistical prediction methods. The
first two approaches successfully employ statistical
techniques grounded in instrumental observational
data. The evaluation of anticipated future climate
changes through these methodologies is formally
recognized in scientific literature under the term
"climate scenarios” [18].

Some sources note that climate scenarios are
not intended for predicting future climate. There-
fore, climate scenarios can primarily provide a
schematic representation of possible future climatic
conditions. They may also serve as a fundamental
basis for assessing the impact of potential climate
changes on economic sectors [17].

However, it should be noted that most climate
change scenarios have been developed for the entire
planet or the Northern Hemisphere. Consequently,
the most realistic methods for constructing climate
change scenarios must undergo refinement and detail-
ing when applied to specific regions and localities.

The statistical spectral models employed in this
research are not based on physical mechanisms but
are typically developed through analysis of histori-
cal meteorological conditions. Furthermore, har-
monic analysis is utilized here to model the dynam-
ics of meteorological element time series. A general
methodology has been developed for stochastic
modeling of meteorological processes, which in-
cludes determining the interannual and intra-annual
variability of the elements under consideration. The
manifestation of climate change in long-term time
series may take the form of monotonic variations
(trends, etc.) or harmonic oscillations characterizing
transitions between stationary states. Harmonic
analysis represents the most widely used method for
detecting periodic fluctuations [6, 14].

The guidelines for using climate scenarios de-
veloped through statistical methods are provided in
reference document [21]. Study [2] presents a new
statistical approach for detecting and explaining
climate change based on additive decomposition and
simple hypothesis testing, utilizing maximum likeli-
hood estimation, evaluation and testing procedures.
This approach was applied to the linear trend of
global mean temperature during 1951-2010, where
the observed warming (+0.65 K) is claimed to be
primarily associated with anthropogenic influences.

The calculations utilized data from the absolute
majority of meteorological stations located in Azer-

baijan's territory for the period 1968-2022. These
data were obtained from the meteorological database
[8, 20]. The mean seasonal air temperature data for
1968-1997 were used to develop the projected spring
temperature scenario, while the 1998-2022 data
were employed to verify the reliability of the ob-
tained scenario values for the considered parameter.

When developing the spring temperature sce-
nario, preference was given to averaged data across
all physiographic zones of the country [12], as this
method increases calculation accuracy. In this con-
text, the following physiographic zones of the re-
public were selected considering synoptic and cli-
matic regionalization: 1. Absheron zone; 2. Lanka-
ran-Astara zone; 3. Kura-Araz lowland; 4. Ganja-
Gazakh zone; 5. Northeastern slope of Lesser Cau-
casus; 6. Southern slope of Greater Caucasus; 7.
Shamakhi-Gobustan zone; 8. Northeastern slope of
Greater Caucasus; 9. Plain part of Nakhchivan AR;
10. Foothill part of Nakhchivan AR.

Analysis of recent research. The article veri-
fies results obtained through statistical methods to
derive some generalized prognostic estimates of
multiannual mean spring temperatures for the period
up to 2022. It is not possible to produce reliable
forecasts for such an extended lead time period.
However, through statistical analysis of accumulated
data, it is possible to obtain generalized assessments
of future climate change trends.

In our previous studies, using statistical meth-
ods based on observational data covering the period
1968-1997, we developed scenarios of air tempera-
ture variations for different periods (seasonal, annu-
al) in the territory of Azerbaijan for the coming dec-
ades. Additionally, we assessed the regional charac-
teristics of projected air temperature indicators up to
2030 [19].

Highlighting previously unsolved parts. In
previous studies conducted in the territory of the
Republic of Azerbaijan, climate change has been
investigated through the dynamics of time series of
local climatic elements and their fluctuation charac-
teristics [15]. Such research has examined formation
features of atmospheric precipitation across different
time periods, regional variations, and spatiotemporal
changes. Recent studies have focused more promi-
nently on comparative analyses with various climat-
ic norms [22].

While these investigations have identified im-
pacts of climate change, the expected variations in
specific regions remain undetermined to date. Alt-
hough international climate models provide scenari-
os based on certain characteristics of time series,
they have largely overlooked local climatic features
and physiographic conditions. Consequently, this
study employs a statistical spectral model to com-
prehensively analyze spring temperature variations.
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The foundation of the research methodology
consists of a series of methods comprehensively
explained in the text with reference [16, 21].

However, since the climate system's transfor-
mation process is non-stationary, there exists uncer-
tainty regarding how long the meteorological time
series should be. Therefore, the accuracy of linear
extrapolation depends heavily both on the length of
the calculation period and on the duration of the
linear extrapolation extension. This is because the
relationship between past and future weakens over
time. This weakening is linked to either the intro-
duction of new factors into the research or changes
in the nature of their influence.

Based on this methodology, the determination
of the linear trend equation-that is, the selection of
the deterministic component and the estimation of
its parameters-was implemented using the least
squares method. The extrapolation of the linear
trend was used to calculate projected annual temper-
ature values (T (t)) for future periods.

To compute the stochastic component of the
temperature series, spectral analysis was employed
to identify the periodicities of short- and long-phase

fluctuations within the series. The influence of the
calculation period length on these computations was
accounted for using the harmonic weighting method.

Then, the values calculated by the trend equa-
tion were subtracted from the general series to ob-
tain the temperature residuals. Subsequently, using
Schuster and periodicity methods, the projected
temperature values (T»(t)) were computed. It should
be noted that the temperature series may also con-
tain an uncorrelated random component (Ts(t)).
Following these procedures, the overall trend of
projected air temperature values was calculated as
the sum of these temperatures:

T(t) = Ty(t) + To(t) + T5(0). (1

Let us examine the components of equation (1).
First, we note that averaging uncorrelated random
variables Y3(t) over a sufficiently long series yields
values approaching zero [21]. The equation repre-
sents the linear trend of the multiannual temperature
series.

Yi(t) = Ar -t + By. 2)

The temperature residual values calculated by
equation (3):

. (2 (2 in (2
Y,(t) = Ay + A; - sin (t—f + ¢1) + A, - sin (t_: + ¢2) + 43 - sin (TZ + ¢3)’ 3)
where,
1 _
Ay = N N Tw=T,Ap= Vam +bh, m=123. )
Ay, = i. T . COSZ_T[T, bm = i . T . Sinz_n‘f, ¢m = arctga_m; m = 11213- (5)
tm tm tm tm b

where, T - serial number of years; T - mean
multiannual temperature; ti, t2, t3- represent values of
short-, medium-, and long-phase fluctuations in the
temperature residual series, respectively.

Let us note that presenting the temperature re-
sidual series as the sum of three components is re-
lated to accounting for short, medium, and long-
phase fluctuations. In this case, ti, t and t; must not
be divisible by each other and should not be in adja-
cent positions describing the same cycle. Fulfilling
these specified conditions is crucial. The calculation
procedure for them is provided in [19].

Consequently, to develop and prepare the air
temperature variation scenario, the values obtained
through the linear trend are summed with the ex-
trapolated values of the multiannual series residuals.

TC :AT'T+BT+T2(t) (6)

The computational experiments conducted
based on spectral analysis of time series of mean
spring temperature residuals have demonstrated that
the optimal approach involves utilizing a combina-
tion of 3, 5, and 7-9 year cycles. However, in the
Nakhchivan, only a combination of 3 and 9-year
cycles was employed [20].

To evaluate the quality of the proposed model,

the correlation coefficient between actual and calcu-
lated values of mean spring temperatures was com-
puted [25]. Table 1 presents some statistical charac-
teristics of the linear trend:

r(T,Tin) - correlation coefficient between actu-
al air temperature (Tr) and temperature calculated
based on linear trend (Tn);

r(TgTin) - correlation coefficient between the
actual air temperature (Ty) and the temperature rep-
resented as the sum of the linear trend and multian-
nual series harmonic residuals r(Ts,Tan);

Ar and Br - coefficients of equation (6) for the
1968-1997 time interval.

Table 1 shows that the values of r (T, Tin) indi-
cate a long-term negative trend in spring tempera-
ture series during 1968-1997 across all zones except
Ganja-Gazakh and Lankaran-Astara. Generally, the
rate of temperature change is low, as confirmed by
the small values of the linear trend and coefficient Ar.

The application of equation (6) for estimations
significantly improved the statistical relationship
between calculated and actual series of this element,
meaning the calculated values better approximate
the observed values. The correlation coefficients
r (Tt, Ton) range between 0.39-0.64. These results
are further corroborated by the graphical data pre-
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Table 1

Statistical characteristics of linear trends for spring temperature series

Physiographic Zones (T, Tin) | 1(Tr, Ton) Ar Br
Absheron -0.18 0.45 -0.02 11.7
Lankaran-Astara 0.01 0.44 -0.00 12.5
Kura-Araz lowland -0.03 0.44 0.00 13.6
Ganja-Gazakh 0.06 0.44 0.01 12.1
Northeastern slope of Lesser Caucasus -0.07 0.42 -0.01 5.8
Southern slope of Greater Caucasus -0.06 0.44 -0.01 -0.01
Shamakhi-Gobustan -0.22 0.50 -0.03 -0.03
Northeastern slope of Greater Caucasus -0.11 0.44 -0.01 -0.01
Plain part of Nakhchivan -0.16 0.51 -0.02 -0.02
Foothill part of Nakhchivan -0.29 0.64 -0.04 -0.04

sented in Figures 1 (a, b, ¢, d, e, f, g, h, s, t).

The graphs in the figures display the projected
annual values of mean spring temperature, while
Table 2 provides the five-year averaged projected
values. These data indicate relatively minor tempera-
ture variations from one five-year period to another.

Verification of model adequacy. Verification
of model adequacy involves validating the long-
term seasonal air temperature scenario over periods
ranging from 1 to 33 years, specifically examining
the degree of agreement between predicted spring
temperatures and actual observed values. Naturally,
as the forecast period lengthens, this agreement
diminishes [26]. The problems of multiannual and
long-term forecasting of various meteorological
elements represent sufficiently complex scientific
tasks. It is also indicated here that the accuracy of
such forecasts still remains at a relatively low level.
In addressing these issues, synoptic and physical-
statistical methods are being increasingly utilized.

According to the World Meteorological Organ-
ization, short-term weather forecasts with 85-90%
accuracy and long-term forecasts with 60-65% accu-
racy are considered successful [18]. In this study,
the following statistical criteria were used to verify
the model's adequacy:
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Here, Ty - actual value of spring temperature by

year; Thi - calculated value of spring temperature by
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period.
The study also utilized specified absolute error
criteria ~ (AT<1.0°C; AT<2.0°C; AT<3.0°C;

AT<4.0°C) for validating the model forecast of

mean daily air temperature [14] to assess the relia-

bility of the developed scenario (long-term forecast).

The above results employed two scenario vari-

ants to assess potential temperature changes in the

summer season up to 2030:

1. Temperature variations averaged over five-
year periods, presented in tabular form;

2. Projected annual dynamics of this element's

values through 2030. In this case, the analysis
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Fig. 1. Multiannual dynamics of actual (TF), calculated (TH) and linear trend (TT) values of spring air
temperature for Absheron (a), Lankaran-Astara (b), Kura-Araz lowland (c¢), Ganja-Gazakh (d), northeastern
slope of Lesser Caucasus (e), southern slope of Greater Caucasus (f), Shamakhi-Gobustan (g), northeastern
slope of Greater Caucasus (h), plain area of Nakhchivan (s) and foothill area of Nakhchivan (t) (1968-1997)
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Table 2
Scenario of projected mean spring temperature values in Azerbaijan for 2001-2030
Five-year periods

Physiographic Zones 2001-| 2006- 2011- 2016- 2021- 2026-

2005 2010 2015 2020 2025 2030

Absheron 11.2 11.2 10.4 11.0 10.9 10.4
Lankaran-Astara 12.8 12.9 12.6 12.8 12.9 12.4
Kura-Araz lowland 13.7 13.7 13.3 13.6 13.7 13.2
Ganja-Gazakh 12.5 13.0 12.2 12.6 12.9 12.4
Northeastern slope of Lesser Caucasus 5.4 6.0 53 5.6 5.6 5.2
Southern slope of Greater Caucasus 9.4 9.6 8.9 9.2 9.4 8.8
Shamakhi-Gobustan 8.1 8.3 7.7 7.6 7.9 7.3
Northeastern slope of Greater Caucasus 7.6 7.4 7.2 7.5 7.2 6.9
Plain part of Nakhchivan 12.7 13.0 12.6 12.3 12.9 11.8
Foothill part of Nakhchivan 10.4 10.1 10.5 93 10.6 8.8

of the anthropogenic trend in air temperature
changes -linked to the proportional annual in-
crease of CO:z - can be considered feasible [5;

23; 27].
The materials not included in the model's im-
plementation (1998-2022) were used to verify the
reliability of the research results. By utilizing five-

year averaged temperature variations, the projected
temperature values were compared with their actual
values to test the model. The averaging was per-
formed for the following climatic periods: 1998-
2000; 2001-2005; 2006-2010; 2011-2015; 2016-
2020; 2021-2022. The obtained results are presented
in Table 3 and Figures 1 ((a, b, ¢, d, e, f, g, h, s, t).

Table 3
Averaged values of calculated (Tx) and observed (Ty) indicators of mean spring temperature
across various physiographic zones by climatic periods
. . 1998-2000 | 2001-2005 | 2006-2010 | 2011-2015 | 2016-2020 | 2021-2022
Physiographic Zones

T Ty T Ty T Ty T Ty T y T Ty

Absheron 107 | 126 | 11.2 | 122 [ 112|124 (104|129 [ 11.0 | 13.0 | 10.7 | 12.6

Lankaran-Astara 129 [ 12.7 [ 12.8 [ 12.8 | 129|129 | 126 | 12.6 | 12.8 | 12.8 | 12.8 | 13.7

Kura-Araz lowland 139 14.6 | 13.7 | 13.7 | 13.7 | 14.1 | 133 | 14.6 | 13.6 | 14.8 | 13.6 | 14.6

Ganja-Gazakh 1271 145( 125137 13.0| 143 | 122 | 15.1 | 12.6 | 15.8 | 13.0 | 16.3
Northeastern slope

of Lesser Caucasus 50 (72|54 |65|60]| 71 (53 |75]|56|78]| 54|78

Southern slope

of Greater Caucasus 9619994190 |96 |99 | 89 (104] 92 [10.7] 94 |11.9

Shamakhi-Gobustan 86 |10.1| 81 | 94 (83|99 | 77103 76 |10.7| 7.7 |10.7
Northeastern slope

of Greater Caucasus 79 [ 85|76 | 81 | 74 |88 | 72 |90 | 75|95 | 67| 9.0

Plain part of Nakhchivan 127 [ 142 [ 12.7 [ 135 13.0| 140 | 126 | 140 | 123 | 143 | 129 | 15.2

Foothill part of Nakhchivan | 10.3 | 12.7 [ 10.4 | 11.3 | 10.1 | 12.5 | 10.5] 124 | 9.3 | 123|104 | 12.8

R? 0.906 0.953 0.933 0.906 0.870 0.932

The evaluation results revealed significant
agreement between calculated and actual spring
temperature values, particularly during the 1998-
2010 period. As shown in Table 3, the model's relia-
bility metric (R?) for the climatic periods of 1998-
2000, 2001-2005, and 2006-2010 was 0.906, 0.953,
and 0.933, respectively. In the subsequent two peri-
ods, these values decreased, while showing a rela-
tive increase for the 2021-2022 timeframe. For tem-
perature calculations, the model employed linear
trend equations derived from the 1968-2010 period.

During the 1998-2000 period, the difference
between actual and calculated spring temperature
values was positive across all physiographic zones
except Lankaran-Astara, ranging between 0.3-2.4°C.
During the 2001-2005 period, the difference be-
tween actual and calculated spring temperature val-
ues remained positive across all physiographic
zones except the southern slope of Greater Caucasus
[7], stabilizing within a range of 0.0-1.2°C.

During the 2006-2010 period the difference be-
tween actual and calculated spring temperature val-
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ues was positive ranging between 0.0-2.4°C across
physiographic zones these differences fluctuated
within intervals of 0.0-2.9°C during 2011-2015 0.0-
3.2°C during 2016-2020 and 0.9-3.3°C during 2021-
2022 the mean absolute errors (MAE) of calcula-
tions were around 1.5-2.2°C while root mean square
errors (RMSE) ranged between 1.6-2.7°C.

Partially observable from Table 4 across all
zones and climatic periods the average calculations

show 7-13 cases (28-52 % of total cases) with abso-
lute errors AT< 1.0°C 12-19 cases (48-76 %) AT<
2.0°C 17-24 cases (68-96 %) AT< 3.0°C and 20-25
cases (80-100 %) AT< 4.0°C. As with others the
model utilized linear trend equations derived from
the 1968-1997 period for temperature calculations.
The analysis reveals that beginning approxi-
mately in 2011, the discrepancy between observed
and modeled spring temperature values started in-

Table 4

Performance indicators of the model scenario for mean spring temperature (°C)

Guarantee level of scenario at
- specified absolute error values, %
Physiographic Zones ﬁ 2 = = = =
= 5 - i e <
Vi Vi Vi Vi
= = = =
< < < <
Absheron 1.9 2.2 28 56 76 96
Lankaran-Astara 1.4 1.6 40 76 96 100
Kura-Araz lowland 1.4 1.7 44 76 92 100
Ganja-Gazakh 2.2 2.7 32 48 76 84
Northeastern slope of Lesser Caucasus 1.9 2.3 28 64 72 88
Southern slope of Greater Caucasus 1.5 1.9 52 72 84 96
Shamakhi-Gobustan 2.2 2.7 28 56 68 80
Northeastern slope of Greater Caucasus 1.7 2.0 36 72 88 92
Plain part of Nakhchivan 1.7 2.1 44 76 84 92
Foothill part of Nakhchivan 2.1 2.5 24 52 76 88

creasing significantly compared to previous periods.
This shift primarily resulted from a transition to a
pronounced warming trend in spring temperatures
commencing around 2011, as clearly evidenced by
the data presented in Figures 1 (a, b, ¢, d, e, f, g, h,
s, t). The graphical representations demonstrate
marked upward deviations in actual temperature
dynamics during this period. Consequently, while
the model outputs demonstrate higher reliability for
the 1998-2010 timeframe, these findings necessitate
methodological refinements for subsequent periods
to enhance predictive accuracy.

For refining the scenario projections of spring
temperatures across Azerbaijan's diverse natural-
climatic zones, the 1968-2010 period was examined
as the observational baseline, with corresponding
recalculations performed to redefine the linear trend
equations.

As evident from Table 1, the multiannual spring
temperature series during 1968-1997 exhibited a
decreasing trend in most physiographic zones except
Lankaran-Astara and Ganja-Gazakh. This declining
tendency is identified through negative correlation
coefficients of the linear trend equations.

Analysis of the multiannual spring temperature
series for 1968-2010 reveals a persistent positive
trend. This warming pattern is evidenced by positive

correlation coefficients of the linear trends, with
temperature increases across most physiographic
zones demonstrating statistical significance [7, 10].

The correlation coefficients of the linear trend
were -0.51 for Absheron zone, -0.26 for Lankaran-
Astara zone, -0.42 for Kura-Araz lowland, -0.78 for
Ganja-Gazakh zone, -0.56 for northeastern slope of
Lesser Caucasus, -0.41 for southern slope of Greater
Caucasus, 0.50 for Shamakhi-Gobustan zone, 0.46
for northeastern slope of Greater Caucasus, -0.26 for
plain part of Nakhchivan AR and -0.30 for foothill
part of Nakhchivan AR.

The averaged values of calculated (Ts) and ob-
served (Tyf) mean spring temperature indicators
across various physiographic zones of the republic
for different climatic periods are presented in Table
5. The model temperatures were calculated using
linear trend equations derived from the 1968-2010
period [8, 25].

During the 1998-2000 period the difference be-
tween actual and calculated spring temperature val-
ues was positive ranging between 0.0-1.5°C across
physiographic zones For subsequent periods these
differences fluctuated within -0.7 to +0.2°C during
2001-2005, -0.2 to +1.0°C during 2006-2010, 0.2-
1.1°C during 2011-2015, 0.2-1.9°C during 2016-
2020 and 0.2-1.1°C during 2021-2022.
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Table 5
Averaged values of calculated (Tx) and observed (Ty) indicators of mean spring temperature
across physiographic zones by climatic periods
. . 1998-2000 | 2001-2005 | 2006-2010 | 2011-2015 | 2016-2020 | 2021-2022
Physiographic Zones T T, T T, T, T; T T T T, T, T
Absheron 115126122122 (123124 |11.8 129|126 13.0| 124 | 12.6
Lankaran-Astara 128127 12.6 | 12.8 | 127|129 | 124 | 12.6 | 12.6 | 12.8 | 12.5 | 13.7
Kura-Araz lowland 142146 14.1 | 13.7 | 142|141 139 | 14.6 | 143 | 148 | 14.3 | 14.6
Ganja-Gazakh 1371145138 | 13.7 (145|143 (140 | 15.1 | 147|158 | 153 | 16.3
Northeastern slope
of Lesser Caucasus 6772164 |65 |72 |71 |67 |75(73 |78 71|78
Southern slope
of Greater Caucasus 99 199 (97 (90 {100 99 | 94 (104 9.7 | 107|100 11.9
Shamakhi-Gobustan 96 (101 93 | 94 | 98 |1 99 | 94 | 103 | 96 | 10.7| 9.9 | 10.7
Northeastern slope
of Greater Caucasus 851 85| 83 | 8.1 83 | 88 | 83 |1 9.0 | 87 | 95 | 80 | 9.0
Plain part of Nakhchivan 13.1(142( 133 | 135|137 14.0|13.5|14.0 (133|143 | 13.9| 15.2
Foothill part of Nakhchivan | 11.2 (12,7 [ 11.6 [ 11.3 | 11.5 | 12.5 [ 12.1 [ 124 | 11.2 | 123 | 12.4 | 12.8
R? 0.960 0.987 0.979 0.985 0.982 0.964

Table 5 shows that during the 1998-2000,
2001-2005 and 2006-2010 climatic periods the
model's reliability metric (R?) was 0.960, 0.987 and
0.979 respectively In the subsequent three periods
these values remained very high at 0.985, 0.982 and
0.964 respectively. The mean absolute errors (MAE)
of calculations ranged between 1.2-1.4°C while root
mean square errors (RMSE) were within 1.5-1.7°C.

A comparative analysis of these indicators with
corresponding values in Table 4 demonstrates that
when using linear trend equations derived from the
1968-2010 period for temperature calculations, both

the mean absolute error and root mean square error
were significantly reduced. This confirms the neces-
sity for progressive refinement of prognostic values
over time.

Table 6 shows that partially across all zones
and climatic periods on average 9-14 cases (36-56%
of total cases) had absolute calculation errors
AT<10°C, 19-22 cases (76-88%) AT<20°C, 22-25
cases (88-100%) AT<30°C, and 24-25 cases (96-
100%) AT<40°C. Here the model utilized linear
trend equations derived from the 1968-2010 period
for temperature calculations.

Table 6
Performance indicators of the model scenario for mean spring temperature
Guarantee level of scenario
o m at specified absolute error values, %
i i < 2 o o o o
Physiographic Zones S 5 2 2 2 2
A A
< < < <
Absheron 1.2 1.5 44 80 100 100
Lankaran-Astara 1.4 1.6 40 76 96 100
Kura-Araz lowland 1.2 1.5 36 88 96 100
Ganja-Gazakh 1.2 1.5 48 88 96 100
Northeastern slope of Lesser Caucasus 1.3 1.6 48 84 96 96
Southern slope of Greater Caucasus 1.3 1.7 48 80 88 100
Shamakhi-Gobustan 1.4 1.7 40 76 92 100
Northeastern slope of Greater Caucasus 1.2 1.5 56 84 96 100
Plain part of Nakhchivan 1.3 1.7 52 84 92 100
Foothill part of Nakhchivan 1.2 1.5 40 84 96 100

As previously noted, according to the WMO,
long-term forecasts with 60-65% accuracy are con-
sidered successful [22; 28]. Based on this, it can be
stated that the spring temperature variation scenario
developed using the proposed model is adequate, as

its accuracy already ranges between 76-94% for
AT=<2.0°C.

The recalculated projections of future spring
temperature values are presented in Figure 2. The
model utilized linear trend equations derived from

-375-




Cepis «[eonocis. [eoepagpis. Ekonoeisa», 2025, sunyck 63

Dy damyeradwa ],

8,0

TH

TT

TF

15,5

15,0

14,5

14,0
13
=13,0

,5

2,0
1,5

&0

ol
o

10,5

10,0

9,5

—TH

—TF —TT

S n
<t on
— p—

Dy “amerddwa],

-376 -



ISSN 2410-7360 BicHuk XapkKiecbKo20 HauioHanbHo20 yHigsepcumemy imeHi B.H. KapasiHa

TH

TT

TF

Dy dmeradwa],

0€0¢
820C
920¢
14\
(4414
0c0¢
810¢
910¢
¥10¢
(41114
010¢
800C
900¢
¥00¢
200¢
000¢
8661
9661
7661
661
0661
8861
9861
7861
861
0861
8L61
9L61
vL61
Lol
0L61
8961

Year

e)

13,0 -

—TT

m

—TH

12,5

12,0

il

11,5

11,0

9,0

S
)

10,5
10,0
9,5

Dy “dameradwa],

<
o

5
0

7,
7
6,5

>

6,0

-377 -



Cepis «[eonocis. [eoepagpis. Ekonoeisa», 2025, sunyck 63

TH

TT

TF

———

11,5

11,0

10,5

10,0

‘.
o)

SRR
o ~ S

Do “@Imyeraduwa |

0-/
=

e}

e}

<
v

0€0¢
820¢
920¢
¥20c
(4414
020t
810¢
910¢
¥10¢
(4114
010¢
800¢
900¢
¥00¢
200¢
000¢
8661
9661
y661
661
0661
8861
9861
¥861
861
0861
8L61
9L61
vL61
L6l
0L61
8961

Year

g)

_— -
M
- i
=
= -
T
- -
= -
........rL.“N.
Srnenengenenenne v
N AN — — O O N N0 0~ \O
w— oy

Dy damyerodwa ],

6,0

0¢€0¢
820C
920t
¥20¢
(44114
020t
810¢
910¢
¥10¢
(4114
010¢
800¢
900¢
¥00¢
200¢
0007
8661
9661
Y661
661
0661
8861
9861
¥861
861
0861
8L61
9L61
VL6T
L6l
0L61
8961

Year

h)

TH

4 0€0¢C
4 820¢C
4 920¢C
¥20C
4 720t
4 020¢C
4 810¢C
910C
4 v10¢C
4 C10¢C
4 010¢C
4 800¢C
4 900¢C
4 00T
4 200¢C
4 000¢C
4 8661
4 9661
4 v661
4 C661
4 0661
MMMMM 4 8861
] 4 9861

4 861
“meuu 4 2861
0861

— 1 8L61
4 9L61
YL61
L6l
0L61
—_—— L 8961

TT

TF

f

|

17,5
17,0
16,5
16,0
15,5
15,0
14,5
14,0
13,5
13,0
12,5
12,0
11,5
11,0
10,5
10,0
Year

Dy dmyeradwa ],

)

-378 -



ISSN 2410-7360 BicHuk XapkKiecbKo20 HauioHanbHo20 yHigsepcumemy imeHi B.H. KapasiHa

150 ¢
14,5
14,0
13,5
13,0
12,5
12,0
11,5
11,0
10,5 |
10,0 |
95
90
8,5 |
8,0

Temperature, °C

TF TT TH

1968

1970 f
1972
1974
1976
1978 |
1980 |
1982
1984
1986
1988
1990

Year

3)

1992

1994
1996
1998
2000 |
2002 f
2004
2006
2008
2010 f
2012 |
2014
2016
2018 f
2020
2022
2024
2026
2028
2030 *

Fig. 2. Multiannual dynamics of actual (TF), calculated (TH) and linear trend (TT) values of spring air
temperature for Absheron (a), Lankaran-Astara (b), Kura-Araz lowland (c), Ganja-Gazakh (d), northeastern
slope of Lesser Caucasus (e), southern slope of Greater Caucasus (f), Shamakhi-Gobustan (g), northeastern
slope of Greater Caucasus (h), plain area of Nakhchivan (s) and foothill area of Nakhchivan (t) (1968-2010)
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Fig. 3. Spatial distribution map of five-year averaged spring temperature
prognostic/scenario values across physiographic zones (2026-2030)

the 1968-2010 period for temperature calculations.
A comparative analysis with corresponding
graphs in Figure 2 demonstrates significant refine-
ments in the annual projections of mean spring tem-
perature. For post-2023 values in Figure 2, it is
more appropriate to consider the calculated values

as new scenarios.

Alongside the data presented in these graphs,
Figure 3 provides a spatial distribution map of five-
year averaged (2026-2030) prognostic/scenario
spring temperature values across Azerbaijan's phys-
iographic zones.
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Ouinka HAJIHHOCTI CTATUCTHYHOI MO/ 1151 PO3POOKH CIIEHAPII0 MOMKJIUBHUX
3MiH TeMIlepaTypH NOBITPSl Y BECHAHNH Ce30H HAJI TEPUTOPi€I0 A3epoOaiikany

Cypxan Caghapos

JI. Teorp. H., npodecop kadenpu

«AepOKOCMIYHUI MOHITOPHHT HABKOJIHIIHEOTO CEPEAOBHIIIAY,
HartionanpHa aBiamiiiHa akageMist,

AT «Aszep0aiixanchki aBiamiHii», baky, AzepOaitmxan,

e mocmimkeHHS epeBipsie CTATUCTHYHI OLIHKK CEPeIHIX BECHIHHUX TeMIeparyp B AzepOaiimxani 1o 2022 poxky.
Xoua TOYHI TOBTOCTPOKOBI MPOTHO3H 3aJMIIAIOTHCA CKIATHIAMHM, aHaJi3 METEOpPOJIOTiYHNX HaHuX 3a 1968-2022 pokn
JIEMOHCTPYE, III0 CTATUCTUYHI METOAN €(eKTUBHO (PIKCYIOTh perioHalbHI TeHICHIIIT BECHSIHOI TeMIepaTypH Ta 3abe3re-
YyIOTh HaJ[iliHy OCHOBY JJIsl MaliOyTHIX KJIIMaTHYHHX JOCIIJDKEHb Ta PO3POOKH clieHapiiB. MeToo AOCIiHKEHHS € Po3-
poOKa CTaTUCTUYHOI CIIEKTPaIbHOI MOZIEINI, SIKa HaIiHO 11eHTHU(]IKY€E KIIMaTHYHO-1HAYKOBaHI 3MiHH METEOPOJIOTIHHUX
€JIEMEHTIB, 30KpeMa TeMIIepaTypH MOBITps. Mojenb BHKOPHCTOBYE ONTHMI30BaHI aHAJIITHYHI METOAM, aJeKBaTHICTb
SIKHX TIEPEBIPAETHCS LUISIXOM MOPIBHSHHS CHOCTEPEKYBAHHUX Ta PO3PAXOBAHUX TEMIIEPATYPHUX PsIiB 3 BUKOPUCTAHHSIM
MeTOoJiB 3r1apKyBaHHs, TecTiB lllycrepa Ta kopemnsuiiinoro ananizy. CTBopeHHs 1€l Mozeni Ta ii onTHManbHe 3aCTOCy-
BaHH CIIPUsI€ PO3BUTKY PETiOHANBHHX KIIMAaTHYHUX MOJeNel Ta CLeHApIiB, MiJBHINYIOYH HAailHICTh IPOrHO30BAHUX
KIIMAaTUYHUX TEHICHIIH. MeTomosoris 6a3yeThcs HA aHAJi31 JOBTOCTPOKOBUX PSIiB TEMIIEPATypH MOBITPs, KITacu(piko-
BaHNX Ha MEPiOANYHI Ta HENEePiOAMYHI MMOKa3HIUKU MIHJIMBOCTI, OCTAaHHI KOPUCHI JIUIsI BUBYCHHS MaiOyTHIX 3MiH TeMIIe-
patypu. BpaxoByroun HecTallioHapHHI XapaKTep METCOPOIOTIYHUX 3MIHHHX, TEHACHLIT B JOBIOCTPOKOBHX PAIaX PO3T-
TAMAlOTRC K HalilHI, ane psAOu CIoYaTKy HEoOXiTHO MEPeTBOPUTH Ha CTAILliOHAPHI MOCTIIOBHOCTI U aHAJi3y 3a
JOIIOMOTOK0 CTaTUCTHYHUX METOAIB. EKCTpamosmis crnocTepekyBaHUX TEHICHILIH Ha Mepiol MOHax KibKa POKIB €
(hi3UYHO HEHAJIHO0 Yepe3 MPUPOAHY MIHJIMBICTh; TAKUM YMHOM, JIMILE aHTPOIIOTEHHI TeHACHIIl, MOB's13aHi 31 3017b-
meHHsM CO2, miaXomsaTh Uil po3poOKH KIIMaTHYHUX cueHapiiB. KpiM Toro, TpuBamicTh METEOPOJIOTIYHUX 3alHUCIB €
KPUTHUYHO Ba)KJIMBOIO, OCKUJIBKH KJIACHYHA KJIIMATOJIOTIS MPHUITYCKAE CTAlliOHAPHICTD, @ TOYHICTH OLIIHKU HOKPAILy€EThCS
3 JIOBIIMMH CEPISMHU CIOCTEPEKEHb. 32 JIOTIOMOIOK CTATUCTUYIHOI CIICKTPAIbHOT Mozl 0yi10 po3po0iieHO HOBHIA Clie-
Hapiil 3MiHM BecHsHOI Temmeparypu i AsepOaiimkany. [Iporaosu, nepepaxoBaHi 3 JIHIHHUX PIBHSHb TPEHIY IS
1968-2010 pokiB, IEMOHCTPYIOTh BHIIY TOYHICTh IMOPIBHSHO 3 MOIEPEAHIMHU MiAXOAaMH, a OMHKHU micist 2023 poky
MOJKHA PO3IIIAAATH SK OHOBJICHI KIIMaTHYHI CIIEHapii, 0 MiABHIY€e HAAIHHICTh MaOyTHIX omiHOK. Takox Oymo ckia-
neHo m'atupivay (2026—-2030 pokn) KapTy yCepeIHEHUX BECHSHHUX TeMIeparyp sl (izuko-reorpadiqyHuX 30H KpaiHU.
3arajiom, MOJeJIb MPOMOHY€E HAAIHY Ta HayKOBO OOIPYHTOBaHY OCHOBY JUIs MalOyTHIX IPOTHO3iB BECHSAHOI TeMIepa-
TypH Ta MUPIINX aHAJi31iB, TOB'I3aHUX 3 KITIMATOM.

Knrouosi cnosa: Cmamucmuuna mooens, 3MiHa KAimMamy, KIIMAMUYHUL CYeHapiil, 6eCHAHA MeMnepamypa nogim-
P, nepioduunicmo, Qisuxo-2eocpapiuni 30HU, A0eK8AMHICHb MOOEJ.

Hagjliwna 12 »oBTHa 2025 p.
MNpuitHaTa 19 anctonaga 2025 p.
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