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Forecasting of the wind speed
under uncertainty

Muhammad Aslam

In this paper, the semi-average method under neutrosophic statistics is introduced. The trend
regression line for the semi-average method is given in the presence of Neutrosophy in the data.
The application of the semi-average method under indeterminacy is given with the help of wind
speed data. The efficiency of the semi-average method under the neutrosophic statistics is discussed
over the semi-average method under classical statistics. From the analysis, it is concluded that the
proposed method is effective, informative, and flexible for the forecasting of wind speed.

In business situations, the experimenters are interested to estimate the future’s estimated sales, prices of the com-
modity, and energy produced through winds. This estimation is done on the basis of information on past data.
Data that is collected in accordance with the time is known as the time-series data. For example, the minimum
and maximum values of wind speed recorded on a daily basis. There are four popular methods to measure the
secular trends in the time series data. The method of semi-averages is very popular due to its simplicity, easy
to apply, relatively objective, and easy to understand as compared to the method of least square and method of
moving averages. In this method, a time series data is divided into two halves. The average of each half is com-
puted and a coded variable is generated corresponding to each average. A regression line is used to forecast the
values for the future'. Discussed the application of time series in organizational research?® presented methods
of the time series analysis*. Applied the time series method in geography’. Worked on the time series method
using the local Wilcoxon statistic.

The statistical methods have been widely for estimation and forecasting of energy trough wind®. Applied
the statistical analysis on the wind speed data’. Worked on the distribution for the wind speed®. Worked on the
estimation of wind speed using the time series method®™!. Introduced various distribution to model the wind
speed. The estimation of parameters of wind data was studied by'. The application of statistical analysis can be
seen in'®. More applications of statistical methods in the field of energy can be seen in'*%2

The existing statistical methods are applied for the estimation of wind energy when the parameters or the
data is determined or exact. In practice, usually, the wind speed data is recorded in the interval; therefore, the
existing methods under classical statistics (CS) cannot be used for estimation and forecasting of wind speed
data. In this case, the methods using the fuzzy logic are applied for estimation and forecasting of the energy?’.
Introduced time series methods using fuzzy logic**-*°. Introduced an analysis method using the fuzzy logic?.
Presented a detailed review of time-series application in deep learning?®* also discussed the applications of the
fuzzy logic®® argued that the neutrosophic logic is more informative than the fuzzy logic. The neutrosophic logic
which is a generalization of fuzzy logic gives information about the measure of indeterminacy®'-**. Provided
several applications of the neutrosophic logic in the various fields**-*. Proved the efficiency of neutrosophic
statistical analysis over CS. The neutrosophic statistics (NS) reduces to CS when no uncertainty is found in the
data. Some statistical tests using NS was introduced by*”*.

Although a rich literature is available on time series methods under CS. According to the best of our knowl-
edge, no work on semi-average method under neutrosophic statistics is developed. To fill this gap, in this paper,
we will present the semi-average method in the presence of indeterminacy in the data. The application of the
proposed method will be given using wind speed data. The necessary measures to estimate/forecast the wind
speed will be introduced. It is expected that the proposed method will be quite effective to forecast the wind
speed. The proposed method will help the energy experts to estimate the energy on the basis of energy when
neutrosophic numbers are present in the data.

Preliminaries

Suppose that Yin = Y11 + Yivhin: In€[l1n, iv) Yon = Yaor + Yaubowns IN€[Dor, ube.oYan = Yor + Yaulun:
IN€[Inr, Iyu] be a neutrosophic time series random variable of size nye[nr, ny] with the measure of
indeterminacy In€[I,1, I,u]. The values Yi1,Yap,...,Y, represents the time series values under CS. Let
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Figure 1. The trend lines and actual observations for January, February and March 2020. Figure 1 is generated
using R version 3.2.1 (https://www.r-project.org/).

Xin = Xip + Xiulin; In€[Iin, hivland Xon = Xor + Xouon; IN€[Ior, Iy are the codes values corresponding
to neutrosophic averages of the first and second halves. The neutrosophic average for the first half is computed as.
Step-1: Compute the means of lower values of the first half of time-series data

NN

— 1
YiIN=— Yi

Step-2: Compute the means of upper values of the first half of time-series data

2N

= 1
Yon=—) Y
Step-3: The neutrosophic averages for the first and second are given by

Yiv =Y+ Yy Yon = Yoo + Youlns Inlz, Iu)

where {’1 N and 1?21\] are the neutrosophic averages of the first and the second halves.

Semi-average method under indeterminacy
In the method of semi-average under indeterminacy, the time series data having neutrosophic numbers is divided
into two equal or nearly equal halves. The neutrosophic average of each half is computed and placed them at the

center of time spans. Suppose that 1?11\16 F’m; l?w} and l?zNG |:§2L; I?ZU} be the neutrosophic averages of the
first and the second half, respectively. Suppose also that X, and Xan are the coded values corresponding to the

first and second half, respectively. The neutrosophic trends values using this method can be obtained as
follows

A — - Yo+ Youly) — (Yo + Yivln S PSRN
(YN —(Yu+ Y1U1N)) = « )= ) (XN —Xin); YN [Yb YU],IN[IL,IU]
Xon — Xin)
(1)
Note here that Eq. (1) is used to estimate the following regression line under indeterminacy
YN = ay + byXn: Y [?L: ?U} )
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Wind

speed Trend

(mph) values
January Y: |Yu ?L 17'[/ Neutrosophic form | Indeterminacy
1 0 |6 0 [585 |¥y=0+585Iy In[0,1]
2 0 |7 0 |628 |¥n=0+628Iy IN[0,1]
3 0 |6 0 [671 |¥y=0+671Iy IN[0,1]
4 0o |3 0 |714 |¥y=0+714Iy In[0,1]
5 0 |7 0 |757 |¥y=0+757Iy In[0,1]
6 o |12 [0 |8 Yy =0+8Iy In[0,1]
7 0 |7 0 |843 |¥y=0+843Iy IN[0,1]
8 0o |7 0 [886 |¥y=0+886ly IN[0,1]
9 0o |8 0 929 |¥n=0+929Iy In[0,1]
10 0 |12 [0 [972 |¥y=0+972Iy In[0,1]
11 0 |9 0 1015 |¥y =0+10.15Iy |In[0,1]
12 0 |14 |0 |1058 |¥y=0+1058Iy |IN[0,1]
13 0 |21 |0 |11.01 |¥y=0+1101Iy |IN[0,1]
14 0o |8 0 |1144 ¥y =0+1144Iy |In[0,1]
15 0 |6 0 |11.87 |¥y=0+1187Iy |In[0,1]
16 (] 0 |123 |¥y=0+123Iy IN[0,1]
17 0 |5 0 |1273 |¥y =0+1273Iy |In[0,1]
18 0 |6 0 |13.16 |¥y =0+ 585y In[0,1]
19 0 |10 [0 |1359 |¥y=0+13.16Iy |IN[0,1]
20 0 |9 0 |14.02 |¥y =0+ 14.02Iy |In[0,1]
21 0 |10 |0 |1445 |y =0+1445Iy |[In[0,1]
22 0 |100 [0 |14.88 |¥y =0+1488Iy |In[0,1]
23 0 [15 [0 [1531 |[¥y=0+1531Ix |In[0,1]
24 0 |12 |0 |1574 |Yy =0+1574Iy |IN[0,1]
25 (] 0 |1617 |¥y=0+16.17Iy |In[0,1]
26 0 |12 [0 |166 |¥y=0+166Iy IN[0,1]
27 0 [12 [0 [1703 |¥y =0+17.03Ixy |IN[0,1]
28 0 |9 0 |1746 |¥y =0+1746Iy |In[0,1]
29 0 |9 0 |17.89 |¥n =0+17.89Iy |In[0,1]
30 0 |9 0 [1832 |¥y=0+1832ly |[IN[O,1]
31 0 |8 0 |1875 |¥y =0+18.75Iy |In[0,1]

Table 1. Neutrosophic form of wind speed in January.

where ay [ar, ay]is neutrosophic intercept which can be calculated as follows
ay = (Y1, + Yiuln) — bnXin; anlaz, avl, by [br, bul, In (11, Iu] (3)
where by [br, by]is the rate of change per unit in the presence of indeterminacy and computed as follows

(Yo + Yauly) — (Y1 + Yiuly))
by = ; by [br, b 4
N oy — X N [br, bu] 4

Application using wind speed data

The application of the proposed semi-average method under indeterminacy is given using real wind speed data.
The data of the year 2020 is collected from the Pakistan Meteorology department. The last available data of the
first three months have been used to explain the proposed method. The wind speed (mph) data having the mini-
mum value and the maximum value is taken. The energy expert is interested to forecast the wind speed on the
basis of the given data. As the wind speed (mph) data is recorded in the interval, therefore, the use of the exist-
ing semi-average method under CS is not suitable. The proposed semi-average method under indeterminacy is
suitable to apply for such wind speed data. The necessary calculations for the wind speed data of month January,
February, and March 2020 using the proposed method are explained.
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Wind

speed

(mph) Trend values
February Y. |Yu 171 f/U Neutrosophic form Indeterminacy
1 0 |5 ]0.0028 |924 |¥y=0.0028+924Iy |In[0,1]
2 0 |7 0.0228 | 943 | ¥y =0.0228+9.43Iy |In[0,1]
3 0 |6 0.0428 |9.62 |¥y =0.0428 +9.62Iy |In[0,1]
4 0 |14 |0.0628 981 |¥y =0.0628+981Iy |In[0,0.99]
5 0 |9 ]0.0828 |10 ¥ = 0.0828 + 101y IN[0,0.99]
6 0 |8 [0.1028 [10.19 | ¥y =0.1028 + 10.19Iy | In[0,0.99]
7 0 |6 0.1228 | 10.38 | ¥y = 0.1228 4+ 10.38Iy | In[0,0.99]
8 0 |12 |0.1428 [1057 | ¥y =0.1428 + 10571y | In[0,0.99]
9 0 |12 |0.1628 [10.76 | ¥y =0.1628 + 10.76Iy | IN[0,0.98]
10 0 |12 |0.1828 [10.95 | ¥y =0.1828 4+ 10.95Iy |In[0,0.98]
11 0 |7 102028 |11.14 |¥y =0.2028 + 11.14Iy | IN[0,0.98]
12 0 |14 [02228 [11.33 | ¥y =02228+11.33Iy |In[0,0.98]
13 0 |15 |02428 [1152 | ¥y =02428+ 11521y |In[0,0.98]
14 2 |21 [02628 1171 | ¥y =02628+ 11711y |In[0,0.98]
15 0 |15 [02828 119 |¥y =02828+119Iy |In[0,0.98]
16 0 |12 {03028 |12.09 |¥y =03028+12.09Iy |IN[0,0.97]
17 0 |12 |03228 [1228 | ¥y =0.3228+ 12281y |In[0,0.97]
18 0 |9 [03428 |1247 | ¥y = 03428+ 12471y | In[0,0.97]
19 3 23 |03628 |1266 | ¥y =0.3628+ 12.66Iy |In[0,0.97]
20 0 |21 |03828 |1285 |¥y =03828+ 12.85Iy |In[0,0.97]
21 0 |15 |04028 [13.04 | ¥y =0.4028 + 13.04ly |In[0,0.97]
22 0 |7 ]04228 [1323 |¥y =0.4228 4+ 13.23Iy | IN[0,0.97]
23 0 |7 [0.4428 [13.42 | ¥y =0.4428 + 13.42Iy | In[0,0.97]
24 0 |12 |04628 [13.61 | ¥y =0.4628+ 13611y |In[0,0.97]
25 0 |12 |04828 |138 |¥y =0.4828+ 1381y |IN[0,0.97]
26 0 |9 [05028 [13.99 |9y =0.5028 4+ 13.99Iy | In[0,0.96]
27 0 |9 [05228 |14.18 | ¥y =0.5228+ 14.18Iy | In[0,0.96]
28 0 |16 |05428 |1437 | ¥y =0.5428 + 14371y | In[0,0.96]
29 3 |21 [05628 |14.56 | ¥y =0.5628 + 14.56Iy | In[0,0.96]

Table 2. Neutrosophic form of wind speed in February.

The fitted neutrosophic regression equation for January 2020 is given by
Yn = [0,8.86] + [0, 0.43]XN
The fitted neutrosophic regression equation for February 2020 is given by

Yy = [0.1428,10.57] + [0.02,0.19]Xx

The fitted neutrosophic regression equation for March 2020 is given by

Yy = [1.4,15.33] + [0.87, —0.29]Xy

The actual wind speed (mph) and the trended values for January, February, and March 2020 are plotted and
shown in Fig. 1. The left figure shows the values of the trend of January, the middle figure shows the values of
February month and the right figure shows the trended values of March. From Fig. 1, it can be noted that there
is a big gap between the actual wind speed data and the fitted data. The larger width of the indeterminacy inter-
val clear affects the forecasting of the wind speed. In the month of January, only three trended points are near
the line of actual values. The middle figure shows that still, several points are above the line of actual values. In
the month of March, there is an irregular trend in wind speed. From Fig. 1, we also note that for the month of
January, several plotted points are close to the trend line. Therefore, the trend line for this month can be used to
forecast the wind speed. From Fig. 1, it can be noted that the presence of Neutrosophy in the wind speed data
can affect the forecasting analysis of the wind speed. The proposed method has some limitations that it can be
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Wind

speed

(mph) Trend values
March Y. |Yu f/L fo Neutrosophic form Indeterminacy
1 0 [12 |0 17.36 | ¥y =0+ 17.36Iy In[0,1]
2 0 |6 |0 17.07 | ¥y = 0+ 17.07Iy In[0,1]
3 0 |6 |0 1678 | ¥y = 0+ 16.78In IN[0,1]
4 0 |12 |o 1649 | ¥y =0+ 16.49Iy In[0,1]
5 3 125 [0 162 | ¥y =0+ 1621y IN[0,1]
6 2 |25 |0 1591 | ¥y =0+ 15911y IN[0,1]
7 0 |13 053 |1562 |¥y=053+1562Iy |IN[0,0.97]
8 0 [10 |14 1533 | ¥y = 1.4 + 15.331y In[0,0.91]
9 5 |15 [227 |1504 |¥y =227+1504Iy |In[0,0.85]
10 0 |12 [314 |1475 |¥y =3.14+1475Iy |In[0,0.79]
11 0 |13 |401 |1446 |Vy =401+ 1446Iy |In[0,0.72]
12 3 |37 |488 |14.17 |¥y =488+ 14.17Iy |In[0,0.66]
13 5 |23 [575 |13.88 |¥y =575+13.88Iy |In[0,0.59]
14 3 |14 [662 |1359 |¥y =6.62+13.59y |In[0,0.51]
15 0 |7 |749 |133 |¥y =749+133Iy In[0,0.44]
16 0 |12 (836 |13.01 |¥y=836+13.01ly |IN[0,0.36]
17 0 |7 ]923 |1272 |¥y =923+ 12720y |IN[0,0.27]
18 0 |9 |10 |1243 |¥y=10.1+1243Iy |In[0,0.19]
19 0 |8 1097 | 1214 |¥y =10.97 + 12.14Iy |In[0,0.10]
20 0 |7 |11.84 |11.85 |Vy =11.84+ 11.85Iy | In[0,0.001]
21 0 |16 |1271 |11.56 |¥y =12.71 —11.56Iy |In[0,0.09]
22 0 |8 |1358 |1127 |¥y =1358—11.27Iy |In[0,0.17]
23 0 |6 14.45 | 1098 | ¥y = 14.45 — 10.98Iy | In[0,0.24]
24 0 |7 ]1532 |10.69 |Y¥y =1532—10.69Iy |In[0,0.30]
25 0 |21 [1619 |104 |¥y =16.19—104ly |IN[0,0.36]
26 0 [12 [17.06 |[10.11 |¥y =17.06 — 10.11Iy |IN[0,0.41]
27 0 |17 |17.93 | 9.82 |¥y =17.93—9.82Iy |In[0,0.45]
28 3 |10 |188 9.53 | ¥y =18.8 —9.53Iy In1[0,0.49]
29 3 |7 [1967 | 924 |¥y =19.67—924Iy |In[0,0.53]
30 0 |12 |2054 | 895 |¥y =20.54—895y |In[0,0.56]
31 0 |14 [2141 | 866 |¥y=21.41—866Iy |IN[0,0.60]

Table 3. Neutrosophic form of wind speed in March.

applied for the forecasting of the wind speed only when the data has Neutrosophy. The proposed method can be
applied for a variety of fields where the forecasting is needed using the data under indeterminate environment.

Competitive study based on wind speed data

As discussed earlier, the proposed semi-average method under indeterminacy is the generalization of the exist-
ing semi-average method under CS. The proposed method reduces to existing method when I; = 0. We will
compare both methods in terms of trended values for the three months of the year 2020. The neutrosophic form
of trended values and measure of indeterminacy of January 2020 is given in Table 1. The neutrosophic form of
trended values and measure of indeterminacy of February 2020 is given in Table 2. The neutrosophic form of
trended values and measure of indeterminacy of March 2020 is given in Table 3. From Table 1, it is quite clear
that the measure of indeterminacy is 1. Further, the determined part of the neutrosophic form is 0. It means that
the presence of a high measure of indeterminacy will affect the forecasting of wind energy. From Table 2, it can
be seen that the indeterminacy measure for the first three days is around 1. For the last four days, this measure is
0.96. For example, for day seven, the neutrosophic form of trended value is Y = 0.1228 + 10.381y; In€[0, 0.99].
The trended value 0.1228 presents the value under CS. From this neutrosophic form, it can be seen that for seven
days, the forecasting value of wind energy will be from 0.1228 to 10.38. We note a big gap between these values,
the gap between these values is based on the difference between the lower and upper values of wind speed. The
gap may be narrow if lower and upper values of wind speed are close. From this study, it can be noted that the
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existing method provided only the exact/determined forecasting value for wind speed. On the other hand, the
proposed method provides the forecasting values in an interval. In addition, the proposed method gives infor-
mation about the measure of indeterminacy. In an uncertain environment, the use of the existing method under
CS will mislead the energy experts. The use of the proposed method to forecast the wind speed in the presence
of indeterminacy is quite suitable and effective.

Conclusions

The semi-average method under neutrosophic was introduced in this paper. The proposed semi-average method
is the extension of the semi-average method under classical statistics. The trend line under the indeterminacy was
introduced. The proposed semi-average method can be applied effectively when the Neutrosophy is presented in
the data. The application of the proposed method was given with the help of wind speed data. From the analysis,
it can be concluded that the proposed method provides the forecasting wind speed values in intervals rather
than the exact values. Therefore, the proposed method is quite reasonable to use when the data has imprecise
and indeterminate observations. The other time series methods can be developed under neutrosophic statistics
as future research. More statistical tests about the time series data under neutrosophic statistics can be studied
as future research.
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