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Abstract: Observations of phenomena whose characteristics change over time generate an ordered sequence
known as a time series. In this research, a statistical time series test was applied to examine the statistical
regularity of the average yearly volume (y_tJ- of harvested grapes in the Republic of Uzbekistan, based on data
from the Central Statistical Office of Uzbekistan for the period 2012-2024. Point and interval predictions (with a
95% confidence level) were constructed for the mean annual volume of harvested grapes in the country. The
explicit forms of trend models were identified, and forecasts were made for the predicted grape harvest volumes
in the coming years. Using the Durbin—Watson statistical test, it was established that the average volume of
harvested grapes in Uzbekistan exhibits autocorrelation dependence.

Keywords: Discrete, grape, time series, volume, trend, seasonality, component, linear, least squares, normal
distribution, hypothesis, autocorrelation, asymmetry, kurtosis.

Introduction: In almost every field, there exist
phenomena that are important to the research in terms
of their development and changes over time. For
example, one may seek to predict the future based on
knowledge of the past, to manage ongoing processes,
or to describe the characteristic features of a series
using a limited amount of information.

When analyzing time series, researchers rely on
methods developed in mathematical statistics. Now,
statistics offers a wide range of approaches for the
analysis of time series [1, 2, 3, 4, 5].

METHODS

This study shows the processing and analysis of the
average dynamic volume of harvested grapes in the
Republic of Uzbekistan during the observation time
from 2012 to 2024, represented as a discrete stationary
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time series {y;, t € T}.

Generally, a time series {y;, t € T} consists of four
main components: the trend, fluctuations around the
trend, the seasonal effect, and the random component.

This paper utilizes time series processing and analysis
methods, including trend detection, normality and
randomness tests, autocorrelation testing, the moving
average method, the finite difference method, the least
squares method, the Durbin—Watson statistical test,
and other methods.

Using these methods of statistical time series analysis,
point and interval estimates were performed for the
mean annual volume of harvested grapes in the
Republic of Uzbekistan. Explicit trend models were
identified, and forecasts were made for the expected
average grape harvest volumes in the following years.
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In addition, several statistical hypotheses were tested.

The study draws on the research of T. Anderson [1], M.
Kendall et al. [2], N. P. Tikhomirov [3], B. A. Sulaimanov
et al. [4], and A. A. Faiziev [5], who have made
significant contributions to the study and analysis of
dynamic time series.

RESULTS AND DISCUSSION

It is assumed that the average volume of annual grape
harvesting in the Republic of Uzbekistan over the
observation period (2012-2024) forms a stationary
discrete-time series. Using the above-mentioned
methods of statistical analysis of time series, we will

construct point, and interval estimates for the average
volume of grapes harvested in Uzbekistan. The explicit
form of the trend was identified, and forecasts were
made for the expected grape harvest volumes in the
coming years. In addition, several statistical hypotheses
were tested to assess the reliability and adequacy of
the obtained model.

In Figure 1, based on the experimental data (Table 1,
column 3), the dynamics of the average annual volume
of harvested grapes “y; — in the Republic of Uzbekistan
are illustrated geometrically in the following forms: a)
as a scatter plot, b) as a histogram, and c) as a pie chart.
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Figure 1

The geometric representation of experimental data on
harvested grapes in the Republic of Uzbekistan in the
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Cartesian coordinate system gives grounds, in the first
approximation, to assume the hypothesis that the
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trend part of the process, that is, the general direction
of development of the random process, has a linear

y(t) =at+a, (1),
data, by solving the following system of normal
equations:

dependence

where the unknown parameters are determined by the
least squares method, that is, based on experimental

T +a )t =)y,
LaoZt +a, ) t?=> yt

Solving the system of equations (2) we determine

1 1
Qo ZEZyt , aq ZWZ%V (3)

To estimate the unknown parameters a_0 and a_1 table 2. Calculating data to determine the time series

using experimental data, we will create calculation trend.
Table-1
1 2 3 4 5 § 7 8 9 10
s | | WAL a | g | 8| | AT

1 2012 12060 14544360
2 2013 13221 17479484 116,1 134792
3 2014 14412 20770574 [ 1191 141848 30 90
4 2015 15793 24941885 | 1381 190716 19,0 361,0 160 | 256,0
5 2016 16024 2 367 683,8 231 3336 -113,0 132250 | -1340 | 179360
6 2017 16255 26422503 | 231 5336 0,0 00 1150 | 132250
1 2018 13858 25274640 357 12145 588 34574 S88 | 34574
8 2019 16033 25705709 135 1823 452 24206 | 1080 | 116640
3 2020 16069 25821276 36 130 9.9 98,0 591 | 34928
10 2021 16853 28740421 B84 18144 B4R 71910 T | 8981
11 2022 1761 30997124 | 653 42641 -23,1 5336 | -1079 | 116424
12 2023 17002 2 830 6800 A4 16482 1237 158005 | -1024 | 105268
13 2024 1658,5 27506203 | 417 173838 187 M97 1444 | 208514

Total WPL] | 3IBIWEE | 4525 | 66783 | 1578 | 44459 | 157 [1020399

Harvested grapes in the Republic of Uzbekistan

1 20391,1
Zyt =20391,1 thousandtons, ay= Tz ¥y =———— = 1568,55

13
a, = Vet = = 34,1 5

Hence, the linear trend equation for the annual volume ~ 8iVeéNn as follows [1, 2, 3, 4, 5]:

of harvested grapes in the Republic of Uzbekistan is
y(t) = 34,15t + 1568,55

Substituting the value t = 1 into equation (4), we find
the expected forecast volume of grapes in the Republic
of Uzbekistan in 2025, which will average 1,602,670
tons.

(4)
determined that in equation (1) Y(t) = al+a, the

null hypothesis Hy: a; =0 is rejected and the
alternative hypothesis H; : a; # 0 is accepted at the
significance level a = 0.05. Consequently, we may

Using the statistical criteria cited ([1] — [5]), it was conclude that the mean annual volume of harvested
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grapes in the Republic of Uzbekistan follows the linear
trend (4). Next, using Table 2 we compute

> (aky, f

Vk — t=k 3
(T —k )C 2k
We determine the values of the coefficients of variation
of the differences and establish thatV_1=,V_2=V_3.

Therefore, first-order finite differences eliminate the
linear trend.

(5)

For further research, we need to calculate the following
finite differences based on the experimental data. We
denote the finite differences:

AY, =Y, =Y. AP, = AY,,, —AY,, A%Y, = A%Y,,, — A%Y,

To calculate the final differences, we will create Calculation table 2:

Table -2

1 2 3 4 5 f 7 8 9 10
1 2012 12060 14544360
2 2013 13221 17479484 116,1 13479 2
3 2014 14412 20770574 119,1 141848 3,0 50
4 2015 15793 24941885 | 1331 190716 190 3610 160 | 2560
5 2016 16024 2 3676838 231 3336 1150 132250 | -1340 | 179360
6 2017 16253 26422503 23,1 5336 0,0 00 15,0 | 132250
1 2018 15858 25214040 35,7 124745 -38.8 34574 588 | 34574
8 2019 16033 2370 370,9 135 1823 452 24206 | 1080 | 116640
] 2020 16069 25821276 36 130 49 980 581 | 34928
10 2021 16953 28740421 B34 78146 4.8 71910 T | 898,
11 2022 1761 30997124 63,3 42641 =231 533.6 1079 | 116424
12 2023 17002 2 B30 680,0 -fi0.4 IpdR2 1857 158005 | -1026 | 105268
13 2024 1638,5 206223 | 417 17389 18,7 M7 1444 | 208514

Total 03911 |26 | 4525 66 7383 1578 434459 157 11020399

Next, we test the statistical hypothesis regarding the harvest volumes using the Durbin—Watson criterion:

existence of autocorrelation in the annual grape
T-1 5 T )
d= Z(Yt+1 _Yt) /ZYI . (6)
t=1 t=1

Using Table 2 and equation (6), we calculate the
following: d, .6
66738,3

Aias = 322787856 0,0021.

Comparing them with the table value (see [5] — page
194, Appendix -9).

dipur = 1,06 establish that d,;5=0,0021 < d,,r = 1,06.
harvested in the Republic of Uzbekistan has an
autocorrelation relationship.

Therefore, the Durbin-Watson criterion with 95%
certainty proves that the average volume of grapes

p = Cov(Yy,Yu) = M[(Y; — ¥) (Y1 — )]
normality of 7y, —the average volume of grapes
harvested annually in the Republic of Uzbekistan

Yi=pYra+&t,

Consequently, the volume of grapes harvested in the
Republic of Uzbekistan this year depends on the

volume of previous and subsequent years. (1] = [5D:
Testing the statistical hypothesis Hy (7) about the
American Journal Of Agriculture And Horticulture Innovations 24 https://theusajournals.com/index.php/ajahi
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Hy :P(3: < x) = D, ;(x),

the level of significance is
0,05 (cm. Table — 3).

Then, using the following formula (8) we construct

accepted a =

Hi: P(ye < x) #= @, 4(x)

(7)
interval estimates for 7y, — the average volume of
grapes harvested in the Republic of Uzbekistan:

Yri—t(T-2,a)oy <a,+a,(T +i) <Y1 +t(T - 2,a)oy (3)

The value typyur, = t(T — 2; @)
the student’s table

tepur. = £(11; 0,05) = 2,45
application — 3).

is determined using

(cm.  [5] — cTp. 190,

Using formula (8) with a probability of 0.95, we
construct an interval estimate for y, - the average
volume of grapes harvested in the Republic of

Uzbekistan
(1473,96; 1663,14 ) thousands of tons.

Based on sample data, using the x7.2019 software
package and Excel [4,5], we calculate the numerical
characteristics of yt — the average volume of grapes
harvested in the Republic of Uzbekistan (Table 3).

Evaluation of the main parameters of the dynamic
series:

Table 3

Sample characteristics

Statistical estimates for
characteristics

sample

The average volume of grapes harvested annually in the

Republic of Uzbekistan (y1 —thousands of tons) 1568,55

Dispersion 24533,68

Standard deviation gr 156,63

Coefficient of variation - v (%) 9,99 %

Asymmetry- A -1,34

Excess- Eg - 1,39

Sum 20391,1

Error of the mean yr, my

m, = % = 43,39

H !
Marginal error m

m’y=tmy=2,18- 43,39 = 94,59

Interval estimate (95% ) yr £ tm,

for the volume of grapes

Jr £tmy= 1568,55 + 94,59

(1473,96; 1663,14) thousands of
tons.

Testing a statistical hypothesis
Ho :P(y <x) = P, ,(%)
Hy: P(y, < x) # D, ;(x)

Accepted with 95% guarantee of
hypothesis H_0

Conclusions 1)

Based on the above statistical analyses, the dynamics

of the average annual harvested grape volume y; — in

the Republic of Uzbekistan, considered as a discret@)
stationary time series with a confidence level of y =

0,95 (Table 3), allow us to draw the following

conclusions:

For the average annual harvested grape volume y; —in
the Republic of Uzbekistan, a point estimate of
1,568.55 thousand tonnes and interval estimates of
(1,473.96; 1,663.14) thousand tonnes were obtained.

American Journal Of Agriculture And Horticulture Innovations

The explicit form of the trend was determined,
confirming its linear nature, expressed as:

y(t) = 34,17t + 1568,55;

Using the Durbin—Watson criterion, it was established
that the mean harvested grape volume in the Republic
of Uzbekistan exhibits autocorrelation dependence,
represented by:

Ye=pYeate, rae p = Cov(Yy,Yeui) = M[(Y; = ) (Yeyq —
yol,

This indicates that the grape harvest volume in a given
year depends on the volumes harvested in previous
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and subsequent years.
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